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THE  EDWARD  GAMALIEL  JAXEWAY  LECTURE 
The  Nature  of  Clinical  and  Experimental  Arterial  Hypertension^ 

IRVINE  H.  PAGE,  M.D. 

[Lilly  Laboratory  for  Clinical  Research,  Indianapolis  City  Hospital, 
Indianapolis,  Indiana] 

Contemporary  thought  recognizes  that  arterial  hypertension  occurs  in  a 
variet)'  of  morbid  states  and  that  the  stimuhis  which  provokes  it  is  not 
always  the  same.  I  say  "contemporarj'"  advisedlj^,  because,  until  the 
last  decade,  observation  of  hypertension  had  largeh^  been  confined  to 
desci'iption  of  its  effects  rather  than  investigation  of  its  causes.  It  seems 
clear  from  the  younger  Janeway's  writings  that  with,  or/and  possiblj'^  in 
spite  of,  his  mastery  of  the  pureh'  nosological  aspect  of  hypertension,  his 
interests  extended  to  include  etiological  enquirj'.  Indeed,  his  attempts 
with  Carrel  (1)  to  induce  hj'pertension  in  animals  by  ligation  of  the  renal 
arterj'  foreshadowed  experiments  which  were  to  be  completed  25  j^ears 
later.  However,  a  defeatist  attitude  prevailed  in  the  minds  of  other 
clinicians  of  his  time  which  discouraged  constructive  investigation  into  the 
nature  of  these  diseases.  Hj'pertension  and  its  sequelae  had  come  to  be 
considered  by  some  as  mere  ravages  of  physiologic  aging.  Others  obscured 
the  issue  by  contenting  themselves  with  diagnoses  of  heart  failure,  or 
uremia,  or  apoplexy.  And  so  it  was,  until  a  method  for  the  production  of 
hypertension  in  animals  which  closeh'  simulated  essential  and  malignant 
hx-pertension  in  man  was  discovered  by  Goldblatt  (2). 

Of  course  it  would  be  unfair  to  say  that  no  work  of  significance  was  done 
before  the  production  of  experimental  renal  hypertension  in  1934.  Almost 
simultaneously  with  this  discovery,  and  independently  of  it,  there  began 
an  active  investigation  of  the  role  of  the  nervous  system  in  essential  hyper- 
tension, which  now  bids  fair  to  yield  information  of  the  greatest  importance. 
Interest  in  the  renal  origin  of  hypertension  has  temporarilj-,  I  beheve, 
eclipsed  that  in  the  part  played  by  the  nervous  sj'stem.  It  might  be  well 
to  recall  that  in  1929  seA'ere  hj-pertension  without  evident  renal  damage 
had  been  produced  in  animals  by  section  of  the  carotid  sinus  and  aortic 
depressor  nerves. 

It  has  pro\-ed  convenient  for  purposes  of  jjresentation  to  divide  the 
various  syndromes  in  which  hj'pertension  occurs  according  to  their  patho- 
geneses into  1)  nervous,  2)  cardiovascular,  3)  endocrine,  and  4)  renal 
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groups.  Since  the  mechanisms  of  these  varied  types  of  hypertension, 
except  in  rare  instances,  are  by  no  means  clear,  this  division  must  remain 
merely  an  aid  and  a  stimulus  to  further  investigation.  Let  me  illustrate: 
removal  of  a  pheochromocj'toma  causes  the  paroxysmal  hypertension 
associated  with  it  to  disappear.  With  the  demonstration  by  Beer,  King 
and  Prinzmetal  (3)  that  adrenalin  is  detectable  in  the  blood  of  these 
patients  in  significant  amounts  during  the  paroxysm  and  disappears  when 
the  timaor  is  removed,  there  seems  little  doubt  that  it  is  justifiable  to  class 
this  variety  of  hj'pertension  as  endocrine.  But  the  Wilms's  tumors  illus- 
trate the  converse  state  of  affau's.  Several  years  ago  I  \\as  inclined,  on 
the  basis  of  published  e\'idence,  to  include  them  among  endocrine  causes 
of  hj-pertension.  Subsequent  studies  showed  that  extracts  of  these  tumors 
have  no  pressor  acti\'ity.  Their  action  in  eliciting  hypertension  seems  to 
be  merely  one  of  pressure  on  the  parenchyma  or  pedicle  of  the  kidney. 
Hence  it  now  seems  reasonable  to  classify  the  hypertension  associated  with 
Wilms's  tumors  as  due  to  abnormahties  of  renal  circulation.  I  shall  avoid 
further  discussion  of  this  interesting  phase  of  the  problem  of  hj^pertension 
by  inclusion  of  a  classification  of  hypertension  which  we  have  found  use- 
ful (4). 

CLASSIFICATION  OF  HYPERTENSION 


Renal 

a.  Affections  of  vessels 
Arteriosclerosis 
Periarteritis  nodosa 
Arteritis 
Anomaly 

Obstruction  (tumors,  aneurysm,  arte- 
riosclerosis, embolism,  thrombosis) 
Thromboangiitis  obliterans 
Visceral  lupus  erythematosus 
Wilms's  tumor 

b.  Affections  of  parenchyma 
Acute  nephritis 
Chronic  nephritis 
Pyelonephritis 
Hydronephrosis 
Polycystic  disease 
Amyloidosis 

Infarcts 
Tumors 

Hypernephroma 
Ectopia 

Toxemia  of  pregnancy 
X-ray  lesions 
Renal  stones 
Hypogenesis 
Dystopia 


c.  Affections  of  perinephric  structures 
Perinephritis 

Tumors 
Hematoma 

d.  Affections  of  ureter 
Obstruction  (pelvis,  ureter,  prostate, 

urethra) 
Pyelitis 

Cerebral 

Increased  intracranial  pressure  (trauma, 

tumor,  inflammation) 
Diencephalic  stimulation 
Anxiety  states 

Lesions  of  brain  stem  (ascending  paral- 
ysis, poliomyelitis) 

Cardiovascular 

Heart  failure 
Arterio-venous  fistulae 
Angina  pectoris 
Heart  block 
Coarctation  of  aorta 
Atheromatosis 
Lead  poisoning 
Polycythemia 
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Pheochromocytoma 

Adrenal  carcinoma 

Adrenal  hyperplasia? 

C'lishing's  syndrome  (pituitary  adenoma) 

Pituitary  basophilism? 

Acromegaly 

Thymic  carcinoma 


Endocrine 


Hyperthyroidism  ' 

Menopause  (natural  or  artificial) 

Arrhenoblastoma 


U nknjwn 


Essential  hypertension 
Malignant  hypertension 


Production  of  Experimenial  Hypertension.  Goldblatt,  Lynch,  Hanzal, 
and  Summerville  (2)  were  the  first  to  produce  chronic  arterial  hypertension 
without  loss  of  urea  clearance  in  animals  by  application  of  adjustable 
clamps  to  the  main  renal  arteries. 

A  method  of  some  theoretical  and  practical  importance  is  the  production 
of  similar  hypertension  by  compn\ssion  of  the  parenchyma  of  the  kidnej'S, 
either  by  the  perinephric  scar  which  results  from  application  of  silk  or 


Fig.  1.  Cellophane  perinephritis  producing  hypertension  (242  mm.  Hg)  in  a  dog. 

cellophane  to  the  kidneys  (5,  5a)  or  by  preventing  the  hypertrophy'  which 
results  when  one  kidney  is  removed  (6).  This  calls  attention  to  the  pos- 
sibility that  compression  of  the  renal  parenchyma,  whatever  the  cause — 
tumors,  perinephric  inflammatory  reactions,  or  hematornata — may  elicit 
clinical  hyperten.sion  in  some  patients.  Practically,  the  method  is  of  value 
because  of  the  .simplicity  and  sureness  with  which  hypertension  is  produced. 
A  clinically  dissimilar  type  had  been  produced  b\'  Koch  and  Mies  (7)  in 
rabbits  by  section  of  the  carotid  sinus  and  aortic  depressor  nerves.  It 
might  well  be  asked  why  the  discovery  of  this  latter  type  of  hypertension 
has  elicited  relatively  little  interest. 

The  Mechanism  of  Elevated  Blood  Pressure.  At  least  five  separable 
factors  control  the  level  of  arterial  blood  pressure.  These  are:  1)  blood 
viscosity;  2)  blood  volume;  3)  cardiac  output;  4)  cardiac  augmentation; 
and  5)  effective  peripheral  resistance.  Let  us  now  examine  each  of  these 
factors  and  ascertain  their  importance  in  both  clinical  and  experimental 
renal  hypertension. 
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1)  Blood  viscosily  and  2)  blood  volume.  In  animals  with  experimental 
hj^per tension  both  blood  \Tscosity  and  volmne  are  normal  (8).  This 
is  apparently  also  true  in  essential  hypertension  although  there  is 
some  disagreement  in  the  reports  in  the  hterature. 

3)  Cardiac  output.  Cardiac  output  is  normal  in  dogs  \\-ith  experimental 
hypertension  and  in  patients  with  essential  hj-pertension.  The 
systohc  h^-pertension  of  Grave's  disease  appears  to  constitute  the 
chief  exception  to  the  rule  of  normal  cardiac  output  in  hypertension. 

4)  Cardiac  augmentation.  The  increased  force  of  the  heart  beat  is 
familiar  to  all  who  have  cared  for  patients  with  hj-pertension.  Fahr 
(9)  estimated  that  the  increased  work  when  the  blood  pressure  was 
raised  from  120  systoUc  and  80  diastolic  to  240  systoUc  and  130  dias- 
toUc  was  about  95  per  cent.  The  increase  in  work  is  nearlj-  propor- 
tional to  the  elevation  of  sj'stolic  pressure  and  relatively  much  greater 
than  the  elevation  of  mean  or  diastolic  pressure.  Since  the  heart 
is  only  a  speciahzed  portion  of  the  vascular  tree,  it  might  be  expected 
that  substances  which  augment  the  tone  of  the  blood  vessels  would 
also  augment  the  force  of  the  heart  beat.  Thus  cardiac  augmenta- 
tion must  be  one  of  the  processes  concerned  in  the  genesis  of  hj-per- 
tension.  TMiether  augmentation  is  due  to  direct  action  of  angiotonin 
on  the  heart  muscle  as  appears  to  be  the  case  in  the  isolated  perfused 
cat's  heart  (Hill  and  Andrus  (9a)),  or  is  merely  a  reflection  of  Star- 
ling's law  of  the  heart  remains  to  be  determined. 

5)  Effective  Peripheral  Resistance — The  greatest  fall  in  arterial  pressure 
occurs  in  the  arterioles  (10)  and  in  both  patients  and  hj-pertensive 
dogs  observation  of  the  retinal  arterioles  shows  that  they  are  mark- 
edly constricted.  But  measm'ement  has  shown  the  blood  flow  in  the 
arms  to  be  either  normal  or  elevated  despite  the  elevated  pressure. 
Since  cardiac  rate  and  output  are  not  increased  in  h^pei'tension,  the 
elevated  blood  pressure  mu.st  be  due  to  cardiac  augmentation  plus 
increase  in  effective  peripheral  resistance.  The  nub  of  the  problem 
of  hj-pertension  is  to  ascertain  the  cause  of  this  change. 

The  anatomical  site  of  the  peripheral  resistance  has  been  the 
subject  of  active  discussion.  It  has  seemed  reasonable  from  the 
plethysmographic  studies  of  Prinzmetal  and  Wilson  (11)  and  Picker- 
ing (12)  that  it  is  generalized  and  not  greater  or  less  in  one  particular 
area.  This  is  based  on  the  observation  that  blood  flow  in  the  forearm 
of  hj-pertensives  is  no  greater  than  normal.  Abramson  (13)  has 
restudied  the  problem  with  what  appears  to  be  a  more  refined  tech- 
nique and  concludes  that  in  hj'pertensives  it  is  1.7  times  greater  than 
normal.  From  these  results  it  appears  that  some  area  such  as  the 
splanchnic  may  in  fact  offer  more  resistance  than  other  portions  of  the 
vascular  system.  Since  there  is  disagreement  on  the  observation, 
it  is  not  possible  on  the  basis  of  this  evidence  to  decide  which  ^-iew 
is  correct. 
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The  evidence  is  clear  that  in  most  patients  with  hypertension  the  kidnej'^s 
interpose  marked  resistance  to  the  flow  of  blood.  Since  about  30  per  cent 
of  the  cardiac  output  may  flow  through  the  kidneys  in  each  miiuite,  tho}-- 
must  constitute  an  important  part  of  the  effecti\'e  peripheral  resistance. 
The  remainder  of  the  splanchnic  area  also  appears  to  contribute  impor- 
tantly to  the  maintenance  of  elevated  peripheral  resistance. 

It  is  of  course  impossible  to  detei  mine  the  eft"ecti\  o  peripheral  resistance 
by  random  sampling  in  various  vascular  areas  of  the  body.  It  may,  how- 
ever, be  calculated  roughly  by  the  formula  of  Bazett,  Cotton,  Laplace  and 
Scott  (14): 

Mean  pressure 
Effective  peripheral  resistance  (R)  Cardiac  output  per 

square  meter  surface 

The  equation  has  be(>n  shown  to  be  fairly  adequate  for  basal  conditions. 
Inherent  is  the  assumption  that  blood  pressures  determined  from  the 
brachial  artery  are  representative  of  the  whole  arterial  tree,  an  assumption 
only  partially  true  in  the  horizontal  and  even  less  true  in  the  vertical 
position.  Wiggers  (15)  points  out  that,  as  a  rule,  increase  in  mean  pressure 
is  accompanied  by  augmentation  of  effective  resistance  but  some  patients 
with  extreme  ele\-ation  of  pressure  have  no  greater  peripheral  resistance 
than  others  with  moderate  hypertension.  He  also  finds  that  the  diminu- 
tion of  vascular  distensibility  so  commonh'  found  in  the  large  vessels  in 
hA-pertension  does  not  affect  the  peripheral  resistance  significantly.  It  is 
evident  that  the  problem  of  peripheral  resistance  needs  to  be  more  exten- 
sively investigated  and  the  results  related  to  the  clinical  type  of  hyper- 
tension. 

The  Nervom  System  and  Peripheral  Resistance.  The  care  of  patients 
with  hypertension  must  have  convinced  most  physicians  that,  whether  or 
not  the  nervous  system  is  directly  responsible  for  hypertension,  at  least 
in  many  cases  it  plaj's  a  highly  demonstrative  role.  Their  irritabilitj^, 
aggressiveness,  combativeness,  insomnia,  all  point  to  a  disturbed  psyche. 
An  interesting  somatic  expression  of  this  is  seen  in  patients  exhibiting  the 
hj'pertensive  diencephalic  syndrome  (16),  in  whom  crj-ing,  blushing, 
tachj-^cardia,  perspiration,  and  h^'perperistalsis  occur  without  adequate 
external  cause.  This  points  to  lack  of  integration  in  the  diencephalic 
centers. 

Operations  on  the  nervous  system  such  as  the  anterior  nerve  root  section, 
the  supra-  and  infra-diaphragmatic  splanchnic  nerve  sections,  with  removal 
of  many  of  the  ganglia,  and  total  sympathectomy  have  shown  beyond 
doubt  that  the  arterial  pressure  can  be  profoundly  altered  by  these  proce- 
dures (17  to  21).  Whether  or  not  it  stays  down  for  prolonged  periods  at 
least  the  reduction  is  sufficiently  prolonged  to  demonstrate  the  effect  of 
such  operations.  The  cause  of  the  fall  in  blood  pressure  is  not  certainly 
known.    It  is  not  due  to  increased  blood  flow  through  the  kidneys  and 
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probably  is  in  part  the  result  of  inadequate  filling  of  the  heart  incident  to 
the  denervation  of  the  splanchnic  area  (22). 

It  may  be  recalled  that  I  stated  that  severe  hypertension  could  be  pro- 
duced by  section  of  the  carotid  sinus  and  the  aortic  depressor  nerves. 
Injection  of  kaolin  into  the  cisterna  magna  also  produces  hypertension. 
The  clinical  counterpart  of  the  former  type  of  experimental  hypertension 
has  not  been  recognized  and  much  e\ddence  points  against  the  \'iew  that 
the  carotid  sinus  mechanism  itself  is  deranged  in  essential  hyperteasion. 
Except  in  certain  rare  examples,  it  is  doubtful  if  the  latter  type  occurs  at 
all  frequently.  Nevertheless,  hypertension  of  nervous  origin  should  not 
be  forgotten  in  our  haste  to  blame  the  kidnej's. 

I  have  leaned  toward  the  view  that  the  nervous  system  in  many  cases 
plays  a  subsidiary,  though  important,  role  in  the  mechanism  of  h^-perten- 
sion,  in  both  maintaining  the  blood  vessels  in  a  reactive  state  as  well  as 
actually  contributing  toward  vasoconstriction  by  vasomotor  impulses. 
It  is  possible  that  in  some  cases  it  initiates  the  steps  leading  to  hypertension 
of  humoral  nature. 

Systematic  examination  of  the  effect  of  ablation  of  special  portions  of  the 
nervous  system  on  the  arterial  pressure  has  been  carried  out  on  animals 
with  experimental  hj^^Dertension  in  which  renal  denervation,  anterior  spinal 
nerve  root  section,  splanchnic  nerve  section,  and  even  total  sjTnpathectomy 
combined  with  cardiac  denervation  are  without  perceptible  influence  on 
arterial  blood  pressure.  So  drastic  a  procedure  as  pithing  does  not  abolish 
the  hypertension  though  it  may  reduce  it.  These  experiments  strengthen 
the  belief  that  the  nervous  S3'stem  plays  at  most  only  a  small  part  in  the 
genesis  of  experimental  renal  hjT^er tension.  The  erect  posture  with  its 
attendant  dependence  upon  rapid  splanchnic  vasomotor  readjustments 
and  the  high  organization  of  central  nervous  control  in  human  beings  forbid 
direct  transfer  of  results  obtained  from  operations  on  the  ner^'Ous  sj'stems 
of  animals  to  an  application  in  diseases  of  human  beings.  Xevertheless, 
these  experiments  suggest  that  in  many  cases  of  essential  hypertension  at 
least  the  nervous  sj'stem  is  not  the  primary  genetic  agent. 

The  Endocrine  System  and  Increased  Peripheral  Resistance.  Patients 
with  essential  hypertension  do  not  commonly  exhibit  obvious  marks  of 
endocrine  dysfunction.  But  in  animals,  ablation  experiments  clearly 
demonstrate  the  importance  of  the  endocrine  system.  Let  us  start  vrith 
the  "master  gland,"  the  pituitary,  and  determine  the  effect  of  its  removal 
in  experimental  hj'pertension  (23).  Hj'pophj^sectomy  leads  to  a  relatively 
slow  fall  in  blood  pressure.  The  extent  of  the  fall  and  its  maintenance 
appear  to  depend  on  the  extent  of  the  somatic  changes  associated  vrith 
hypophysectomy.  That  this  operation  does  not  interfere  with  a  primary 
mechanism  of  hjTDertension  is  evident  from  the  fact  that  increased  stimula- 
tion of  the  renal  pressor  system  by  further  reducing  the  caliber  of  the  renal 
artery  leads  to  an  additional  rise  in  blood  pressure. 
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Tlu'  mechanism  by  which  the  hypophj'^sis  exerts  an  effect  on  blood 
pressure  is  not  known.  The  plausible  suggestion  has  been  made  that  its 
action  is  an  indirect  one  by  supph'ing  adrenocorticotropic  hormone  to 
stimulate  the  adrenal  cortex. 

Color  is  lent  to  this  belief  by  the  demonstration  that  excision  of  the 
adrenal  cortex  has  a  profoundly  depressing  action  on  the  arterial  pressure 
of  hypertensive  dogs,  yet  mild  hypertension  persists  if  the  animals  are 
properly  treated  with  cortical  extract  and  salt  (24  to  26).  The  fact  that 
hypertension  remains  at  all  demonstrates  that  the  adrenals  are  not  alone 
vital  to  the  maintenance  of  elevated  arterial  pressure.  The  part  they  play 
is  not  known.  It  is  perhaps  significant  that  adrenalectom}'  in  the  absence 
of  replacement  therapy  causes  dogs  to  become  refractory  to  renin  (27). 

The  thyroid  gland,  pancreas,  and  gonads  apparently  do  not  participate 
importantly  in  the  genesis  of  hypertension,  for  their  removal  in  h}'i:)er- 


FiG.  2.  Effect  of  adrenalectomy  on  arterial  blood  pressure  of  a  hypertensive  dog. 

tensive  animals  does  not  alter  the  blood  pressure.  Similar  lack  of  effect 
is  observed  in  human  hypertensives  when  the  thyroid  or  gonads  are 
removed. 

The  evidence  suggests  that  participation  of  the  endocrine  sj'stem  in  the 
genesis  of  many  cases  of  hypertension  is,  like  that  of  the  nervous  system, 
important  though  probably  subsidiarj'^  to  other  primary  causes. 

A  Humoral  Mechanism  Elevating  Arterial  Pressure.  If  a  search  is  to  be 
made  for  a  substance  which  is  thought  to  cause  hypertension,  it  is  im- 
portant to  seek  one  whose  characteristics  are  consonant  with  those  to  be 
anticipated  from  knowledge  of  the  phj^siology  of  hypertension.  Therefore. 
1)  this  substance  must  elevate  arterial  pressure  without  reduction  in 
peripheral  blood  flow;  2)  it  must  constrict  the  efferent  arterioles  in  the 
kidneys  and  thus  maintain  the  rate  of  glomerular  filtration  while  tending 
to  decrease  renal  blood  flow;  3)  it  must  cause  cardiac  augmentation;  4) 
it  must  be  present  in  the  peripheral  blood  of  hypertensive  patients;  5)  it 
must  not  cause  the  hypertensive  animal  to  become  refractory  after  re- 
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peated  injections  (tachyphylaxis).  Let  us  now  examine  contemporary 
evidence  to  see  whether  such  a  substance  has  been  found.  At  the  outset 
it  is  clear  that  the  usual  pressor  substances,  such  as  adrenalin  and  pitressin 
do  not  fulfill  the  requirements.  Since  systematic  investigation  of  the  vari- 
ous systems  in  animals  with  experimental  renal  hypertension  demonstrates 
the  subsidiary  part  played  by  all  but  the  humoral  system,  it  was  natural 
that  stud}^  of  the  latter  system  should  begin  with  the  pressor  substance 
contained  in  the  crude  extracts  of  kidneys  prepared  hy  Tigerstedt  and 
Bergmann  (1898).  When  these  extracts  were  injected  intravenously  into 
intact  animals,  the  active  principle  contained  in  them,  so-called  renin, 
caused  a  prolonged  rise  in  blood  pressure.  But  further  injection  elicited 
either  only  a  slight  rise  or  none  at  all.    The  animals  were  said  to  be  tachy- 
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Fig.  3.  Effect  of  injection  of  renin  and  angiotonin  on  arterial  blood  pressure  of  a 
pithed  cat.    A  (left)  =  renin.    B  (right)  =  angiotonin. 

phy lactic.  For  these  and  other  reasons  it  did  not  appear  to  many  that 
renin  could  play  any  part  in  the  genesis  of  hypertension. 

Stepwise  purification  of  renin  by  Helmer  (28)  with  simultaneous  assay 
of  the  fractions  on  both  intact  animals  and  isolated  perfused  rabbits'  ears 
led  to  the  important  observation  that  the  more  active  the  preparation 
became  in  the  intact  animal,  the  less  active  it  was  in  the  isolated  ear 
perfused  with  Ringer's  solution  (29).  A  point  was  reached  where  no 
constriction  whatever  resulted  when  renin  was  perfused  through  the 
isolated  ear,  yet  the  same  renin  caused  a  powerful  rise  of  blood  pressure 
in  intact  animals. 

These  observations  could  lead  to  but  one  conclusion,  namelj^  that  some 
substance  was  contained  in  blood  which  was  not  contained  in  Ringer's 
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solution.  This  was  confirmed  by  adding  l)lood  to  renin  and  after  incuba- 
tion of  ten  minutes  injecting  the  mixture  into  the  Ringer's  sohition  perfus- 
ing the  ear.  Immediate  and  powerful  vasoconstriction  resulted.  Further 
stud}'  showed  that  the  activating  effect  was  produced  by  the  pseudo-globu- 
lin fraction  of  plasma.  While  there  is  good  evidence  that  the  reaction 
between  renin  and  this  fraction  of  plasma  is  enzymatic  in  nature,  it  is  not 
conclusively  proved.  For  this  reason  we  called  the  plasma  pseudo- 
globulin  fraction,  "renin-activator."  It  seemed  unwise  to  crystaUize 
prematurely  the  concept  of  this  reaction  by  calling  I'enin  the  enzyme  and 
the  pseudo-globulin  fraction  the  substrate,  though  this  has  been  our 
working  hypothesis. 

Since  it  was  recognized  that  renin  was  no  simple  pressor  substance  but 
that  it  worked  only  in  conjunction  with  its  specific  activator,  it  became 
possible  to  studj'  in  more  detail  the  mechanism  of  its  physiological  action. 
Clearly,  if  the  activator  contained  in  the  blood  could  be  neutralized  or 


Fig.  4.  Crystals  of  angiotonin  picrate. 


exhausted,  renin  could  not  exert  its  pressor  action.  It  was  shown  that  the 
activator  had  its  origin  in  the  liver,  for  hepatectomy  in  dogs  caused  it  to 
disappear  within  several  hours.  But  a  much  simpler  way  was  found  by 
injecting  an  excess  of  renin  into  the  blood.  Such  exhaustion  of  the  renin- 
activator  supply  is  part  of  the  phenomenon  known  as  tachyphylaxis,  i.e., 
lack  of  pressor  response  after  repeated  injections  of  renin  (30). 

Let  us  now  return  to  the  interesting  phenomenon  just  described,  in  which 
it  was  found  that  in  isolated  organs  perfused  with  Ringer's  solution,  renin 
causes  no  vasoconstriction  unless  renin-activator  is  incubated  with  it. 
This  pointed  indubitably  to  the  fact  that  the  reaction  product  was  the 
vasoactive  material.  The  isolation  of  this  substance  was  much  simplified 
by  demonstrating  that  it  was  thermostable.  Boiling  destroyed  both  renin 
and  renin-activator  and  left  the  pressor  substance  in  solution.  By  a  fairly 
elaborate  series  of  chemical  manipulations  this  substance  was  crystallized 
and  shown  to  be  a  strong  pressor  agent  (31,  32).    I  shall  not  discuss  what 
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is  already  known  of  the  chemical  structure  of  this  substance,  called  an- 
giotonin,  except  to  say  that  it  is  unlike  any  known  pressor  substance. 

After  the  demonstration  of  the  reaction  between  renin  and  renin- 
activator  by  Kohlstaedt,  Hehner  and  Page  (29),  Munoz,  Braun-Menendez, 
Fasciolo  and  Leloir  (33)  independently  found  pressor  acti\'it3-  in  filtrates 
prepared  bj^  incubating  renin  with  renin-activator  and  boiling  the  solution. 
They  did  not  isolate  and  crystallize  the  pressor  substance,  but  showed 
that  it  had  manj'  of  the  physiological  properties  of  angiotonin. 

Our  evidence  suggests  that  angiotonin  is  an  intermediate  rather  than 
an  end  product  because  if  angiotonin  or  renin  is  allowed  to  continue  to  react 
with  serum  or  plasma,  the  final  product  has  no  pressor  action  (32).  At 
least  two  possibilities  present  themselves  to  explain  this  result.  Angiotonin 
may  be  an  intermediate  in  a  series  of  reactions  which  ultimately  lead  to  its 
destruction,  i.e.,  renin  +  renin-activator  — *  angiotonin  +  angiotonin- 
activator  vaso-inactive  substance.  Angiotonin  may  be  destroyed  by 
an  enzjTne  contained  in  plasma  and  kidnej'S.  The  latter  suggestion  seems 
the  more  probable  because  contact  of  angiotonin  with  plasma  leads  to  its 
slow  destruction,  the  temperature  coefficient  is  low,  and  circulation  of 
angiotonin  through  the  li\'ing  kidneys  results  in  a  vaso-inactive  effluent 
from  the  kidneys. 

Physiological  Considerations  of  Angiotonin.  It  would  now  seem  justifi- 
able to  examine  some  of  the  physiological  properties  of  angiotonin  to  ascer- 
tain whether  they  fulfill  the  criteria  proposed  for  a  substance  which  could 
be  concerned  in  the  mechanism  of  hypertension,  both  experimental  and 
clinical. 

1)  Angiotonin  causes  marked  elevation  of  arterial  pressure  both  in 
human  beings  and  in  animals  wdthout  causing  blanching,  fall  in  skin  tem- 
perature or  decrease  in  peripheral  blood  flow.  This  means  that  the  chief 
site  of  constriction  is  proximal  to  the  capillaries,  i.e.,  in  the  arterioles,  and 
that  the  force  of  the  heart's  beat  has  augmented  to  overcome  the  increased 
peripheral  resistance. 

The  effect  of  the  injection  of  angiotonin  is  particularly  well  illustrated 
in  the  transparent  chambers  introduced  into  the  rabbit's  ear.  This  allows 
microscopic  examination  of  the  arterioles,  capillaries  and  veins.  Such 
investigation  demonstrates  that  in  comparing  equi-pressor  amounts  of 
angiotonin  and  adrenalin,  the  former  causes  little  interference  with  the 
flow  of  blood  in  the  capillaries  while  the  latter  cau.ses  complete  bloodless- 
ness  (34).  It  will  be  necessary  to  study  the  effect  of  angiotonin  on  other 
vascular  areas  such  as  the  muscle  and  brain  before  the  relative  importance 
of  peripheral  resistance  and  cardiac  augmentation  can  be  determined. 

2)  The  most  characteristic  intrarenal  hemodjmamic  change  in  patients 
with  hypertension  has  been  shown  by  Smith,  Goldring  and  Chasis  (35) 
to  be  maintenance  of  glomerular  filtration  rate  and  reduction  of  renal 
blood  flow.    This  can,  as  thej'  point  out,  only  be  due  to  constriction  of  the 
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efferent  glomerular  artery.  Clinically,  this  is  lefiected  in  these  patients 
in  ea,r\y  loss  of  ability  to  concentrate  nrine  with  maintenance  of  inulin 
and  urea  clearance.  Normal  luunan  beinfrs  filter  from  16  to  20  per  cent 
of  the  plasma  water  into  the  renal  tubules,  A\  hereas  many  hypertensives 
filter  more  than  20  and  even  30  or  40  per  cent.  This  must  be  due  to  in- 
creased intraglomerular  pressure.  The  increased  intraglomerular  pressure 
in  turn  could  be  due  either  to  dilatation  of  the  afferent  glomerular  arte- 
rioles or  to  constriction  of  the  effercmt  arterioles.    If  the  former  occurred, 


Fig.  5.  Effects  of  single  intravenous  injections  of  angiotonin  on  arterial  blood 
pressures  in  two  patients. 

Patient  1.    •  •,  dose  injected  0.6  cc. 

Patient  2.    •  •,  dose  injected  1.0  cc.  Ordinate:  Systolic  (S.P.)  and  diastolic 

(D.P.);  blood  pressure  in  mm.  Hg.    .\bscissa:  time  in  minutes. 


blood  flow  in  hypertensive  patients  would  be  increased,  which  is  certainly 
not  the  case.  It  is  concluded,  therefore,  that  efferent  arteriolar  constric- 
tion prevails.  Clinically,  an  important  corollary  of  the  efferent  arteriolar 
constriction  in  hypertension  is  the  fact  that  urea  clearance,  which  depends 
upon  the  rate  of  glomerular  filtration,  does  not  vary  directly  with  renal 
blood  flow  under  such  conditions. 

A  matter  of  great  interest  is  Corcoran's  demonstration  (36)  that  an- 
giotonin produces  severe  efferent  arteriolar  constriction  in  both  dogs  and 
in  human  beings,  reproducing  the  characteristic  intrarenal  hemodynamic 
state  in  essential  hypertension.    With  renin  the  effect  in  dogs  is  more 
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Fig.  6.  Effects  of  infusion  of  angiotonin  on  arterial  blood  pressure,  renal  blood 
flow,  inulin  clearance  and  filtration  fraction  in  patient  L.  G.  Ordinates  from  above 
downwards:  arterial  systolic  (S.P.)  and  diastolic  (D.P.)  blood  pressures;  effective 
renal  blood  flow  (R.B.F.)  in  cc.  per  min.;  (inulin  clearance  (IC)  in  cc.  per  min.; 
filtration  fraction  (inulin/diodrast  clearance  ratio,  F.F.);  cc.  indicates  volumes  of 
initial  intravenous  injection  of  angiotonin  and  of  subsequent  injections  into  the 
infusing  fluid.  Effective  renal  blood  flow,  inulin  clearance  and  filtration  fraction 
are  plotted  semilogarithmically.    Abscissa:  time  in  minutes. 
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prolonged  than  witli  angiotonin,  but  qualitatively  the  results  are  the  same. 
These  results  ha\  e  been  confirmed  in  dogs  by  thermostromuhr  measuie- 
ments  (37),  and  by  direct  observation  of  the  circulation  in  the  transil- 
luminated  frog's  kidney  (38). 

3)  The  amplitude  of  the  heart  beat  is  markedly  increased  in  perfused 
cats'  hearts  when  angiotonin  is  added,  according  to  Hill  and  Andrus  (39). 

4)  I  stated  as  the  fourth  criterion  that  the  pressor  substance  must  be 
present  in  the  peripheral  blood.  This  is  a  matter  which  is  not  easy  to 
prove.  We  must  get  ahead  of  our  story,  in  order  to  make  clear  the  steps 
involved  in  this  study.  Removal  of  both  kidneys  in  animals  greatly  in- 
creases their  sensitivity  to  angiotonin.  The  enhanced  sensitivity  is 
reflected  in  the  blood,  for  if  blood  from  such  "arenal"  animals  is  employed 
as  the  perfusing  fluid  in  a  rabbit's  ear,  addition  of  either  angiotonin  or 
renin  causes  much  more  powerful  vasoconstriction  than  when  normal  blood 
is  used.  These,  then,  would  be  the  conditions  under  which  any  increase 
in  angiotonin-like  substance  in  the  peripheral  blood  would  be  most  easily 
detected. 

Perfusion  of  rabbits'  ears  with  "arenal"  blood  has  shown  (40)  that 
addition  of  a  small  amount  (0.2  cc.)  of  plasma  from  normal  animals  pro- 
duced little  or  no  vasoconstriction,  whereas  plasma  from  hypertensive  dogs 
or  patients  caused  definite  constriction.  Plasma  of  hypertensives  could 
thus  be  readily  distinguished  from  that  of  normotensives. 

This  vasoconstrictor  is  not  renin,  because  addition  of  renin-activator 
does  not  increase  its  power  to  cause  vasoconstriction  when  perfused  through 
the  rabbit's  ear.  Injection  of  renin  into  an  animal  causes  it  to  appear  in 
the  blood.  In  other  words,  it  seems  to  originate  from  renin  under  the 
circumstances  usual  for  the  production  of  angiotonin.  Its  vasoconstrictor 
action  is  enhanced  when  perfused  with  "arenal"  blood  (a  property  not 
shared  hy  pitressin,  adrenalin,  tyramine  or  methyl-guanadine)  and  it  occurs 
in  dogs  and  patients  with  hypertension  but  not  in  normotensives.  It  is  for 
these  reasons  we  refer  to  this  peripheral  vasoconstrictor  as  "angiotonin- 
like,"  and  it  seems  to  me  cogent  evidence  that  a  substance  is  in  fact  present 
in  the  blood,  bathing  the  heart  and  blood  vessels,  which  could  cause  cardiac 
augmentation  as  well  as  arteriolar  constriction.  This  is  further  strength- 
ened by  the  demonstration  that  transfusion  of  large  amounts  of  blood 
from  hypertensive  to  normal  dogs  causes  a  rise  of  arterial  pressure  in  the 
recipient  (41).  Recent  observations  suggest  that  this  peripheral  pressor 
substance  may  not  be  angiotonin  itself  but  something  closely  allied  to  it. 
Possibly  it  is  a  substance  resulting  from  the  interaction  of  angiotonin  with 
its  activator  (42). 

5)  All  observers  are  agreed  that  repeated  injections  of  renin  at  short 
intervals  cause  the  animal  to  become  refractory.  This  phenomenon  has 
been  called  tachyphylaxis.  The  phenomenon  is  in  part,  as  we  discussed 
before,  due  to  exhaustion  of  renin-activator.    Part  is  due,  as  we  shall  see 
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later,  to  the  occurrence  of  an  inhibitor  originating  in  the  kidneys.  But 
tachyphylaxis  to  renin  develops  much  more  rapidly  than  to  angiotonin. 
With  single  doses  of  angiotonin  the  arterial  pressure  may  be  elevated  30 
mm.  Hg.  many  times  in  short  order  without  appreciable  tachyphylaxis 
occurring.  Since  removal  of  the  kidneys  all  but  abolishes  tachyphylaxis 
to  angiotonin,  we  have  beUeved  that  some  similar  circumstance  might 
exist  in  hj^pertensives,  that  is,  some  lesion  of  the  kidneys  which  causes  the 
animal  to  approach  from  this  aspect  the  condition  of  the  "arenal"  animal. 
I  shall  not  discuss  the  evidence  for  this  any  further  because  it  is  incomplete, 
and,  in  my  view,  not  altogether  convincing. 

It  will  be  seen  that  for  the  most  part  angiotonin  is  able  to  reproduce 
those  criteria  set  out  as  being  characteristic  of  the  physiology  of  hyper- 
tension. It  would,  however,  be  rash  indeed  to  claim  that  this  evidence  is 
sufficient  to  establish  angiotonin  as  the  cause  of  hypertension.  All  that 
seems  justifiable  is  that  it  appears  to  be  the  most  likely  substance  yet 
found.  Objection  to  renin  as  the  responsible  agent  has  been  voiced  (43, 
44).  Whether  equalh*  cogent  objections  apply  to  angiotonin  remains  for 
further  study. 

Liberation  of  Renin  from  the  Kidneys  and  the  Conditions  under  which 
This  Occurs.  Observations  of  renal  clearances  of  phenol  red,  inulin, 
creatinine  and  urea,  as  well  as  determinations  of  renal  blood  flow  by  in- 
direct methods  have  shown  that  in  some  instances  hypertension  may  be 
induced  by  partial  constriction  of  the  renal  artery  without  a  decrease  in 
renal  blood  flow  (45).  It  is,  of  course,  not  easy  to  attain  this  point  of 
balance  in  operative  application  of  metal  clamps  and  it  goes  almost  without 
saying  that  severe  experimental  hypertension  is  usually  associated  with 
renal  ischemia.  However,  since  it  may  be  assumed  that  the  more  severe 
types  of  experimental  hj-pertension  are  in  some  measure  the  result  of  the 
liberation  of  higher  concentrations  of  angiotonin  into  the  blood,  it  follows 
that  the  renal  ischemia  which  has  been  demonstrated  under  such  conditions 
is  in  part  the  result  rather  than  the  cause  of  the  hypertensive  process. 
These  observations  and  the  conclusions  reached  from  them  call  into  ques- 
tion the  assumption  that  experimental  renal  hypertension  due  to  com- 
pression of  the  renal  artery  or  renal  parenchyma  is  the  result  of  renal 
ischemia. 

In  casting  about  for  another  explanation  of  the  origin  of  renal  hyper- 
tension it  was  necessary  to  select  conditions  of  study  which  were  as  simple 
and  controllable  as  possible.  The  isolated  perfused  dog's  kidney  from  the 
point  of  view  of  controllability  is  satisfactory.  That  the  preparation  is 
simple  in  the  sense  that  the  conditions  are  physiological  seems  unlikely. 
Nevertheless,  under  proper,  and  I  may  say  elaborate  conditions  of  per- 
fusion, Kohlstaedt  (46)  was  able  to  show  that  no  renin  is  liberated  fi'om 
kidneys  perfused  at  normal  blood  pressure  and  flow.  But  if  the  blood 
flow  was  maintained  and  the  pulse  pressure  reduced,  renin  appeared  in  the 
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renal  vein  in  abundance.  From  this  it  may  be  concluded  that  the  stimulus 
to  the  liberation  of  renin  from  the  kidneys  was  reduction  of  pulse  pressure, 
or  in  other  words,  the  partial  conversion  of  pulsatile  to  a  continuous  flow 
of  blood. 

Renin  is  a  large  molecular  pi-otein  contained  in  the  tubular  cells  of  the 
kidnej's.  The  conditions  for  its  liberation  would  therefore  doubtless, 
involve  some  increase  in  permeability  of  the  cell  membranes  of  these  cells. 
What  changes  occur  when  continuous  flow  is  used  instead  of  pulsatile  flow 
in  perfusing  organs  are  not  known.  It  is  certain,  however,  that  organs 
become  edematous  and  cease  functioning  much  more  quickly  when  con- 
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Fig.  7.  Eflfect  of  reduction  of  pulse  pressure  on  the  renin  secretion  of  an  isolated 
perfused  dog's  kidney.    The  black  columns  represent  the  amount  of  renin  secreted. 


tinuous  flow  is  used.  ^\Tlatever  the  reasons,  it  seems  possible  that  the 
change  resulting  from  reduction  in  pulse  pressure  in  the  kidneys  leads  to 
increase  in  permeability  and  liberation  of  renin  into  the  renal  \'ein.  It  is 
obvious  that  severe  reduction  of  blood  flow  through  the  renal  arterj-  would 
lead  not  only  to  hj^pertension  but  to  atrophy  of  the  kidnej^s,  whereas 
characteristically  atrophj'  does  not  occur  in  the  early  stages  of  essential 
hypertension. 

It  can  be  equalh'  well  demonstrated  (47)  that  renin  is  liberated  from  the 
kidneys  of  unanesthetized  dogs  with  experimental  hypertension  by  taking 
samples  of  blood  from  the  veins  of  kidneys  which  have  been  explanted 
into  the  dog's  flank.  Normal  dogs'  kidneys  do  not  liberate  renin  in 
amounts  detectable  by  our  present  methods. 
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Blood  from  the  renal  veins  of  many  patients  with  essential  hypertension 
have  been  examined  and  found  to  be  rich  in  renin. 

We  are  now  in  a  position  to  make  a  reasonable  guess  as  to  the  mechanism 
of  the  renin-angiotonin  vasopressor  system.  Reduction  of  pulse  pressure 
in  the  kidneys  leads  to  liberation  of  renin  by  increasing  the  permeability 
of  the  tubular  cells.  This  renin  combines,  probably  enzymatically,  with 
the  renin-activator  fraction  of  the  blood  to  form  angiotonin.  Hence  blood 
in  the  renal  vein  will  contain  a  mixture  of  renin  and  a  small  amount  of 
angiotonin.  As  the  renin  circulates,  more  of  it  is  converted  to  angiotonin. 
By  the  time  the  blood  has  reached  the  heart  and  arterioles,  most  of  it  has 
been  converted  to  angiotonin.  Angiotonin  in  the  presence  of  its  own  acti- 
vator causes  peripheral  arteriolar  constriction,  efferent  arteriolar  constric- 
tion in  the  kidnej^s,  and  cardiac  augmentation,  resulting  in  arterial 
hypertension. 

Inhibition  of  the  Vasopressor  System.  Bilateral  nephrectomy  produces 
a  remarkable  increase  in  sensitivity  of  animals  to  both  angiotonin  and 
renin.  Reflection  on  these  observations  must  lead  to  the  notion  that  in 
removing  the  kidneys  either  one  has  removed  the  organs  necessaiy  for  the 
excretion  of  pressor  substances  (48),  or  that  the  kidneys  in  some  manner 
destroy  (49)  or  neutralize  the  pressor  substance  (50  a,  b,  c). 

Several  investigators  have  diligently  studied  the  urine  of  patients  with 
hypertension  to  demonstrate  the  occurrence  of  characteristic  pressor 
substances.  According  to  some  of  the  published  reports  these  efforts 
have  been  successful,  but  unfortunately  the  results  have  never  been  satis- 
factorily confirmed.  Others  have  believed  that  lack  of  pressor  substance 
in  the  urine  might  be  characteristic  of  hypertensive  patients,  and  this  has 
not  seemed  unreasonable.    Again,  the  results  have  lacked  confirmation. 

Our  own  investigations  (51)  along  this  line  show  the  pitfalls  with  which 
one  is  faced.  Extraction  of  urine  by  several  methods  showed  that  the 
extracts  in  all  but  one  of  a  group  of  normal  control  subjects  contained  large 
amounts  of  pressor  substance.  On  the  other  hand,  extracts  of  the  urine 
in  a  group  of  hypertensive  patients  in  the  hospital  showed  none.  It  would 
have  been  reasonable  to  suppose  that  the  hypertensive  patients  retained 
the  pressor  substance  and  therefore  had  hypertension,  whereas,  the  normo- 
tensive  person  excreted  it  and  hence  did  not.  Unfortunately  this  attractive 
theory  was  shattered  by  the  demonstration  by  Helmer  that  the  pressor 
substance  which  we  had  crystallized  from  the  urine  was  pure  nicotine. 
In  retrospect  it  was  clear  that  the  patients  in  the  hospital  were  not  allowed 
to  smoke,  while  all  but  one  of  the  controls  did  so. 

In  short,  no  substance  has  as  yet  been  demonstrated  in  the  urine  which 
appears  to  have  any  relationship  with  arterial  hypertension.  This  suggests 
that  it  is  more  reasonable  to  believe  that  the  kidneys  either  destroy  the 
pressor  substance  or  secrete  some  neutralizing  substance.  The  demon- 
stration that  when  one  renal  artery  is  clamped  or  the  parenchyma  enclosed 
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in  a  perinephric  scar  and  the  remaining  normal  kidney  removed,  the  blood 
pressure  rises  much  more  quickly  and  severely  than  if  the  normal  kidney 
remains  intact,  seems  to  bo  best  interpreted  in  this  light.  It  is  important 
next  to  decide  whether  the  kidneys  destroj'  the  pressor  substance  by  some 
intrinsic  metabolic  process  or  whether  they  excrete  a  substance  which 
neutralizes  its  action.  If  blood  from  an  "arenal"  dog  is  used  as  the  per- 
fusing medium  for  a  rabbit's  ear,  it  is  found  that  the  vessels  of  the  ear 
constrict  much  more  vigorously  to  the  same  amount  of  angiotonin  than 
if  normal  blood  is  used  (42).  This  experiment  points  to  the  presence  of 
some  substance  in  normal  blood  which  dampens  the  vasoconstrictor  proper- 
ties of  angiotonin.    It  is  not  present  in  the  "arenal"  blood. 

Further  demonstration  of  the  fact  that  an  inhibitor  is  contained  in  normal 
blood  is  furnished  by  experiments  in  which  the  sensitivity  of  "arenal"  dogs 
to  angiotonin  was  tested  before  and  after  large  transfusions  of  normal  blood 
(42).  -\fter  the  transfusion,  the  "arenal"  dog  responded  much  as  a  normal 
one,  suggesting  the  transfer  of  some  substance  contained  in  blood  from  a 
dog  with  kidneys  intact  which  is  not  present  in  the  "arenal"  dog. 

There  is  other  evidence  that  an  inhibitor  is  secreted  by  the  kidneys  (52), 
but  sufficient  has  been  given  to  show  that  an  attempt  to  extract  this  sub- 
stance from  kidneys  would  be  profitable. 

Attempts  to  extract  such  an  inhibitor  have  been  successful  both  in  the 
hands  of  GroUman,  Williams  and  Harrison  (53)  and  in  our  own  (54).  The 
evidence  available  indicates  that  we  are  dealing  with  the  same  active 
principle  as  that  reported  shortly  before  by  Harrison,  Grollman  and  Wil- 
liams. Our  work  was  done  entirely  independently  and  was  based  on 
different  reasoning.  The  two  groups  are  now  collaborating  toward  a  fur- 
ther solution  of  the  problem.  It  is  of  real  interest  that  Schroeder  (55)  has 
recently  reported  that  tyrosinase  prepared  from  mushrooms  will  also  re- 
duce arterial  pressure  in  animals  with  experimental  hypertension  and  in 
human  beings  with  essential  hypertension. 

Preparation  of  Extracts  Containing  Inhibitor.  Chemical  methods  for  the 
preparation  of  kidney  extracts  have  been  published  by  both  Grollman, 
Williams  and  Harrison  (55)  and  our  group  (54),  and  need  not  be  given  in 
detail.  Suffice  it  to  say  that  thej^  consist  essentially  of  extraction  of 
ground  kidneys  w'ith  acid  water,  heating  to  56°C.,  and  fractional  precipita- 
tion of  the  filtrate  with  ammonium  sulfate.  The  fraction  precipitated 
between  0.25  and  0.6  saturation  contains  the  greatest  amount  of  active 
substance.  Precipitation  is  repeated  and  the  ammonium  sulfate  removed 
by  dialysis. 

Effect  of  Kidney  Extracts  on  Hypertensive  Dogs  and  Rats.  Injection  of 
extract  equivalent  to  100  grams  of  kidney  per  kilogram  per  day  for  4  to  6 
days  into  hypertensive  dogs  lowers  the  mean  arterial  pressure  from  50  to 
100  mm.  Hg.  After  several  days  the  pressure  usually  rises  again  and  in 
several  weeks  may  have  attained  its  original  level.    Strangely,  in  some  of 
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the  dogs  the  blood  pressure  remains  low.  They  are  "cured"  in  the  sense 
that  even  after  many  months  the  pressiire  does  not  rise,  but  whether  this  is 
a  direct  effect  of  the  extract  or  some  indirect  one  is  not  known. 

If  excessive  doses  of  extract  are  given,  the  pressure  falls  sharply  over  a 
period  of  24  to  48  hours  and  the  animals  exhibit  a  shock-like  sjudrome  well 
described  by  Williams,  Grollman  and  Harrison  (56).  The  extremities 
become  cold,  and  tachycardia,  profound  weakness,  loss  of  appetite,  and 
^'omiting  occur.  The  pressure  continues  to  fall  and  the  animal  dies  with 
oliguria  or  anuria  and  marked  retention  of  urinary  excretory  products  in  the 
blood. 


lOOl  

DAYS  OI23456789I0III2I3I4I5I6I7 

Fig.  8.  The  effect  of  injection  of  inhibitor  on  the  mean  arterial  pressure  of  a  hyper- 
tensive dog  (Dog  391). 

Treatment  of  dogs  in  which  the  malignant  s\Tidrome  has  supervened 
is  one  of  the  most  dramatic  e%'idences  of  the  activity  of  renal  extracts. 
This  syndrome  in  dogs  Ls  usually  heralded  by  the  occurrence  of  bloodj' 
diarrhea  and  weakness.  It  Ls  soon  followed  by  partial  or  complete  blind- 
ness. Examination  of  the  ocular  fundi  shows  that  large  areas  of  the  retina 
are  detached  and,  if  the  nerve  head  is  \isible,  papilledema  is  exndent. 
Blood  may  fill  both  chambers  of  the  eye.  Usually  those  animals  die  in 
several  days  unless  treated.  If  treatment  is  begun  before  the  animal  is 
moribund,  the  clinical  change  is  remarkable.  Within  24  to  48  hours  it 
appears  almost  normal  and  regression  of  the  eye  ground  changes  have 
clearly  occurred.  The  treatment  has  been  discontinued  in  some  animals 
and  in  a  few  the  malignant  syndrome  has  reappeared  and  again  treated 
with  success.  In  others,  complete  recovery  from  the  syndrome  appears 
to  have  occurred. 
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The  results  have  been  about  the  same  in  rats  as  in  dogs. 

The  effect  of  these  extracts  on  renal  function  is  naturally  a  matter  of  the 
greatest  importance.  For  if  it  could  be  shown  that  they  abolish  the  change 
which  we  haxe  come  to  believe  as  characteristic  of  essential  hypertension, 
it  would  add  to  the  notion  that  the  renal  extracts  were,  in  fact,  part  of  the 
angiotonin-renin  vasopressor  system. 

Corcoran  and  I  (57)  have  studied  this  subject  with  the  aid  of  the  inulin, 
diodrast,  and  phenol  red  clearances  in  both  dogs  and  patients.  These 
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Fig.  9.  The  effect  on  arterial  blood  pressure  of  a  hypertensive  rat  of  injection  of 
inhibitor.  The  black  columns  at  the  top  of  the  diagram  represent  the  amount  of 
whole  kidney  in  grams  extracted  to  produce  the  inhibitor. 


results  show  that  with  decrease  in  arterial  pressure  due  to  injection  of 
extract,  there  occurs  a  rise  in  renal  blood  flow  which  is  accompanied  by  a 
decrease  in  filtration  fraction.  This  is  interpreted  as  indicating  a  specific 
relaxing  effect  of  the  inhibitor  on  the  efferent  arteriole  and  a  consequent 
probable  improvement  in  the  nutrition  of  the  renal  cells. 

It  is  interesting  to  note,  since  it  suggests  that  the  renal  pressor  system 
ma3'  not  function  alone  during  morbid  states,  that  injection  of  extracts 
containing  the  inhibitor  in  normal  dogs  also  results  in  relaxation  of  the 
efferent  arterioles  and  increased  renal  blood  flow  (58).  The  renal  action 
of  the  inhibitor  may  explain  the  mechanism  of  the  anuria  and  nitrogen 
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retention  which  follows  the  administration  of  excessive  doses  in  experi- 
mentalh-  hj-pertensive  animals,  for  in  such  animals  relaxation  of  the  efferent 
arterioles  in  the  presence  of  restrictions  to  intra-renal  arterial  pressure  may 
result  in  cessation  of  glomerular  filtration  at  a  time  when  blood  still  courses 
through  the  kidney. 

Effect  of  Inhibitor  on  Patients.  Seventeen  patients  with  hypertension 
have  now  been  treated  by  injections  ^\•ith  kidney  extract.  In  some  cases 
local  reactions  to  the  extract  have  been  quite  severe  but  transient.  Sys- 
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Fig.  10.  The  effect  of  injection  of  inhibitor  on  the  arterial  blood  pressure  and  eye- 
grounds  of  a  patient  with  malignant  hypertension. 

temic  reactions  in  which  the  blood  pressure  falls  precipitously  have  also 
been  observed  from  time  to  time.  There  seems  to  be  little  regularity'  in 
their  appearance.  We  believe  them  to  be  anaphj'lactoid  because  they 
may  not  be  as  intense  when  the  patients  are  desensitized  by  repeated 
injections  of  extract  and  histamine. 

Amounts  of  extract  equivalent  roughly  to  1000  grams  of  original  whole 
kidnej-  are  injected  daily-.  Usually'  after  a  week  or  more  a  noticeable  drop 
in  blood  pressure  has  occurred,  but  two  months  may  be  required  before  it 
is  normal.    It  is  necessary  to  continue  the  injections  at  least  every  other 
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day  because  the  arterial  pressure  rises  to  its  initial  height  within  a  week  or 
more. 

Perhaps  the  most  striking  clinical  changes  in  patients  with  essential 
hypertension  has  been  disappearance  of  headaches,  precordial  pain  and 
shortness  of  breath  when  these  were  pi'esent.  Their  feeling  of  well-being 
is  evident.  Since  many  of  these  patients  have  few  or  no  symptoms,  the 
change  in  blood  pressure  would  seem  to  be  a  mere  academic  achievement. 
Unfortunately  this  scared}-  squares  with  the  facts  of  the  clinical  history 
of  this  subtle  disease. 

The  most  dramatic  results  have  been  observed  in  patients  suffering  from 
malignant  hypertension.  Nine  of  these  patients  have  now  been  treated. 
\lsion  has  rapidly  returned  with  accompanying  regression  of  eye  ground 
changes.  Decreased  constriction  of  the  glomerular  efferent  arterioles  and 
increased  renal  blood  flow  ha\e  repeatedly  followed  the  effective  adminis- 
tration of  these  renal  extracts.  Urea  clearance  has  increased  in  some 
instances  and,  in  others,  has  decreased.  However,  as  noted  above,  urea 
clearance  does  not  have  a  simple  relation  to  the  rate  of  renal  blood  flow  in 
hA^per tension  and  it  is  therefore  significant  that  the  fall  of  urea  clearance 
which  may  follow  the  administration  of  such  extracts  is  merely  an  expres- 
sion of  relaxation  of  the  constricted  efferent  arterioles  and,  paradoxically, 
has  been  accompanied  by  increased  renal  blood  flow.  Since  increase  of 
renal  blood  flow  should  improve  the  nutrition  of  the  ischemic  renal  cells, 
it  is  significant  that  an  improvement  in  the  capacity  of  these  cells  to  do 
work  by  concentrating  urine  has  usually  followed  treatment  with  inhibitor. 
When  convulsions  have  been  present  thej'  have  not  recurred.  Appetite 
improves  and  the  general  rapid  down-hill  trend  seems  to  be  arrested. 

These  results  are  based  on  the  experience  of  only  a  year  with  extracts 
which  have  varied  widely,  some  good,  some  bad,  yet  on  the  whole  we  feel 
the  results  encouraging.  As  time  has  passed  the  extracts  have  become 
more  pure  and  moi-e  potent  and  the  results  in  the  patient  have  been  corre- 
spondingly more  regular  and  definite.  That  arterial  blood  pressure  can 
be  lowered  in  both  man  and  animals  and  kept  down  for  months  or  years 
seems  beyond  doubt,  but  how  much  ultimate  benefit  this  will  be  to  the 
patient  receiA  ing  these  extracts,  time  and  work  alone  can  tell.  Adminis- 
tration of  renal  extracts  is  not  yet  to  be  considered  a  practical  treatment. 
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The  following  series  of  papers  which  deal  with  suppurative  bronchopneumonia  in 
children  and  which  were  presented  as  a  symposium  before  the  Pediatric  Section  of 
the  Academy  of  Medicine  on  October  10,  1940  is  the  result  of  a  joint  effort  of  the 
Thoracic  Group  of  The  Mount  Sinai  Hospital.  Essentially,  there  is  summarized 
the  view  of  the  Group  concerning  the  suppurative  pneumonias  as  encountered  in 
children.  There  is  no  claim  for  originality,  although  a  number  of  observations 
which  have  been  made  do  not  appear  to  have  been  reported  in  the  literature.  The 
general  purpose  has  been  to  present  the  views  which  have  been  arrived  at  on  the  basis 
of  clinical  and  roentgenological  observations  made  over  a  period  of  years.  In  par- 
ticular the  intention  has  been  to  indicate  the  clinical  implications  of  the  disease  as 
encountered  in  children. 

Harold  Xeuhof,  M.D. 

SUPPURATI\^E  AND  XECROSUPPURATIA'E 
BRONX'HOPXEUMOXIA  IX  CHILDREX 

Pathology  .vnd  Pathogenesis 

ALEXANDER  THOMAS,  M.D. 

Suppurati^'e  bronchopneumonia  may  be  said  to  include  those  cases  of 
bronchopneumonia  in  which  suppuration  of  the  lung  forms  part  of  the 
pathological  picture.  The  suppuration  may  range  from  microscopic  foci 
up  to  multiple  large  abscesses.  An  analysis  of  the  various  types  of  cases 
indicates  that  suppurative  pnevunonia  can  be  di\'ided  into  a  number  of 
general  groups,  based  on  the  pathology. 

The  fii'st  group  comprises  those  cases  of  bronchopneimionia  in  \A  hich  the 
suppmative  element  is  relatively'  minor  and  incidental.  The  broncho- 
pneumonia itself  may  be  mild,  as  when  death  is  due  to  some  extra-thoracic 
cause,  in  which  case  the  suppuration  is  usualh*  limited  to  scattered  micro- 
scopic or  miliar}'  foci.  Or,  the  pneumonia  itself  may  be  diffuse  and  fulmi- 
nating,  as  in  influenza,  measles,  pertussis,  or  the  terminal  bronchopneumo- 
nia of  marantic  infants.  In  the  latter  the  suppm-ation  may  be  more 
marked,  with  the  formation  of  many  small  abscesses,  but  is  still  relatively 
inconspicuous  and  insignificant  both  pathologically  and  clinically,  except 
in  those  rare  instances  in  which  the  rupture  of  one  of  these  abscesses  leads 
to  a  suppurative  pleuritis.  From  the  frequency  \\'ith  which  this  incidental 
element  of  suppuration  is  found  at  post-mortem  examination  in  cases  of 
bronchopneumonia,  one  may  assume  that  many  such  cases  recover  \\-ithout 
clinical  evidence  of  the  exi.stence  of  suppuration. 

The  second  group  includes  the  cases  of  bronchopneumonia  in  which 
suppuration,  both  pathologicalh'  and  clinically,  plaj'S  an  important,  and 
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frequently  dominant,  part.  In  this  group  our  present  views  of  the  pathol- 
ogy are  based  on  the  clmical,  x-ray  and  operative  findings,  and  the  gross 
pathological  studies  in  the  cases  coming  to  autopsy.  It  is  possible  that 
further  .stud\'  will  modify  these  views.  In  these  cases  the  microscopic  foci 
of  suppuration  are  widespread  within  well  defined  areas,  with  the  alveoli 
and  bronchioles  filled  with  pus  throughout  the  area  of  bronchopneumonia. 
]Many  gross  abscesses  are  formed  by  the  destruction  of  the  walls  of  alveoli 
and  bronchi  and  the  coalescence  of  these  suppurative  foci.  One  of  the 
features  of  these  cases  is  that  healing  and  restitution  to  normal  is  most 
likely  to  be  incomplete,  resulting  in  a  chronic  interstitial  pneumonitis  with 
fibrosis,  or  a  chronic  bronchiectasis,  or  both. 

In  a  certain  number  of  these  foregoing  cases,  there  is  another  important 
element  in  addition  to  the  suppuration,  namely  necrosis.  These  cases 
of  acute  suppurative  pneumonic  infection  in  which  necrosis  is  a  gross  and 
obvious  element  have  been  designated  as  necrosuppurative  bronchopneu- 
monia. This  distinctive  term  is  used  in  order  to  emphasize  the  presence 
of  necrosis,  because  the  necrosis  forms  such  a  striking  part  of  the  patholog- 
ical picture  and  plays  such  an  important  part  in  determining  the  evolution 
of  the  lesion. 

In  these  necrosuppurative  cases  the  infection  involves  one  or  more 
bronchopulmonary  segments,  that  is,  a  secondary  bronchus  with  its 
tributary  bronchioles  and  pulmonary  parenchyma  (1).  With  the  develop- 
ment of  marked  necrosis  in  a  case  of  suppurative  pneumonia  the  evolution 
of  the  lesion  results  in  the  formation  of  an  abscess.  This  is  called  "non- 
putrid  segmental  pulmonarj^  abscess." 

Two  types  of  necrosuppurative  bronchopneumonia  with  the  formation 
of  abscess  can  be  distinguished.  There  is  the  group  in  which  the  abscess, 
which  is  frequently  multiple,  is  found  surrounded  by  a  significant  and  often 
diffuse  area  of  pneumonitis.  In  other  words,  these  are  cases  in  which 
necrosis  has  occurred  in  a  certain  area  or  areas  of  an  active  suppurative 
pneumonia,  Avith  the  formation  of  abscesses  in  the  midst  of  this  active 
infection. 

In  the  other  type  the  abscess  formation  dominates  the  pathological 
picture  while  the  surrounding  zone  of  pneumonitis  is  very  limited.  Any 
individual  case  of  necrosuppurative  pneumonia  may  during  its  develop- 
ment pass  from  the  first  to  the  second  type,  and  conversely,  a  case  in  which 
a  large  abscess  with  a  minimal  surrounding  pneumonitis  has  developed 
may  become  a  more  diffuse  lesion  through  a  spread  of  this  surrounding 
suppurative  pneumonia. 

Concerning  the  bacteriologj'  of  the  necrosuppurative  infections  it  can 
be  said  that  in  almost  ail  cases  culture  of  the  pus  or  necrotic  lung  tissue 
revealed  either  Staphylococcus  aureus.  Streptococcus  hemolyticus  or  one 
of  the  types  of  Pneumococcus  in  pure  culture,  mixed  infections  being  rare. 
This  is  in  contrast  to  anaerobic  lung  abscess,  in  which  mixed  infection  is 
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universal.  In  one  case  the  organism  was  Micrococcus  catarrhalis  in  pure 
culture. 

Necrosuppurative  bronchopneumonia  is,  as  defined  before,  an  acute 
infection,  with  cure  or  fatalitj^  usualh^  being  decided  in  the  acute  phase. 
Infrequently  the  disease  passes  into  a  chronic  state,  with  the  formation  of  a 
chronic  stiff-walled  abscess.  Bronchiectasis  and  chi-onic  interstitial 
pneumonia  may  also  result. 

During  the  acute  phase  of  the  disease  there  may  occur  a  spill-over  in- 
fection to  other  parts  of  the  lungs,  or  a  suppurative  pleuritis,  in  the  form 
of  a  loculated  or  diffuse  empyema  or  pyopneumothorax.  These  complica- 
tions are  not  rare  and  when  they  do  occur  often  alter  the  entire  clinical 
picture. 

The  other  large  group  of  the  suppurative  bronchopneumonias  includes 
those  cases  which  present  themselves  with  an  empyema  or  pyopneumo- 
thorax, the  underlying  pulmonary  lesion  being  a  single  or  multiple  small 
peripheral  abscess.  The  pulmonary  lesion  is  silent  unless  perforation  with 
suppurative  pleuritis  occurs.  It  is  probable  that  there  are  many  such 
cases  without  distinctive  clinical  features  that  go  on  to  spontaneous  re- 
covery without  pleural  complications  and  consequently  go  unrecognized. 
The  pathogenesis  of  these  cases  is  still  obscure,  the  possibilities  being  that 
they  are  metastatic  vascular  or  suppurative  bronchopneumonic  in  origin. 

Finallj^,  there  is  the  group  of  suppurative  lesions  of  the  lung  occurring 
as  metastatic  vascular  lesions  during  the  course  of  a  pyemia.  These 
usually  form  small  multiple  foci  in  vascular  segments  of  the  lung.  Larger 
"septic  infarcts"  ma}'  be  found  in  cases  of  suppurative  thrombophlebitis, 
such  as  in  cavernous  sinus  thrombosis.  One  case  occurred  during  the 
course  of  a  scarlet  fever  infection  with  a  positive  blood  culture  for  Strepto- 
coccus hemolyticus  and  a  metastatic  lung  lesion  and  empyema. , 

Pathogenesis.  In  the  necrosuppurative  cases,  the  involvement  of  the 
bronchopulmonary  segments  and  the  substantial  size  of  the  lesions  suggest 
a  bronchogenic  origin,  with  aspiration  and  bronchial  occlusion  causing  the 
development  of  the  lesion.  However,  there  is  as  yet  no  direct  proof  for 
this  theory.  In  the  simple  suppurative  cases  the  problem  of  the  patho- 
genesis is  even  more  unsettled,  its  solution  depending  primarily  upon  the 
solution  of  the  mode  of  origin  of  bronchopneumonia  in  general. 

The  pathogenesis  of  the  metastatic  vascular  suppurative  lesions  is  clear 
and  requires  no  further  discussion  here. 
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CLINICAL  FEATURES,   COURSE  AND  CO:\IPLICATIOXS  OF 
SUPPURATIVE  BRONCHOPNEUMONIA  IN  CHILDREN 

HERMAN  HENNELL,  M.D. 

The  clinical  manifestations  of  suppurative  bronchopneumonia  are  fever, 
cough,  and,  in  older  children,  expectoration  of  purulent  sputum.  The 
clinical  course  varies  considerably  in  its  severity  and  may  result  either  in 
earh'  spontaneous  cure  or  in  spread  to  other  parts  of  the  lungs  with  one  of 
three  possible  issues:  1)  Eventual  recovery;  2)  chronic  state  with  bron- 
chiectasis; and  3)  fatal  outcome.  The  most  important  complications  are 
aerobic  pulmonary  abscess  and  pleural  involvement  with  empyema  or 
pj'opneumothorax.  These  complications  may  dominate  the  clinical 
picture  and  determine  the  final  issue. 

From  a  clinical  point  of  view  it  will  be  advisable  to  classify'  the  cases 
in  three  main  groups  and  to  note  their  essential  features. 

L  In  the  first  group  are  included  those  cases  in  which  the  clinical  mani- 
festations, the  blood  picture,  and  even  the  x-ray  findings  do  not  differ  in 
any  significant  way  from  those  observed  in  ordinary  bronchopneumonia. 
That  this  type  exists  has  been  revealed  by  post-mortem  findings  when 
patients  died  from  a  serious  extrathoracic  complication,  such  as  otitic 
sepsis,  occurring  in  the  course  of  what  A\  as  believed  to  be  an  ordinary 
bronchopneiunonia.  At  necropsy  the  lungs  showed  evidence  of  moder- 
ately severe  suppurative  disease  in  the  bronchi  and  pulmonary  parenchj'ma, 
including  numerous  small  pulmonary  abscesses.  The  majority  of  these 
cases  progress  to  spontaneous  recovery,  occasionally  after  a  somewhat 
prolonged  course  characterized  by  slow  resolution. 

2.  The  second  group  is  characterized  b}'  a  severe  and  prolonged  clinical 
course  with  a  tendency  of  the  disease  to  spread  to  new  parts. 

The  fever  is  usually  high,  occasionally  remittent,  and  may  last  many 
weeks.  Exceptional!}'  the  fever  curve  may  be  remarkably  low  in  com- 
parison with  the  marked  extent  and  severity  of  the  process  as  disclosed 
by  the  roentgen  film. 

The  cough  too  is  of  considerable  severity  in  the  majoritj'  of  cases.  In 
older  children  it  is  usually  productive  of  purulent  sputum  in  variable 
amounts. 

There  is  nothing  characteristic  about  the  blood  count  except  for  the  fact 
that  not  infrequently  the  leucocyte  count  is  below  10,000  in  the  presence 
of  a  clinically  severe  pyogenic  infection. 

The  physical  signs  are  not  unusual.  Occasionally  there  may  be  a  marked 
discrepancy  between  the  paucity  of  the  phj^sical  signs  and  the  large  extent 
of  the  lesion  as  depicted  by  the  roentgen  films. 
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Although  the  clinical  course  is  as  a  rule  severe,  exceptionally  it  may  be 
mild  by  comparison  with  the  marked  extent  and  severity  of  the  patholog- 
ical process.  In  many  instances  complete  recovery  takes  place  after  a 
period  of  illness  varjdng  from  several  weeks  to  two  or  three  months.  At 
times  recovery  takes  place  after  many  months  of  severe  illness  when  the 
prognosis  appeared  grave,  almost  hopeless,  during  the  earh'  acute  phase  of 
the  disease.  In  some  cases  the  clinical  course  is  one  of  sustained  severity. 
It  is  characterized  by  repeated  spreads  to  new  parts  of  the  same  or  contra- 
lateral lung,  leading  to  a  fatal  issue  after  a  short  or  long  period  of  time. 
In  another  appreciable  percentage  of  cases  complete  recoverj'  does  not 
take  place  and  a  state  of  chronic  bronchiectasis  supervenes.  Probably 
many  of  the  children  with  chronic  bronchiectasis  had  this  type  of  suppura- 
tive bronchopneumonia  as  the  underljdng  disease. 

In  this  connection  one  sub-group  deserves  particular  consideration.  I 
am  referring  to  those  cases  of  suppurative  bronchopneumonia  in  which 
atelectasis  plays  an  important  role.  The  pneumonic  process  is  usuallj' 
confined  to  one  lobe  and  occasionally  to  one  bronchopulmonary  segment, 
i.e.,  a  portion  of  one  lobe.  Early  in  the  course  of  the  disease  the  involved 
lobe  becomes  smaller  in  size.  This  may  be  recognized  clinically  hy  abrupt 
changes  in  the  physical  signs.  The  most  significant  of  these  signs  are 
displacement  of  the  mediastinal  structures  to  the  involved  side  and  marked 
increase  in  dullness  with  diminished  breath  sounds.  The  roentgen  ex- 
amination, including  lateral  views,  is  particularly  helpful  in  establishing 
the  diagnosis. 

The  importance  of  this  clinical  subgroup  lies  in  the  fact  that  unless 
resolution  is  earlj-  and  complete  an  interstitial  fibrosis  develops  and  the 
involved  lobe  remains  permanenth^  shrunken.  The  stage  is  then  set  for 
the  development  of  bronchiectasis.  The  chronic  pneumonitis  with  per- 
sistent infection  will  result  in  injury  to  the  bronchial  wall  and  to  the 
pulmonary  parenchyma.  It  will  also  produce  marked  changes  in  the 
relationship  between  the  intra-  and  extra-bronchial  pressure.  These 
are  the  essential  factors  in  the  pathogenesis  of  bronchiectasis. 

3.  The  third  group  comprises  those  cases  of  suppurative  bronchopneu- 
monia in  which  the  important  surgical  complications  dominate  the  picture, 
namely,  aerobic  pulmonary  abscess  and  pleural  involvement  with  em- 
pyema or  pyoneumothorax. 

In  this  group  are  included  those  cases  in  which  aerobic  abscess,  single 
or  multiple,  is  of  substantial  size,  and  the  associated  bronchopneumonia  is 
relativelj^  unimportant.  In  these  cases  surgical  intervention  at  the 
optimum  time  may  be  required.  In  this  group  are  not  included  those 
cases  of  suppurative  bronchopneumonia  in  which  numerous  small  areas  of 
purulent  softening  takes  place  in  the  midst  of  the  pneumonic  process. 
These  small  pulmonary  abscesses  are  too  numerous  to  be  susceptible  of 
successful  surgical  drainage. 
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There  is  nothing  characteristic  in  the  chnical  features  of  aerobic  pul- 
monary abscess.  ThcMc  is  no  chnical ly  recognizable  phase  of  transition 
when  suppurative  bronchopneumonia  becomes  aerobic  pulmonarj'  abscess. 
The  increasing  se\'erit.y  of  the  chnical  course  is  only  suggestive.  The 
physical  signs  are  of  little  or  no  help.  It  is  only  with  the  aid  of  the  roentgen 
examination  that  this  complication  can  be  recognized. 

The  advent  of  a  severe  pleural  complication  is  usually  disclosed  by  a 
dramatic  change  in  the  clinical  picture  with  severe  chest  pain,  marked 
dyspnea  and  great  increase  in  toxemia  as  the  outstanding  .symptoms. 
This  is  particularly  true  in  younger  infants  when  a  tense  pyothorax  or 
pj'opneumothorax  develops  suddenly  as  a  result  of  rupture  of  a  suppiu'ative 
pulmonary  focus.  One  would  think  that  this  complication  could  be 
diagnosed  not  only  by  the  sudden  change  in  the  clinical  condition  of  the 
patient  but  also  by  the  physical  findings  which  one  would  expect  to  be 
quite  striking,  namely,  limited  motion  and  prominence  of  the  involved 
hemithorax,  percussion  hyperresonance  suggesting  a  tense  pneumothorax, 
flatness  due  to  massive  effusion,  shifting  dullness  at  the  base  and  a  suc- 
cussion  splash  indicative  of  fluid  and  air,  displacement  of  the  mediastinal 
structures  to  the  uninvolved  side  due  to  the  massive  accumulation  of  air 
or  fluid.  Surprisingly  enough  one  rarely  gets  these  classical  signs  of 
empyema  or  pyopneumothorax  because  the  pleural  involvement  is  often 
circumscribed.  Accordingly  the  roentgen  examination  is  invaluable  in 
the  diagnosis  of  this  condition.  The  importance  of  promptly  recog- 
nizing this  complication  is  obvious  since  it  requires  immediate  surgical 
intervention. 
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As  may  be  inferred  from  the  description  of  the  pathologj-  of  suppurative 
bronchopneumonia  and  its  compUcations  and  sequelae,  the  roentgen 
picture  of  this  disease  is  a  varied  one.  The  roentgen  film  of  the  chest  may 
depict  the  following: 

1.  Interstitial  infiltrations  about  the  bronchi,  blood  vessels  and  inter- 
lobular septa. 

2.  Homogeneous  densities  either  single  or  multiple,  of  lobular,  seg- 
mental, or  lobar  distribution. 

3.  Changes  indicating  the  presence  of  focal,  segmental,  or  lobar  ate- 
lectasis or  emphysema. 

4.  Multiple  areas  of  rarefaction  indicating  the  presence  of  a  destructive 
process  Avithin  the  lung  or  bronchi. 

5.  Single  abscess  ca\-ities  of  var^-ing  size. 

6.  Collections  of  fluid  or  of  fluid  and  air  within  the  pleural  ca^'ity  which 
obscure  the  intrapulmonar\'  changes. 

Perhaps  the  most  common  form  of  the  disease  is  the  simple  U'pe  of 
suppiu-ative  bronchopneumonia.  In  this  type  no  e^-idence  of  a  destructive 
lesion  is  seen  on  roentgen  examination  and  the  disease  cannot  be  differ- 
entiated roentgenologically  from  other  forms  of  bronchopneumonia. 
The  usual  form  is  that  which  shows  itself  on  the  roentgen  film  as  an  increase 
in  the  density  of  the  pulmonary-  markings  in  one  or  more  portions  of  the 
pulmonarA-  field  accompanied  by  faint  interstitial  infiltrations.  The 
suppurative  process  in  these  cases  is  chiefly  confined  to  the  bronchial  walls, 
and  the  exaggeration  of  the  pulmonarj'  markings  and  the  fine  streaks  and 
occasional  tiny  nodules  that  are  ^^sible  on  the  film  represent  the  infiltration 
of  the  peribronchial  tissue  with  e.\ten.sion  into  interlobular  .septa.  In 
this  tj-pe  of  the  disease,  local  areas  of  atelectasis  and  emphysema  may 
become  manifest,  producing  small  faint  shadows  demarcated  within  the 
pulmonar}-  field  by  the  adjacent  darker  h\-peraerated  lung.  Where  the 
areas  of  atelectasis  are  dependent  upon  the  obstruction  of  very  small 
bronchi  by  purulent  exudate,  short,  horizontal  or  obUque  shadows  may  be 
seen.  These  are  the  Fleischner's  fines  which  one  sees  much  more  fre- 
quently in  adults  than  in  children. 

At  any  time  dining  the  course  of  the  disease,  a  larger  area  of  puhnonan.' 
tissue,  a  segment,  or  even  an  entire  lobe  of  the  lung  may  suddenly  become 
atelectatic.    This  maj'  be  manifested  roentgenologically  by  the  appearance 
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of  a  homogeneous  density  over  the  affected  area  accompanied  by  an 
elevation  of  the  diaphragm  on  that  side  and  a  shift  of  the  mediastinal 
structures  to  the  side  of  the  lesion.  The  interlobar  fissures  become  dis- 
placed considerably,  and  in  the  case  of  lower  lobe  atelectasis  the  long 
fissure  may  form  the  hypotenuse  of  a  rather  small  triangle  representing 
collapsed  lung  in  the  cardiophrenic  angle  on  the  right  side,  and  behind  the 
heart  on  the  left.  Conversely,  an  entire  lobe  may  become  emphysematous 
as  the  result  of  a  partial  obstruction  of  its  bronchus  by  exudate,  and  this 
voluminous  lobe  may  depress  the  diaphragm  and  displace  the  mediastinal 
structures  toward  the  opposite  side. 

The  presence  of  these  changes,  atelectasis  and  emphysema,  is  the  result 
of  bronchial  obstruction  by  tenacious  exudate  and,  in  conjunction  with  a 
bronchopneumonia,  always  suggests  that  the  pneumonia  is  of  a  suppurative 
type.  In  the  absence  of  these  changes,  the  suspicion  of  the  presence  of  the 
simple  type  of  suppurative  bronchopneumonia  may  be  raised  because  of 
the  failure  of  the  lesion  to  resolve  within  the  customary  length  of  time. 
The  persistence  of  the  bronchial  component  of  the  infection  may  lead  to 
a  weakening  of  the  bronchial  walls  sufficient  to  produce  bronchiectasis. 
The  bronchiectasis  that  occasionally  results  from  this  simple  form  of  the 
disease  is  of  the  cylindrical  or  varicose  variety,  and  usually  can  be  diag- 
nosed only  after  examination  following  the  injection  of  iodized  oil.  The 
ordinary  roentgen  film  shows  only  an  exaggeration  of  the  pulmonary  mark- 
ings, which  maj'  be  drawn  together  as  the  result  of  partial  atelectasis, 
and  faint  interstitial  infiltrations,  indicating  the  presence  of  a  chronic 
interstitial  inflammatory  process. 

The  more  severe  and  more  destructive  form  of  suppurative  broncho- 
pneumonia, which  has  been  termed  necrosuppurative  bronchopneumonia 
(Neuhof)  manifests  itself  roentgenologically,  at  the  outset,  by  the  presence 
of  one  or  more  irregularly  defined  areas  of  homogeneous  con.solidation  of 
the  lung.  The  shadows  usually  are  massive  and  of  a  blotchy  appearance, 
rather  than  in  the  form  of  exaggerated  pulmonary  markings  and  of  fine 
streak-like  and  nodular  shadows.  They  may  be  scattered  throughout 
the  lungs  but  are  often  confined  to  one  lobe  where  they  ma}'  coalesce 
to  form  a  large  area  of  confluent  bronchopneumonia.  Not  infrequently 
a  homogeneous  density  occurs  in  only  one  segment,  to  which  the  disease 
may  be  confined  throughout  its  cour.se  or  from  which  it  ma}'  spread  to 
other  parts  of  the  limg.  In  any  case,  the  destructive  proce.ss  may  manifest 
itself  by  the  occurrence  of  one  or  more  areas  of  rarefaction  within  the 
lesion,  recognizable  b}'  the  presence  of  a  more  or  less  irregular  area  of  radio- 
translucency  within  the  otherwise  homogeneous  shadow.  Difficulty  is 
often  experienced  in  differentiating  such  areas  of  rarefaction  due  to  de- 
struction of  tissue,  from  the  areas  of  radio-translucency  that  occur  during 
the  resolution  of  a  lobar  pneumonia  or  simple  bronchopneumonia.  The 
sharply  defined  edges  of  the  area  of  rarefaction  within  the  dense  shadow 
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of  the  consolidated  lung  and  its  appearance  early  in  the  disease  make 
this  differentiation  possible.  When  a  horizontal  line  of  a  level  of  fluid 
is  present  at  the  base  of  the  rarefied  area,  the  presence  of  a  destructive 
lesion  rather  than  of  an  area  of  resolution  becomes  certain. 

The  cavities  may  coalesce  to  form  a  single  large  one  or  a  large  single 
cavity  may  be  manifest  at  the  outset.    It  may  or  may  not  present  a  fluid 


Fig.  1.  A.  Dense  shadow  of  pneumonic  infiltration. 

B.  Same  case  several  days  later  with  areas  of  rarefaction  in  the  pneumonic  zone 
as  well  as  pleural  invasion. 

level,  and  although,  at  times,  the  inner  wall  of  the  cavity  is  smoothly 
outlined,  it  is  often  irregular,  presenting  a  clover-leaf  or  totally  irregular 
circumference.  As  the  cavity  develops,  the  infiltration  of  the  lung  often 
recedes,  leaving  the  picture  of  a  well  localized  cavity  with  a  well  walled- 
off  inflammatory  zone,  thus  constituting  the  picture  of  a  true  abscess 
cavity.    (The  appearance  of  such  a  cavity  without  any  fluid  within  it  is 
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in  sharp  contia-distinction  to  the  cavity  that  occurs  in  putrid  abscess  of 
the  king  which  practically  ahvaj's  shows  a  fluid  level  at  the  stage  when  the 
aerated  cavity  can  be  seen  roentgenologically).  These  cavities,  particu- 
larly those  that  are  devoid  of  exudate  within  them,  may  rapidly  become 
small  and  disappear  within  a  very  short  time,  possibly  because  of  closure 


Fig.  2.  A.  Widespread  areas  of  necrosuppurative  bronchopneumonia  with  mul- 
tiple fluid  levels. 

B.  Unsuspected  areas  of  pulmonary  destruction  in  the  midst  of  a  pneumonic 
process  with  pleural  extension. 

of  the  bronchus  leading  into  them,  and  conversely  they  may  increase 
rapidly  in  size  in  spite  of  the  fact  that  the  surrounding  infilti'ation  ab- 
sorbs. Simultaneous  with  the  increase  in  the  size  of  the  cavity,  its  walls, 
which  previously  appeared  irregular  may  become  perfectly  smooth  and 
round.    An  explanation  for  this  course  of  events  is  to  be  found  in  the  as- 
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sumption  of  a  valve-like  mechanism  formed  by  exudate  partiallj'  occlud- 
ing the  bronchus  entering  the  cavity. 

In  rare  instances,  particularly  in  the  case  of  the  larger  "balloon"  cavities, 
the  cavity  within  the  lung  may  persist  indefinitely  in  spite  of  the  complete 
or  almost  complete  elimination  of  the  infection.  The  persistent  cavity 
appears  roentgenologicallj'^  as  a  thin  circular  or  oval  annular  shadow  w  hich 
can  be  filled  with  iodized  oil  and  thus  demonstrated  to  be  a  real  cavity 
within  the  lung.  Such  lesions  are  often  called  air  cysts  and  have  often 
been  considered  as  congenital  lesions,  particularh'  in  those  cases  in  which 
the  initial  infection  occurred  during  infancy  and  which  the  patient  cannot 
recall. 

Either  the  single  abscess  cavity  or  the  smaller  areas  of  suppuration  may 
be  complicated  by  a  pleural  effusion  or  a  pj'opneumothorax  which  ob- 


FiG.  3.  Pulmonary  abscess  of  the  middle  lobe  in  a  preexisting  area  of  necro- 
suppurative  bronchopneumonia.    Sympathetic  pleural  effusion. 

scures  the  further  course  of  the  disease  in  the  underlying  lung.  ^^Tien  the 
effusion  is  not  large  enough  to  produce  a  complete  collapse  of  the  lung; 
the  shadows  in  the  lung  may  be  sufficiently  characteristic  to  permit  recog- 
nition of  the  underlying  cause  of  the  pleural  infection. 

In  those  cases  in  which  multiple  small  areas  of  suppuration  occur  within 
the  lung  parenchj'ma,  sacculated  bronchiectases  may  appear  and  remain 
permanently^,  albeit  in  some  cases  the  infection  may  have  subsided  and  the 
patient  become  symptom-free.  In  a  large  percentage  of  these  cases  of 
sacculated  bronchiectasis,  either  moist  or  dry,  the  affected  lobe  is  ate- 
lectatic. The  atelectasis,  in  these  cases,  occurs  in  the  acute  stage  of  the 
disease  and  presumably  is  caused  at  that  time  by  bronchial  obstruction. 
The  affected  lung  remains  collapsed  permanenth'  either  because  its  lung 
tissue  has  been  destroyed,  or  because  the  fibrous  tissue  deposited  during 
the  course  of  organization  of  the  exudate  has  prevented  reexpansion. 


TREATMENT  OF  ACUTE  SUPPURATIVE  BRONCHO- 
PNEUIMOXIA  IX  CHILDREN 


GEORGE  J.  GINANDES,  IM.D. 

Although  acute  suppurative  bronchopneumonia  may  be  divided  into 
thi-ee  convenient  cHnical  groups,  no  sharp  lines  of  demarcation  can  actually 
be  drawn.  The  treatment  of  the  first  two  groups  is  essentially  medical. 
The  cases  differ  from  each  other  mainly  in  the  severity  of  the  process. 
Group  1  is  the  mildest  group.  It  comprises  those  cases  which  resemble  an 
ordinary  bronchopneumonia,  and  the  treatment  is  essentially  the  same. 
Comment  will,  therefore,  be  restricted  to  the  more  important  therapeutic 
measures. 

Specific  Therapy.  This  includes  chemotherapy  and  serum  therapy. 
Our  experience  with  chemotherapj-  and  that  reported  in  the  literature  have 
shown  that  the  sulfonamid  drugs  have  a  broad  range  of  usefulness  and  a 
wide  margin  of  safety.  The  selective  effectiveness  of  these  drugs,  their 
dosage  and  the  modes  of  administration  are  well  known. 

We  have  been  using  .2  gram  per  kilogram  of  body  weight  in  divided 
doses  over  a  period  of  24  hours  when  administering  sulfanilamide  and 
sulfapyridine.  Sulfathiazole  has  been  used  in  doses  up  to  .4  gram  per 
kilogram.    These  doses  give  a  satisfactory'  concentration  in  the  blood. 

The  period  of  administration  is  determined  by  the  effect.  If  resolution 
is  progressing  and  the  temperature  is  down,  the  drug  is  discontinued  after 
a  few  daj^s.  If  resolution  has  not  occurred,  but  the  toxic  symptoms  and 
the  clinical  condition  seems  to  be  favorably  influenced  by  the  drug,  it  is 
continued.  This  may  be  a  matter  of  a  few  day's  or  even  weeks.  When  the 
progress  of  the  disease  is  unaffected  and  the  patient  fails  to  respond  to  one 
drug,  another  derivative  is  tried.  This  is  especially  important  if  reculture 
demonstrates  a  change  in  the  predominating  organism. 

The  importance  of  bacteriologic  studies  in  the  light  of  this  newer  therapy 
cannot  be  overemphasized.  Cultures  of  the  sputum  and  the  blood,  and 
tj'ping  should  be  performed  whenever  possible  before  the  drugs  are  ad- 
ministered, since  then-  use  makes  the  isolation  of  the  organism  increasingly 
difficult.  Needless  to  say,  the  patient  should  be  closely  watched  for  toxic 
symptoms  due  to  the  drug.    These  symptoms  are  now  well  known. 

Although  the  number  of  cases  in  our  series  treated  with  the  sulfonamid 
drugs  is  as  yet  too  small  to  permit  us  to  draw  conclusions,  our  experience 
has  been  encouraging  and  we  beUeve  that  selective  chemotherapy  should 
be  vigorously  tried  in  all  cases  of  acute  suppurative  bronchopneumonia. 

As  for  serum  therapy,  we  have  had  little  e.xperience  with  the  use  of 
specific  serum.  We  have  used  serum,  when  available,  in  cases  where 
chemotherapy  failed  to  influence  a  persistently  positive  blood  culture  or 
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where  contraindications  to  chemotherapy  were  present  or  developed,  such 
as  renal  damage,  severe  anemia,  agranulocytosis  or  other  sjTnptoms  of 
drug  toxicity.  From  the  experience  of  others,  it  would  appear  reasonable 
to  trj'  combined  treatment  with  serum  and  chemotherapy  in  debilitated 
patients  or  in  severe  cases  with  bacteremia. 

Supportive  Measures.  These  are  no  less  important  than  specific  meas- 
ures. Rest,  the  judicious  use  of  sedatives  and  stimulants,  relief  of  ab- 
dominal distension,  and  the  maintenance  of  adequate  tissue  hydration  by 
parenteral  route  if  necessary,  need  onh'  be  mentioned. 

Transfusion  as  a  form  of  therapy  should  be  stressed.  A\Tien  the  disease 
is  severe,  the  child  toxic  or  anemic  or  when  nutrition  is  depleted,  repeated 
small  transfusions  of  whole  blood  or  plasma  have  been  especially  helpful. 
\Mien  the  red  cell  count  and  hemoglobin  are  high,  a  plasma  transfusion 
maj'  be  of  aid  in  replacing  protein  and  maintaining  circulatory  volume. 
Transfusions  have  been  of  particular  value  in  offsetting  the  hemolytic 
and  anti-regenerative  influence  of  the  sulfonamid  di'Ugs  on  the  blood- 
forming  organs.  We  have  not  infrequently  been  impressed  by  a  sudden 
di'op  in  temperature  and  an  improvement  in  the  general  condition  of  a 
patient  following  a  small  transfusion.  The  amount  of  blood  given  in  a 
single  transfusion  may  vary  from  50  to  75  cc.  in  an  infant  and  from  200 
to  250  cc.  in  an  older  child.  Here,  as  in  the  case  of  parenteral  fluids,  the 
rate  of  administration  must  be  slow  and  the  drip  method  is  preferable. 

The  early  use  of  oxygen  should  be  emphasized.  ^Vhen  cj'^anosis  appears, 
when  respiration  is  labored  or  unduly  rapid,  or  when  the  circulation  is 
embarrassed,  ox3'gen  is  of  paramount  value.  We  rely  on  the  oxygen 
tent  as  a  mainstaj^  in  the  treatment  of  these  cases  and  we  use  it  early  and 
freely.  Where  the  sulfonamid  drugs  obscure  the  interpretation  of  the 
cyanosis,  we  give  the  patient  the  benefit  of  the  doubt  and  use  oxygen. 

The  majority  of  the  cases  in  the  first  group  go  on  to  complete  resolution 
after  a  period  of  convalescence  which  is  usually  longer  than  in  the  ordinarj^ 
bronchopneumonia.  This  process  may  extend  over  weeks  or  even  months 
in  severe  cases.  It  is  important  to  maintain  an  adequate  nutrition,  in- 
cluding a  high  vitamin  intake,  throughout  the  period  of  convalescence. 
A  change  to  a  less  rigorous  climate,  when  con\'alescence  is  slow,  often 
faciUtates  recover3\ 

In  the  second  group  are  included  the  severe  cases  which  are  apt  to  run  a 
violent  and  prolonged  course,  with  a  tendency  to  a  spread  of  the  disease 
to  new  parts.  The  treatment  of  this  group  is  identical  with  that  just 
described,  but  the  severity  of  these  cases  demands  more  ^'igorous  and  more 
persistent  use  of  all  the  available  measures.  In  addition,  there  are  a  few 
procedures  which  should  be  mentioned  in  connection  with  these  severe 
cases. 

Pneumothorax.  The  use  of  pneumothorax  therapy  in  certain  selected 
cases  of  atelectatic  bronchopneumonia  is  worth  noting.  Pneumothorax 
therapy  may  nullify  an  otherwise  compromising  shift  of  the  mediastinum. 
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It  may  facilitate  resolution  of  a  persistent  pneumonitis  and  neutralize 
the  effect  of  an  increasing  negative  pressui'e  on  damaged  bronchi  and  lung 
tissue,  thus  possibly  preventing  the  development  of  bronchiectasis  and 
fibrosis. 

Bronchoscopy.  This  is  of  value  for  differential  diagnosis  and  for  the 
removal  of  a  suspected  foreign  body.  We  reserve  bronchoscopy  for  these 
indications  and  do  not  use  it  routinely  in  treatment. 

Despite  all  these  measures,  the  outlook  in  the  group  of  severe  suppurative 
bronchopneumonia  is  problematic.  Some  of  the  children  fail  to  respond 
and  die  of  a  diffuse  pneumonitis  with  multiple  lung  abscesses.  A  number 
of  them  develop  chronic  bronchitis  and  bronchiectasis  and  are  subject  to 
recurrent  attacks  of  bronchopneumonia.  Still  others  have  a  persistent 
chronic  pneumonitis  and  fibrosis.  A  certain  percentage  of  this  group, 
however,  despite  a  long  stormy  course  lasting  weeks  or  even  months,  will 
go  on  to  complete  resolution  without  apparent  residual  symptoms. 

^Vhereas  the  management  of  the  first  two  groups  described  is  essentially 
medical,  treatment  of  the  third  group  is  essentially  surgical.  This  group 
includes  the  cases  that  develop  lung  abscesses  or  pleural  complications. 

In  those  cases  that  develop  single  or  multiple  limg  abscesses,  the  under- 
Ijang  pneumonic  process  also  requires  medical  treatment.  However, 
timelj'  surgical  intervention  may  avert  the  extension  of  the  process  as 
well  as  serious  pleural  complications.  One  thing  that  should  be  em- 
phasized is  the  fortunate  tendency  for  spontaneous  resolution  of  aerobic 
lung  abscesses  in  children.  This  has  been  brought  strikinglj^  home  to  us 
in  the  past  few  years,  when  we  have  seen  several  such  cases  weather  a 
serious  course  and  accomplish  extraordinary  repair  of  multiple  lung 
abscesses. 

The  pleural  complications  that  may  appear  in  the  course  of  a  sup- 
purative bronchopneumonia  may  occur  suddenly  or  may  develop  in- 
sidioush',  and  must  be  constantly  watched  for.  When  the  onset  is  acute 
and  a  tense  empyema  or  pj'opneumothorax  develops,  the  indications  for 
surgical  di-ainage  are  urgent.  Where  the  onset  is  more  insidious  and  less 
di"amatic,  adequate  and  prompt  surgery  is  no  less  important.  Although 
the  medical  management  of  the  underlying  suppurative  bronchopneumonia 
must  not  be  neglected,  the  proper  and  timely  surgical  treatment  of  em- 
pyema and  pyopneumothorax  may  result  in  complete  cure.  To  accom- 
phsh  this,  early  and  close  collaboration  between  the  pediatrician  and  the 
surgeon  is  of  paramount  importance.  Unnecessarj-  temporizing,  repeated 
Potain  aspirations  and  syringe  drainage,  although  occasionally  successful, 
may  be  responsible  for  loculation  and  the  development  of  chronic  empyema. 

In  conclusion,  in  the  management  of  all  the  varieties  of  suppurative 
bronchopneumonia,  the  importance  of  specific  and  supportive  measures 
must  be  emphasized.  It  should  be  remembered,  however,  that  those 
phases  of  the  disease  that  are  dominated  by  complications  are  essentially 
surgical  problems  and  must  be  treated  as  such. 


THE  TREATMENT  OF  AEROBIC  PULMONARY  ABSCESS 


ARTHUR  S.  W.  TOUROFF,  M.D. 

Aerobic  (non-putrid)  pulmonary  abscess,  a  not  infrequent  complication 
of  necrosuppurative  bronchopneumonia,  occurs  essentially  in  two  forms, 
i.e.,  "interstitial"  and  "segmental."  "Interstitial"  abscesses  usuallj' 
present  as  multiple  lesions  of  small  size  (about  J  of  an  inch  or  less  in  di- 
ameter) scattered  throughout  the  area  of  pre-existing  necrosuppurative 
bronchopneumonia.  Their  presence  ordinarily  does  not  result  in  clinical 
or  therapeutic  features  which  differ  from  those  of  the  antecedent  pneu- 
monic process.  If  such  a  lesion  should  perforate  into  the  pleura,  however, 
the  clinical  manifestations  and  treatment  become  those  of  the  resulting 
pleural  infection.  By  contrast,  "segmental"  abscess  is  most  often  a  soUtary 
lesion  of  substantial  size  (1  to  4  inches  in  diameter)  which  usually  occupies 
much  or  all  of  a  broncho-pulmonary  segment.  Henceforth,  our  discussion 
shall  be  confined  solely  to  abscesses  of  this  tj-pe. 

The  conversion  of  an  area  of  necrosuppurative  bronchopneumonia  into 
an  aerobic  "segmental"  pulmonary  abscess,  may  take  place  slowl}' 
or  rapidl}'.  Furthermore,  the  process  of  cavitation  may  in^•olve  little,  or 
almost  all,  of  the  area  of  pre-existing  necrosuppurative  bronchopneumonia. 
Thus,  there  ma}-  be  no  clearly  definable  dividing  line,  either  pathologically 
or  clinically,  between  the  termination  of  necrosuppurative  broncho- 
pneumonia and  the  beginning  of  pulmonary  abscess,  for  the  two  may^ 
and  often  do,  co-exist. 

The  treatment  of  aerobic  "segmental"  pulmonary-  abscess  may  be  either 
medical  or  surgical  depending  upon  the  precise  nature  of  the  lesion  in 
question.  The  non-surgical  treatment  is  precisely  the  same  as  that  of 
the  antecedent  or  coexisting  pneumonic  process  and,  therefore,  will  not 
be  described.  It  should  be  mentioned  in  passing  that  we  have  not  found 
postural  or  bronchoscopic  drainage  of  definite  value  and  do  not  emploj' 
them.  The  indications  for  operative  treatment  in  cases  of  aerobic  pul- 
monary abscess  are  less  precise  and  clean-cut  than  in  cases  of  anaerobic 
(putrid)  abscess.  The  reasons  for  this  are  ob\dous  if  one  recalls  that  a 
putrid  abscess  is  a  well-encapsulated  lesion  while  an  aerobic  abscess  not 
infrequentl}''  consists  of  a  collection  of  pus  in  the  midst  of  an  extensive 
area  of  necrosuppurati^'e  bronchopneumonia.  Thus,  prompt  cessation 
of  sjTTiptoms  is  the  rule  following  evacuation  of  anaerobic  abscess  while 
little  amelioration  of  s^Tnptoms  may  be  noted  following  operation  in 
certain  cases  of  aerobic  abscess.  -Another  reason  for  difficulty  in  formu- 
lating operative  indications  in  cases  of  aerobic  abscess  is  the  great  tendency 
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toward  spontaneous  recession  of  even  large  lesions.  Therefore,  a  more 
conservati\'e  attitude  toward  operative  treatment  exists  in  cases  of  aerobic 
as  compared  with  anaerobic  abscess. 

For  purposes  of  surgical  consideration,  cases  of  aerobic  abscess  may  be 
divided  into  three  main  types  as  follows:  1)  Pulmonary  excavation  in  the 
midst  of,  and  merely  an  incidental  part  of,  an  extensive  area  of  necro- 
suppurative  bronchopneumonia;  2)  pulmonary  excavation  as  a  predomi- 
nant lesion,  but  surrounded  by  a  considerable  area  of  necrosuppurative 
bronchopneumonia;  and  3)  "typical"  pulmonary  abscess  in  which  the 
excavation  is  surrounded  by  only  a  narrow,  sharply-hmited  zone  of  pul- 
monary infiltration.  Necrosuppurative  bronchopneumonia  may  involve 
several  areas  of  the  lung  and  even  the  opposite  lung,  concomitantly  or  in 
sequence.  Since  each  of  these  areas  may  undergo  cavitation,  multiple 
"segmental"  abscesses  of  the  thi-ee  types  previously  described  may  be 
present  in  any  combination.  While  each  case  must  be  considered  in- 
dividually, certain  general  rules  appl}'  in  the  selection  of  therapy.  These 
may  be  summarized  as  follows:  1)  In  cases  in  which  a  pulmonary  excava- 
tion, whether  large  or  small,  lies  in  the  midst  of  an  extensive  area  of  necro- 
suppurative bronchopneumonia,  the  treatment  in  general  is  non-surgical; 
2)  in  cases  in  w'hich  multiple  lesions  are  present,  the  treatment  in  general 
also  is  non-surgical;  3)  in  cases  in  which  "typical"  pulmonary  abscess 
surrounded  by  a  narrow  zone  of  pulmonary  infiltration  is  present  the 
treatment  may  be  surgical. 

In  "typical"  cases  of  aerobic  pulmonary  abscess,  the  collection  of  pus 
is  essentially  monolocular  although  at  times  the  cavity  may  contain 
recesses.  Because  of  the  fact  that  a  broncho-pulmonary  segment  is 
involved,  the  peripheral  portion  of  the  abscess  cavity  usually  is  situated 
quite  superficiallj^  beneath  the  surface  of  the  lung  (at  a  depth  usually  not 
exceeding  I  of  an  inch  or  |  of  an  inch).  The  shell  of  lung  overlying  the 
lesion  in  this  area  is  compressed  and  avascular,  and  is  united  to  the  parietal 
pleura  by  dense  adhesions.  The  cavity  may  be  filled  with  pus  and  air  in 
\  arying  amounts  depending  on  the  degree  of  spontaneous  drainage  taking 
place  by  way  of  the  communicating  bronchus  or  bronchi.  The  foregoing 
characteristics  make  such  lesions  amenable  to  surgical  treatment  and 
give  reasonable  assurance  that  if  operation  is  canied  out  properly,  a  satis- 
factory result  may  be  anticipated.  Because  of  the  fact  that  a  certain 
proportion  of  such  lesions  may  subside  spontaneously,  however,  operation 
is  not  recommended  in  all  cases  but  is  reserved  for  those  in  which  the 
clinical  course  is  severe  or  those  in  which  the  Ie.sion  is  enlarging  or  remains 
stationary  over  a  period  of  several  weeks.  There  are  two  other  operative 
indications  which  we  recognize  in  cases  of  aerobic  abscess.  These  are: 
1)  Impending  perforation  of  the  lesion  into  the  pleura  as  indicated  by  the 
clinical  course  and  roentgen  examination;  and  2)  actual  perforation  of  the 
lesion  into  the  pleura  with  the  de\-elopment  of  intra-pleural  suppuration. 
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The  operation  which  we  employ  in  cases  of  unperf orated  abscess  consists 
of  a  one-stage  procedure  in  which  the  abscess  cavity  is  evacuated,  un- 
roofed and  packed  through  the  zone  of  Umiting  viscero-parietal  adhesions. 
In  order  to  perform  such  a  procedure  with  safety,  the  operative  incision 
must  be  accurately  placed  at  a  site  determined  by  careful  pre-operative 
studies  in  localization.    Only  a  short  segment  of  one  or  occasionally  two 


Fig.  1.  "Typical"  non-putrid  abscess  of  right  lower  lobe.  Note  large  size  of 
lesion  and  minimal  surrounding  pulmonary  infiltration.  Lesions  of  this  type  are 
potentially  surgical. 

ribs  is  remo\'ed,  usually  under  local  anaesthesia.  The  underhdng  viscero- 
parietal  adhesions  are  identified  and  pus  located  superficial!}^  within  the 
lung  with  the  aspirating  needle.  The  lesion  then  is  entered,  evacuated 
and  unroofed  by  partially  excising  the  overlying  lid  of  pulmonary  tissue. 
After  all  the  pus  and  detritus  have  been  removed  and  the  interior  of  the 
ca\dty  inspected,  the  latter  and  the  superficial  wound  are  packed  with 
gauze.  Postoperative  care  is  relatively  simple  and  consists  of  repacking 
the  cavitj'  lighth',  at  inter\'als  of  every  three  to  four  daj-'s  until  the  latter 
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Fig.  2.  Non-putrid  abscess  of  right  lower  lobe.  Note  extensive  area  of  pulmonary 
infiltration  (neerosuppurative  bronchopneumonia)  containing  several  small  fluid 
levels.    Lesions  of  this  type  are  non-surgical. 


Fig.  3.  Multiple  bilateral  non-putrid  abscesses.   Lesions  of  this  type  are  non-surgical. 
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is  obliterated  and  the  bronchial  fistulae  closed.  In  certain  instances  in 
which  the  cavity  is  unusuallj'  large  it  may  become  reduced  in  size  but  then 
show  no  further  tendency  to  become  obliterated.  In  such  cases  some 
type  of  plastic  closure  usually  is  necessar}-,  and  we  have  found  free  trans- 
plants of  fat  to  be  of  particular  value  in  effecting  satisfactory  obliteration. 

Since  pulmonary  abscess  complicated  by  perforation  into  the  pleura  is 
bej'ond  the  scope  of  this  presentation,  this  subject  will  not  be  discussed  in 
detail.  Attention  should  be  called,  however,  to  the  fact  that  at  times  it 
may  be  impossible  to  distinquish  clinicalh'  and  roentgenographically 
between  a  large  unperforated  pulmonary  abscess  and  an  encapsulated 
pyopneumothorax.  Under  such  circumstances,  the  patient  is  apt  to  be 
operated  upon,  because  the  lesion  is  assumed  to  be  a  pyopneumothorax. 
However,  it  may  prove,  at  operation,  to  be  an  unperforated  abscess  con- 
fined entirely  to  the  pulmonary  substance  and  for  this  reason  such  lesions 
must  be  approached  with  care  lest  the  pleura  be  accidentally  opened  and 
contaminated. 

SUMMARY 

Our  experience  ^vith  the  treatment  of  unperforated  aerobic  pulmonary 
abscess  may  be  summarized  as  follows: 

1)  All  cases  of  tj^jical  abscess  which  were  sufficiently  mild  not  to  warrant 
operative  treatment  recovered. 

2)  All  cases  of  tjTpical  acute  abscess  subjected  to  operation  recovered 
and  have  remained  well  for  periods  of  from  one  to  eight  years. 

3)  Operation  in  cases  of  pulmonary  excavation  siirroimded  by  consider- 
able area  of  necrosuppurative  bronchopneumonia  has  not  had  a  favorable 
effect  upon  the  latter,  and  at  times  appeared  to  induce  spread  of  infection, 
which  ended  fatally. 


THE  PLEURAL  COIMPLICATIOXS  OF  ACUTE  SUPPURATI\E 
AND  XECROSUPPURATIVE  BROXCHOPXEUxMOXIA 
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Because  of  pleural  invasion,  an  indication  for  surgical  treatment  may 
arise  suddenly  or  gradually,  early  or  late  in  the  course  of  suppurativ'e  or 
necrosuppurative  bronchopneumonia.  Thus,  one  may  be  forced  to  face 
the  problem  of  management  of  a  severe  pleural  infection  during  the  course 
of  a  bronchopneumonia.  The  contrast  between  this  situation  and  that  of 
empyema  complicating  ordinary  pneumonic  lesions  is  obvious.  X"ot 
only  may  the  problem  be  one  of  relieving  pleural  infection  in  the  presence 
of  acute  suppurative  bronchopneumonia,  but  frequently  there  is  also  the 
problem  of  relie\'ing  mechanical  respiratory  and  cardiac  embarrassment. 
Indeed,  relief  of  the  latter  is  sometimes  more  important  and  urgent  than 
elimination  of  the  pleural  infection. 

In  contrast  to  the  ordinary  pneumonias,  the  pleural  complication  of  the 
suppurative  bronchopneumonias  is  characterized  by  the  existence  of  a 
perforation  of  the  pulmonary  focus.  Since  necrosis  of  the  wall  of  a  bronchus 
of  varying  size  is  an  essential  feature  of  the  pathology  of  necrosuppurative 
bronchopneumonia,  a  communication  between  an  open  bronchus  and  the 
infected  pleural  space  can  be  anticipated.  The  evidence  of  a  bronchial 
opening  is  demonstrable  radiologically,  at  operation  or  after  operation, 
in  most  instances.  The  reason  for  the  inability  to  demonstrate  the  exis- 
tence of  a  perforative  lesion,  in  a  small  proportion  of  cases,  probably  lies 
in  the  fact  that  the  focus  occasionally  is  small  (rupture  of  a  so-called  cortical 
pulmonary  abscess)  or  collapses  and  then  is  obliterated  after  rupture. 

A  useful  clinical  classification  of  the  pleural  infections  has  been  found  to 
be  in  two  groups: 

L  Localized  empyema  or  pyopneumothorax.  There  usually  is  a  large 
perforation  of  a  substantial  puimonarj^  focus.  The  mediastinum  is  not 
displaced  in  most  instances.  Air  (and  consequently  fluid  level)  Is  present 
in  the  preponderance  of  cases.  Its  absence  can  be  ascribed  to  blockage 
by  purulent  exudate  of  one  or  more  bronchial  orifices  in  the  wall  of  the  pul- 
monary abscess  or  to  collapse  and  occlusion  of  the  abscess  cavit3^ 

2.  Diffuse  empyema  or  pyopneumothorax.  The  pulmonarj-  perforation 
u.sually  is  small  and  insignificant.  The  mediastinum  is  displaced  almost 
invariably'. 

As  already  indicated,  a  segmental  pulmonary  abscess,  which  always  is 
of  substantial  proportions,  is  to  be  regarded  as  the  common  cause  of 
localized  pleural  infections  (the  first  group).    Walling-off  adhesions,  de- 
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rived  chiefly  from  the  surface  of  the  pulmonary  focus,  tend  to  locaUze 
sharply  the  empyema  or  pyopneumothorax.  As  a  result  the  sj-mptoms  of 
pleural  invasion  usually  are  more  insidious  than  in  the  second  group  (the 
diffuse  infections).    Because  of  its  relatively  large  size,  the  sj-mptoms 


Fig.  1.  A.  Localized  tension  pyopneumothorax  in  an  infant.  Note  dislocation 
of  mediastinum. 

B.  Lateral  view,  same  case.  The  anterior  encapsulation  made  anterior  drainage 
imperative. 

and  roentgenographic  evidence  of  the  causative  pulmonary  abscess  may 
persist  after  a  small  perforation  into  the  pleura  has  occurred.  The  em- 
pyema or  p3^opneumothorax  may  be  of  small  size  or  may  be  situated  in 
relatively  inacces.sible  regions  such  as  the  depths  of  interlobar  fissures. 
The  roentgenological  features  of  pyopneumothorax  are  often,  but  by 
no  means  always  distinctive.    The  differentiation  between  a  pyopnevuno- 
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thorax  and  an  unperforated  pulmonary  abscess  may  be  difficult  or  even 
impossible.  Emphasis  should  be  placed  on  the  necessity  for  precise 
roentgenological  localization  of  the  pleural  infections  under  discussion  in 
order  to  render  safe  the  operative  cntrj'  of  a  small  encapsulated  empyema 
or  of  an  empj-ema  in  an  atypical  situation.  In  such  cases,  exploratory 
aspiration  should  be  performed  only  if  operation  can  be  proceeded  with 
immediately.  Since  operation  rareh'  is  urgent  in  cases  of  encapsulated 
pleural  lesions,  all  the  necessary  studies  in  advance  of  operation  can  and 
should  be  carried  out  with  careful  deliberation.    Three  features  of  the 


Fig.  4.  Lateral  view  of  pulmonary  abscess  on  the  verge  of  perforation  into  the 
interlobar  fissure.  The  differentiation  from  pyopneumothorax  is  virtually  im- 
possible. 

operative  treatment  we  advocate  may  be  stated  here.  Drainage  of  the 
pleural  collection  of  pus  should  be  established  by  means  of  a  fully  adequate 
opening.  Special  attention  should  be  given  to  encapsulations  which  are 
often  situated  in  recesses.  The  orifice  of  a  perforated  pulmonary-  abscess 
should  be  enlarged  if  found  at  operation  to  be  too  small  for  adequate 
drainage  of  the  pulmonary  focus. 

Concerning  the  second  group,  in  which  the  pulmonary  perforation  u.s- 
ually  is  insignificant  or  may  not  be  demonstrable,  an  underljing  segmental 
bronchopneumonia  appears  to  be  rare.  The  existence  of  smaller  suppura- 
tive or  necrosuppurative  foci,  not  necessarily  of  bronchopneumonic  nature 
(lymph-angitic?  vascular?  metastatic?)  must  be  postulated  in  the  pre- 
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ponderance  of  insstances  of  diffuse  pleural  infections.  Since  the  lesions 
usually  are  smaller  or  more  ill-defined  than  in  the  first  group,  limiting 
pleural  adhesions  derived  from  them  are  rarely  effective  in  confining  the 
pleural  infection.  Thus,  although  the  empj'ema  or  pyopneumothorax 
does  evolve  gradually  in  some  cases,  the  onset  often  is  abrupt,  the  evolu- 
tion of  the  empyema  or  pyopneumothorax  rapid,  and  the  clinical  course 
severe.  A  fully  de\'eloped  and  ominous  picture  may  already  be  seen  early 
in  the  course  of  the  pulmonary  infection.  I  wish  to  place  emphasis  on  the 
surgical  management  of  these  severe  cases,  for,  in  contrast  to  well-en- 
capsulated jjleural  lesions,  the  outcome  may  be  dependent  on  timeh^  and 
correct  treatment.  As  a  rule  closed  drainage  should  be  the  primary  pro- 
cedure because  of  the  virtual  absence  of  pleural  adhesions  and,  conse- 
quently, of  mediastinal  fixation.  The  point  to  be  made  is  that  early 
closed  drainage  may  be  imperative,  even  during  the  course  of  a  pneumonia, 
in  order  to  relieve  dislocation  of  the  heart  and  mediastinum  or /and  severe 
toxemia  derived  from  rapidly  increasing  pus  in  the  pleural  space.  The 
arguments  which  have  been  set  forth  elsewhere'  against  Potain  treatment, 
aspiration  and  air  replacement,  and  other  temporizing  methods  in  the 
management  of  pleural  infections,  apply  with  particular  force  to  the  severe 
cases  in  question.  Closed  drainage  alone  rareh'  suffices.  A  secondary 
open  operation  often  is  required  after  an  emergency  closed  drainage  in 
order  to  provide  drainage  of  residual  pleural  suppurative  foci,  drainage 
of  an  underlying  pulmonary  abscess,  or,  at  times,  in  order  to  close  a  large 
bronchopleural  communication.  The  prognosis  in  these  cases  of  severe 
pleural  infection,  most  frequently  seen  in  infants  and  young  children, 
depends  in  part  on  whether  the  underlying  suppurative  pulmonary  focus 
is  extensive  or  limited,  single  or  multiple,  on  whether  the  infection  of  lung 
and  pleura  is  fulminating  or  is  less  severe,  and  on  the  speed  of  evolution 
of  the  infection.  The  prognosis  also  depends  in  part  on  well  timed  and 
logically  conceived  surgical  intervention.  Tricky  procedures  which  do 
not  bear  critical  analysis  can  and  do  lead  to  occasional  or  even  to  unex- 
I^ected  recoveries,  but  consistent  worthwhile  results  can  be  anticipated 
only  upon  the  application  of  well  conceived  surgical  measures. 

*  Neuhof,  H.  and  Hirshfeld,  S.:  Suppurative  Pleuritis  in  Children.  Its  Patho- 
genesis, Diagnosis  and  Treatment.    Am.  J.  Dis.  Child.,  44  :  973-993,  1932. 
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Scurvy  due  to  Prolonged  Sippy  Diet  or  Purpura  due  to  Skeletal  Metastases 
from  Primary  Gastric  Carcinoma  of  Five  Years  Duration 

[From  the  Medical  Service  of  Dr.  George  Baehr] 

History  (Adm.  441156;  P.M.  11187).  A  forty-nine  year  old  peddler 
was  admitted  to  the  hospital  for  the  first  time  in  1934,  complaining  of 
epigastric  discomfort  and  eructations  of  ten  years  duration.  This  had 
always  been  relieved  by  alkalis.  In  1933,  one  year  before  admission,  he 
noted  weakness  and  epigastric  pain  radiating  to  the  back,  which  was  not 
relieved  by  eating.  He  was  reUeved  for  six  months  by  an  ulcer  diet,  but 
he  then  became  worse.  He  began  to  lose  weight,  vomited  frequently  and 
had  several  tarry  stools. 

Examination.  The  patient  was  a  pale,  chronically  ill  man.  The  liver  was  felt 
two  fingers  below  the  costal  margin.  There  was  no  abdominal  tenderness.  The 
clinical  impression  was  duodenal  ulcer. 

Laboratory  Data.  Hemoglobin,  45  per  cent  (Sahli).  White  blood  cells,  7,500  with 
a  normal  differential  count.  The  urine  was  negative.  On  one  occasion  the  stool 
was  strongly  guaiac  positive.  On  a  fasting  stomach  there  was  a  residue  of  10  ounces. 
The  blood  chemistry  findings  were  normal.  The  Rehfuss  test  meal  showed  a  maxi- 
mum total  acidity  of  66.  Barium  studies  of  the  gastro-intestinal  tract  showed  a 
pyloric  obstruction  with  80  per  cent  gastric  residue  after  six  hours.  There  was  an 
irregular  constriction  in  the  prepyloric  region  suggestive  of  a  malignancy. 

Course.  A  posterior  gastro-enterostomy  was  performed  after  preliminary  sup- 
portive treatment.  At  operation  a  large  inflammatory  tumor  mass  was  found  in  the 
region  of  the  pylorus  adherent  to  the  liver.  The  patient  was  discharged  with  his 
wound  well  healed,  and  feeling  well.  He  was  well  for  two  years  and  then  for  six 
months  had  dull  pain  in  the  middle  of  his  back  following  meals.  He  had  one  tarry 
stool  during  this  period.    He  was  re-admitted  to  the  hospital  for  investigation. 

Second  Admission.  A  Rehfuss  test  meal  was  again  performed  and  showed  free 
acid  still  present  in  the  stomach,  with  a  maximum  total  acidity  of  32.  X-ray  studies 
revealed  a  penetrating  gastric  ulcer  on  the  lesser  curvature  of  the  stomach  opposite 
the  gastro-enterostomy  stoma.  The  possibility  of  malignancy  in  this  case  was 
considered,  but  in  view  of  the  poor  condition  of  the  patient,  and  the  extensive  opera- 
tion necessary,  it  was  deemed  safer  to  continue  conservative  therapy  under  close 
observation.  He  was  followed  in  the  clinic,  with  the  persistence  of  symptoms.  Two 
gastroscopies  were  done.  The  pylorus  was  visualized.  Two  black  silk  sutures  were 
seen  imbedded  in  the  mucosa.  On  the  anterior  wall  converging  rugae,  red  and  con- 
gested were  seen,  and  at  the  apex  of  the  convergence  a  small,  apparently  healed  ulcer 
was  noted. 
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Third  Admission.  The  patient  was  admitted  to  the  hospital  for  the  last  time  on 
May  29,  1939.  Four  weeks  prior  to  admission  he  developed  frequent  epistaxes  which 
continued  daily  for  over  two  weeks.  Three  daj'S  prior  to  admission  persistent  gross 
hematuria  appeared.  At  the  same  time  he  developed  dizzy  spells,  severe  frontal 
and  occipital  headache,  mental  confusion,  mumbling  and  inarticulate  speech,  and 
weakness  of  the  right  arm  and  leg.  For  three  days  prior  to  admission  he  had  severe 
bilateral  sharp  lumbar  pain. 

Examination.  Examination  at  this  time  revealed  an  obese  male.  The  blood 
pressure,  which  several  years  ago  had  been  130  systolic  and  80  diastolic,  had  risen 
under  observation  to  170  systolic  and  1 10  diastolic.  The  patient  was  severely  aphasic. 
The  right  extremities  were  weak,  with  increased  deep  reflexes. 

Laboratory  Data.  Hemoglobin,  96  per  cent  (Sahli).  White  blood  count,  14,700 
with  a  normal  differential  count.  There  were  160,000  platelets  per  cubic  millimeter. 
The  bleeding  time  was  3  minutes  and  the  clotting  time  was  6  hours.  The  tourniquet 
test  was  slightly  positive.  Sternal  marrow  aspiration  was  normal.  The  urine  was 
loaded  with  red  blood  cells  and  had  a  trace  of  albumin.  Blood  was  found  in  the  stool 
and  900  fresh  red  blood  cells  per  cubic  millimeter  were  found  in  the  cerebrospinal 
fluid.  Electrocardiogram  showed  changes  suggestive  of  a  posterior  wall  infarction. 
Intravenous  pyelogram  was  negative. 

Course.  After  one  week  in  the  hospital  the  patient  suddenij-  went  into  coma, 
breathed  stertorouslj'  for  a  few  minutes,  and  died. 

Necropsy  Findings.  Dr.  Klemperer.  A  scirrhous  carcinoma,  arising  just  opposite 
the  gastro-enterostomy  stoma  was  found.  The  stomach  wall  was  diffusely  invaded, 
and  fibrotic  strands  of  carcinoma  were  seen  running  through  the  muscularis.  Many 
lymph  nodes  were  involved,  the  retro-peritoneal  and  posterior  mediastinal  nodes 
being  especially  enlarged.  The  lungs,  which  appeared  normal  grossl}',  had  micro- 
scopic tumor  emboli  in  the  small  arteries.  The  heart  revealed  hj'pertrophy  and  a 
terminal  thromboendocarditis.  Emboli  from  this  had  caused  infarcts  in  the  kidneys 
and  myocardium.  The  bone  marrow  was  diffusch'  involved  in  an  osteoplastic  car- 
cinomatosis. We  have  had  a  few  cases  in  the  past  of  gastric  carcinoma  with  bone 
marrow  metastasis  and  purpura. 

Comment.  Dr.  Baehr:  The  terminal  clinical  picture  of  purpura,  epistaxes 
for  five  weeks,  gross  hematuria,  finally  cerebral  hemorrhage,  is  explained  by 
the  pathologist  as  due  to  the  bone  marrow  metastases  of  carcinoma.  I 
should  like  to  point  out,  however,  that  the  blood  platelets  throughout  the 
course  of  the  disease,  were  never  low  enough  to  cause  purpura. 
At  no  time  was  there  any  evidence  of  an  aplastic  blood  picture. 
I  cannot,  therefore,  accept  the  bone  marrow  metastases  as  an  ade- 
quate explanation  for  the  purpura.  It  must  be  remembered  that  for 
fifteen  years  this  man  was  on  a  limited  diet  and  for  six  years  he 
had  been  on  a  Sippy  diet  which  is  notoriously'  deficient  in  vitamin  C.  A 
vitamin  C  deficiency  may,  therefore,  explain  the  bleeding  tendency 
in  this  case.  It  must  be  admitted  that  the  type  of  bleeding  is 
not  entirely  typical  of  scurxy.  Yet  it  should  be  remembered  that  the  pa- 
tient was  also  suffering  from  a  wasting  disease,  a  gastric  carcinoma  prob- 
ably of  five  years  duration  and  this  could  have  modified  and  accentuated 
the  symptoms  of  scur\y. 


Reported  by  Abner  Kurtin,  M.D. 
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Toxic  Cirrhosis  of  Liver 
[From  the  Medical  Service  of  Dr.  B.  S.  Oppenheimer] 

History  (Adm.  443202;  P.:\I.  11236).  This  was  the  first  admission  of  a 
thirtj'-nine  year  old  white  married  woman  with  the  chief  complaint  of 
jaundice.  Her  past  history  included  a  twelve  year  period  of  intermittent 
epigastric  pain  which  began  eighteen  years  before  admLssion  following  a 
miscarriage  and  continued  for  six  j-ears.  Two  j-ears  before  admission  the 
patient  noted  the  onset  of  painless  icterus,  accompanied  by  dark-colored 
urine,  light  stools,  itching,  and  diarrhea.  There  were  no  chills  or  fever. 
She  had  also  had  occasional  epistaxis  and  bleeding  from  the  gums.  At 
another  hospital  an  exploratory  operation  was  performed.  The  patient 
was  informed  that  she  had  cirrhosis  of  the  liver  and  that  a  Talma  procedure 
had  been  performed.  She  left  the  hospital  unimproved.  Icterus  persisted 
and  the  itching  has  been  partially  controlled  by  injections  of  calcium. 
Eight  months  before  admission  there  was  a  seA  ere  uterine  hemorrhage, 
accompanied  by  a  drop  in  hemoglobin  to  45  per  cent;  the  hemorrhage  re- 
quired packing  several  times.  For  the  month  before  admission  she  had 
been  receiving  vitamin  K  with  some  improvement  in  the  hemorrhagic 
tendency.  During  the  few  months  before  admission  she  had  occasional 
abdominal  distention  with  pain  in  the  right  lower  quadrant  of  the  ab- 
domen. The  jaundice  is  believed  to  have  fluctuated  in  intensity  during 
the  two  years  before  admission.  Three  weeks  before  admission  she  de- 
veloped a  cough  and  fever.  A  right  thoracentesis  greatly  reUeved  the 
cough.    An  abdominal  tap  was  unproductive  of  fluid. 

Examination.  The  patient  was  well  developed,  fairh^  well  nourished,  and  mark- 
edly icteric.  The  sclerae  were  icteric.  The  pupils  were  slightly  irregular,  but 
reacted  well.  The  tongue  was  beefy  red  with  smooth  margins.  The  pharynx  was 
injected  and  velvety  in  appearance.  The  lungs  showed  evidence  of  fluid  at  the  right 
base.  In  the  left  chest  there  were  moist  and  inconstant  rales.  The  heart  showed  a 
rough  systolic  murmur  at  the  apex.  The  second  pulmonic  sound  was  reduplicated. 
The  blood  pressure  was  100  systolic  and  40  diastolic.  The  abdomen  was  soft.  There 
was  a  well  healed  right  pararectus  scar.  The  liver  was  palpable  four  fingers  below 
the  costal  margin,  it  was  firm  and  non-tender.  Just  along  the  angle  between  the 
lower  border  of  the  liver  and  the  right  border  of  the  rectum,  a  round,  tense,  smooth 
tender  mass  could  be  felt.  The  spleen  was  palpable  three  fingers  below  the  costal 
margin.  Shifting  dulness  was  present  in  the  flanks.  Dilated  veins  were  visible  and 
a  caput  viedusa  was  present  about  the  umbilicus.  The  skin  was  markedly  icteric, 
covered  with  numerous  ecchymoses.  Numerous  scratch  marks  were  present.  A 
papular,  lichenified  eruption  was  present  over  the  hands.  There  was  clubbing  of  the 
fingers  and  toes.  Pitting  edema  was  present  over  the  legs  and  sacrum.  Neurological 
examination  was  negative.  Rectal  examination  was  negative,  except  for  one  occa- 
sional hemorrhoidal  tab. 

Laboratory  Data.  Hemoglobin,  82  per  cent;  white  blood  cells,  9,900  with  a  normal 
differential  count.  The  stool  was  tan,  guaiac  negative,  and  urobilin  positive.  The 
urine  showed  a  faint  trace  of  albumin,  3  plus  bile  and  urobilin  present  up  to  a  1:10 
dilution.    The  tourniquet  test  was  negative.    Bleeding  time,  2  minutes  and  45  sec- 
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onds;  coagulation  time,  7  minutes;  clot  retraction  time,  30  minutes.  Prothrombin 
time  was  normal.  The  fragility  test  showed  increased  resistance  of  the  red  blood 
cells.  Sedimentation  time  was  normal.  Galactose  tolerance  test  showed  an  excre- 
tion of  0.7  grams.  Icterus  index,  35;  blood  cholesterol,  190;  eater,  40  mg.  per  cent; 
bilirubin,  5;  van  den  Bergh,  direct  positive;  phosphorus,  6;  calcium,  8  mg.  per  cent; 
urea  nitrogen,  7  mg.  per  cent;  total  protein,  5.1  per  cent;  albumin,  3.2  per  cent; 
globulin,  1.9  per  cent.  The  Takata-Ara  reaction  was  negative.  The  blood  Wasser- 
mann  reaction  was  negative.  The  venous  pressure  and  saccharin  time  were  normal. 
A  blood  vitamin  C  test  revealed  high  normal  saturation.  Fluid,  obtained  on  pleural 
aspiration,  failed  to  show  any  tumor  cells.  X-ray  examination  of  the  abdomen 
revealed  four  small  ring-shaped  concretions  in  the  right  upper  quadrant,  probably 
gall  stones.    X-ray  examination  of  the  chest  showed  a  right  pleural  effusion. 

Course.  The  patient  continued  to  run  a  low-grade  fever.  Daily  injections  of 
calcium  gluconate  were  given  to  control  the  pruritus.  She  was  treated  with  a  high 
carbohydrate  low  fat  diet  with  the  addition  of  vitamin  B,  C,  K,  and  viosterol. 
Although  there  was  unanimity  of  opinion  that  this  might  be  a  biliary  cirrhosis  was 
considered.  This  was  based  on  the  presence  of  a  palpable  gall  bladder  and  the  x-ray 
evidence  of  biliary  calculi,  which  suggested  a  possible  common  duct  obstruction  of 
varying  degree.  Fully  cognizant  of  the  dangers  operation  was,  therefore,  attempted. 
A  right  upper  quadrant  incision  was  made  but  because  of  marked  bleeding  encoun- 
tered from  large  cavernous-like  veins  it  was  impossible  to  proceed  beyond  incision 
of  the  subcutaneous  tissue  and  the  wound  was  closed.  Five  days  postoperatively, 
the  patient  suddenly  became  unresponsive.  The  reflexes  were  normal,  with  equiv- 
ocal bilateral  Babinski  signs.  There  was  slight  oozing  from  the  left  nostril  and 
bilateral  subconjunctival  hemorrhages.  The  temperature  rose  sharply  reaching 
107°F.  within  twenty-four  hours  and  the  patient  died.  At  the  time  of  death,  the 
blood  urea  nitrogen  was  7  mg.;  icterus  index,  30;  cholesterol,  220  mg. ;  esters,  45  mg. 
per  cent. 

Necropsy  Findings.  The  liver  weighed  1800  grams,  i.e.,  it  was  not  atrophic.  It 
was  nodular,  but  coarsely  so.  There  were  no  calculi  in  the  common  duct,  nor  were 
there  stasis  or  dilatation  in  any  portion  of  the  biliary  tree.  The  gall  bladder  was  not 
enlarged,  but  did  contain  four  stones.  The  mass,  palpable  clinically,  consisted  of 
fascia  and  omentum  attached  to  the  under  surface  of  the  liver  as  a  result  of  the 
previous  Talma  omentopexy.  The  spleen  was  enlarged.  The  splenic  vein  was 
dilated  and  there  was  evidence  of  considerable  collateral  circulation. 

Comment.  Dr.  Klemperer:  The  picture  of  the  Uver  here  is  that  seen  in 
coarse  nodular  cirrhosis  which  is  the  end-result  of  a  severe  Uver  degenera- 
tion. It  is  different,  pathologically,  from  Laennec's  cirrhosis.  It  is 
definitely  not  a  biliary  cirrhosis  as  shown  by  the  absence  of  any  changes 
in  the  biUarj''  tree.  It  ma}^  well  be  called  a  toxic  cirrhosis,  and  it  is  in 
this  gi"oup  that  icterus  is  an  early  and  prominent  feature. 

Dr.  Baehr:  An  interesting  chnical  feature  is  the  presence  of  clubbing. 
This  is  not  infrequentlj^  seen  in  cases  of  long  standing  jaundice.  Of 
further  interest  is  the  negative  Takata-Ara  reaction,  in  spite  of  the  marked 
and  prolonged  liver  cirrhosis. 


Reported  by  Max  Ellenberg,  M.D. 
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Monday,  March  25,  1940 

Case  7}    Neurospongioblastoma,  Right  Cerebral  Hemisphere 

[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler  and  the  N euro-Surgical  Service 

of  Dr.  I.  Cohen] 

History  (Adm.  446359;  P.M.  11286).  A  woman,  56  years  of  age,  was 
admitted  to  the  hospital  on  September  26,  1939,  complaining  of  diffuse 
headache  of  seven  weeks  duration.  One  or  two  daj^s  after  the  onset  she 
began  to  experience  visual  hallucinations,  such  as  a  parrot  looking  into 
her  A\dndow,  ponies  in  the  street,  and  people  looking  into  her  home  from  the 
"elevated"  tracks.  Two  days  before  admission  she  became  drowsy,  and 
developed  weakness  of  the  left  arm  and  leg,  associated  with  fine  tremors  of 
the  leg. 

Examination.  The  patient  was  in  semi-stupor.  Her  right  upper  extremity  dis- 
played grasping  movements  and  she  would  pick  aimlessly  at  the  nose  and  bedclothes. 
When  aroused,  she  was  confused  and  apathetic,  confabulated  and  had  a  marked 
memory  defect. 

Neurological  Status.  Right-sided  skull  tenderness  was  present.  There  was 
marked  bilateral  papilledema  with  exudate  and  hemorrhages,  more  marked  in  the 
left  eye.  The  left  pupil  was  larger  than  the  right  but  pupillary  reactions  were 
normal.  The  left  palpebral  fissure  was  larger  than  the  right.  Left  hemiparesis  was 
present,  most  marked  in  the  leg,  accompanied  by  face  and  tongue  weakness.  There 
was  generalized  hypotonia  with  slight  increase  in  reflexes  on  the  left  side  and  ques- 
tionable Babinski  and  Hoffman  signs  on  the  same  side.  Abdominal  reflexes  were 
absent  bilateralh'.  Sensation  was  difficult  to  test  but  a  left  hemisensory  syndrome 
appeared  to  be  present.  A  diffuse  mottled  brown  pigmentation  with  several  papil- 
lomata  was  noted  on  her  body. 

Laboratory  Data.  Cerebrospinal  fluid:  initial  pressure,  380  mm.  of  water;  Pandy, 
4  plus;  total  protein,  139  mg.  per  cent;  cells,  10  red  blood  cells  and  8  lymphocj'tes 
per  cu.  mm.;  Ayala  index,  2.1.  The  Wassermann  and  colloidal  gold  tests  in  the 
cerebrospinal  fluid  were  negative.  Blood  count,  blood  chemistry,  and  blood  serology 
were  normal.  Urine  analysis,  2  plus  acetone.  Electroencephalography  was  re- 
ported as  suggestive  of  a  deep  lesion  in  the  anterior  part  of  the  right  hemisphere 
accompanied  by  considerable  generalized  edema. 

Course.  Following  dehydration  therapy,  the  patient's  mental  state  improved 
and  the  grasping  movements  ceased.  At  this  time  it  was  learned  that  at  times  during 
her  illness  she  would  sense  sewer-like  odors.  A  ventriculography  performed  two 
days  after  admission  showed  a  displacement  of  the  ventricular  system  to  the  left 


1  The  first  six  cases  were  presented  in  previous  issues  of  the  Journal  (Vol.  VII, 
No.  5  and  6). 
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with  a  dilatation  of  the  left  lateral  ventricle.  There  was  an  indentation  of  the  floor 
of  the  anterior  horn  of  the  right  lateral  ventricle.  The  appearance  suggested  a  right 
subfrontal  tumor.  A  fronto-tcmporal  craniotomy  following  this  procedure  revealed 
a  large  tumor,  measuring  5x4  cm.  attached  to  the  bone  and  dura  in  the  right  sub- 
frontal  region,  apparently  infiltrating  the  right  hemisphere  and  crossing  the  midline. 
A  subtotal  removal  of  the  tumor  was  performed.  The  patient  never  fully  recovered 
consciousness  and  died  on  the  tenth  postoperative  day. 


Fig.  10.  Case  7.  A.  Coronal  sections  of  the  brain  showing  tumor  in  the  right 
frontal  lobe. 

B.  The  extreme  cellularity  of  the  tumor  with  unripe  cells  grouped  about  blood 
vessels,  (photomicrograph,  hematoxylin  and  eosin  stain). 

C.  Rows  of  tumor  cells  arranged  around  areas  of  homogenized  tissue,  (photo- 
micrograph, hematoxylin  and  eosin  stain). 

Necropsy  Findings.  Brain.  Gross.  A  coronal  section  of  the  brain,  about  3  cm. 
in  back  of  the  frontal  pole,  shows  two  fairly  large  areas  of  discoloration,  one  near 
the  dorsal  border  measuring  about  1|  cm-  in  diameter;  another  more  irregular  and 
wider  in  extent  occupies  the  lower  half  of  the  frontal  area  at  the  same  level  (fig.  lOA). 
These  areas  of  discoloration  show  marked  reduction  in  consistency  and  at  present 
it  is  difficult  to  say  whether  they  are  the  result  of  surgical  trauma,  alterations  in  the 
overlying  meninges,  or  extensions  of  a  neoplasm.  Further  back  about  2  cm.  pos- 
terior to  the  frontal  pole  an  obvious  asymmetry  of  the  two  hemispheres,  with  the 
right  being  much  larger  than  the  left,  becomes  apparent.  The  subcortex  is  wider 
and  shows  evidence  of  edema.  In  a  triangle  a  short  distance  from  the  ventral  ex- 
tension of  the  dorsal  longitudinal  fissure  there  is  another  area  of  discoloration  which 
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is  the  continuation  of  the  second  one  described  above.  Here  the  color  is  a  dark 
reddish-brown  and  the  consistency  of  this  area,  which  measures  at  its  widest  di- 
ameter about  3  cm.,  is  increased.  Tracing  this  area  further  backward  it  merges  with 
the  area  of  brownish  discoloration  of  a  lighter  hue.  which  can  be  traced  back  as  far 
as  the  point  on  the  level  of  the  optic  chiasm  occupying  a  space  directly  below  the  an- 
terior commissure  and  extending  into  the  temporal  lobe.  There  is  a  marked  de- 
formit}-  of  the  lateral  ventricles:  the  anterior  horn  on  the  right  side  is  displaced 
downward  and  widened  while  the  anterior  horn  on  the  left  side  is  on  a  higher  plane, 
maintaining  a  somewhat  normal  outline.  The  bodies  of  both  lateral  ventricles  are 
fairly  sjTnmetrical  but  displaced  to  the  left.  The  third  ventricle  is  exceedingly 
narrow,  shows  a  concavity  to  the  left  and  is  also  displaced  to  the  left. 


Fig.  11.  Case  7.    A.  Neuroblasts,  (photomicrograph,  Nissl  stain). 
B.  Atypical  glial  cells  (photomicrograph,  Hortega  impregnation  method,  Globus 
modification). 

Microscopic.  Sections  of  the  tumor,  stained  by  the  various  neurohistological 
techniques,  show  a  richly  cellular  and  vascular  tumor.  Striking  are  the  numerous 
perivascular  aggregations  of  undifferentiated  neuroectodermal  cells.  These  ag- 
gregations varj-  in  density,  size,  and  arrangement  about  the  blood  vessels  (fig. 
lOB).  In  some  areas  the  tumor  cells  form  dense  palisades  about  less  cellular  cores 
(fig.  IOC),  .\mong  the  perivascular  aggregations  and  throughout  the  tumor  there 
are  numerous  neuroblasts  in  various  stages  of  differentiation  (fig.  IIA^.  Usually 
the  Nissl  substance  of  these  is  not  yet  present  and  often  there  are  two  nucleoli  within 
a  single  nucleus.  The  special  silver  stains  disclose  large  cells  with  numerous  short 
processes  (fig.  IIB).  These  cells  at  times  appear  to  be  both  glial  and  neuronal  in 
tj-pe  and  would  seem  to  be  a  hj-brid  variety  of  glio-neuronal  cell. 

Comment.  Dr.  Globus:  Of  significance  in  this  case  is  the  rather  short 
chnical  course,  a  feature  quite  typical  of  the  malignant  form  of  a  primary 
brain  tumor.  The  hallucinatory  episodes  are  also  frequently  encountered 
in  the  malignant  form  of  brain  tvmior  in  which  unripe  neural  elements  are 
present  in  large  numbers. 
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Anatomically,  this  tumor  is  a  more  malignant  expression  of  the  typv  of 
neoplasm  described  in  Case  6  under  the  name  of  transitional  glioneuroma. 

Reported  by  M.  Sapirstein,  M.D. 

Case  8.    Neurospongioblastoma  of  the  Left  Cerebral  Hemisphere 

[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler  and  the  Neurosurgical  Service  of 

Dr.  I.  Cohen] 

History  (Adm.  439077;  P.M.  11152).  A  man,  43  years  of  age,  was 
admitted  to  the  hospital  on  April  18,  1939.  He  was  apparently  well  until 
two  months  before  his  admission,  when  early  one  morning,  his  wife  was 
awakened  by  a  cry  emitted  hy  her  husband,  whom  she  found  passing 
through  a  generalized  convulsion.  During  this  episode  which  lasted  about 
ten  minutes  he  was  unresponsive;  and  he  remained  confused  for  a  few 
minutes  before  complete  recovery.  He  could  not  recall  any  event  in  the 
episode.  Subsequentlj'  new  symptoms  gradually  appeared  and  advanced. 
He  began  to  speak  slowly  and  hesitantly ;  often  he  could  not  find  the  word 
he  wished  to  use,  and  would  have  difficulty  in  naming  objects.  He  became 
unable  to  concentrate  on  reading  and  became  a  poor  speller.  His  person- 
ality changed;  he  became  a  quiet  and  morose  person  whereas  he  had  for- 
merly been  jolly.  It  was  noticed  that  his  voice  had  become  somewhat 
higher  pitched.  He  began  to  be  troubled  by  severe  constipation.  Ten 
days  before  admission  he  began  to  experience  lancing  pains  on  the  left 
side  of  his  face,  especially  about  the  eye,  and  soon  thereafter  severe  diz- 
ziness set  in  and  he  would  not  stand  up  alone. 

Examination.  The  patient  seemed  to  be  well  oriented  in  all  spheres;  he  realized 
that  since  the  onset  of  his  illness  there  had  been  a  considerable  change  in  his  speech 
and  emotional  reaction.  His  voice  was  hoarse.  He  spoke  hesitantly  and  was  often 
unable  to  express  himself.  In  writing  to  dictation,  he  frequently  misspelled  and 
perseverated.  He  copied  inaccurately  and  would  substitute  letters.  His  mathe- 
matical ability,  however,  was  unimpaired.  In  walking,  the  right  arm  swung  less 
freely  than  the  left.  There  was  a  tenderness  to  percussion  in  the  left  fronto-tem- 
poral  region.  There  was  a  blurring  of  the  nasal  margins  of  the  discs  with  fullness 
of  the  veins.  Both  pupils  were  slightly  irregular,  the  right  was  smaller  than  the  left, 
and  both  reacted  better  in  accommodation  than  to  light.  There  was  a  slight  weak- 
ness of  the  right  face  and  of  the  right  hand.  The  deep  tendon  and  the  superficial 
reflexes  were  active  and  equal.  A  positive  Chaddock  sign  was  obtained  on  the  right 
side.  The  right  upper  extremity  displayed  a  slight  dysmetria  while  the  right  lower 
extremity  was  somewhat  awkward  in  performing  the  heel-to-knee  test.  There  was  a 
questionable  diminution  in  vibration  sense  in  the  right  foot.  Position  sense  ap- 
peared to  be  disturbed  in  the  toes  of  the  right  foot.  Two  point  discrimination  was 
diminished  in  the  fingers  and  toes  on  the  right  side. 

Laboratory  Data.  Cerebrospinal  fluid:  clear;  initial  pressure,  140  mm.  of  water; 
dynamics,  normal;  Pandy,  2  plus;  cells,  1  lymphocyte  per  cu.  mm.;  total  protein, 
62  mg.  per  cent;  chlorides  as  sodium  chloride,  700  mg.  per  cent;  Wassermann  and 
colloidal  gold  tests,  negative.  Electroencephalography  disclosed  abnormal  poten- 
tials seeming  to  have  origin  in  the  left  frontal  region.    This  reaction  was  unchanged 
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after  the  intravenous  administration  of  50  per  cent  sucrose  solution  as  an  anti- 
edematant.  X-ray  examinations  of  the  chest,  abdomen,  and  skull  were  reported 
as  essentially  normal. 

Course.  The  diagnosis  of  a  tumor  of  the  left  hemisphere  in  the  fronto-temporal 
region  was  the  first  to  be  made.  Then  when  more  emphasis  was  put  on  the  domi- 
nance of  sensory  over  motor  signs,  the  lesion  was  allocated  to  the  parieto-temporal 
lobe.  During  the  patient's  stay  in  the  hospital  his  symptoms  and  signs  varied. 
Once  there  was  a  brief  period  of  confusion.  For  a  short  while  his  ability  to  speak 
and  to  read  improved.  Then  his  anomia  became  more  marked  and  perseveration 
in  speech  set  in.    Meanwhile  his  ability  to  write  improved.    The  deep  reflexes  in  the 


Fig.  12.  Case  8.  Coronal  section  of  the  brain  showing  the  tumor  in  the  left  cere- 
bral hemisphere. 

right  upper  limb  became  hyperactive  and  the  right  upper  abdominal  reflex  became 
diminished.  His  hoarseness  was  explained  by  chronic  laryngitis  secondary  to 
sinusitis  as  reported  by  the  otolaryngologist. 

Eleven  days  after  admission  the  patient  was  subjected  to  an  encephalography. 
This  disclosed  a  marked  displacement  of  the  ventricular  system.  The  left  lateral 
ventricle  was  deformed  and  somewhat  compressed.  The  appearance  was  considered 
suggestive  of  a  parasagittal  lesion  in  the  posterior  parietal  area.  Two  days  after 
this  procedure  the  weakness  in  the  right  upper  limb  began  to  progress;  the  deep 
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tendon  reflexes  became  more  active  in  both  right  limbs  and  some  diminution  in 
pain  sensitivity  was  found  over  the  right  chest  and  abdomen. 

A  craniotomy  was  performed  fourteen  days  after  admission.  Inspection,  palpa- 
tation  and  needle  exploration  yielded  no  evidence  of  a  tumor  and  the  cortex  was 
not  incised. 

Following  the  operation,  he  was  restless;  then  aphasia  increased  and  drowsiness 
set  in.  A  right  hemiparesis  appeared.  The  pupillary  reactions  remained  normal. 
Incontinence  set  in,  bilateral  Babinski  signs  appeared,  and  his  temperature  rose  to 
103°F.  A  diagnosis  of  postoperative  hemorrhage  was  made  and  reexploration  was 
performed.  About  one  ounce  of  extradural  clot,  chiefly  temporal  in  location,  was 
found  and  removed.    The  underlying  brain  tissue  was  edematous  and  the  skin  flap 


Fig.  13.  Case  8.  A.  Two  giant  tumor  cells,  (photomicrograph,  Hortega  impreg- 
nation, Globus  modification). 

B.  Young  neuroblasts,  see  arrow,  (photomicrograph,  Nissl  stain). 

C,  D  and  E.  Bipolar  neuroblasts,  (Hortega  impregnation  method.  Globus  modi- 
fication, C;  Nissl  stain,  D;  and  Bielschowsky  impregnation  method,  E). 


was  closed  without  the  bone  flap.  The  patient's  temperature  continued  to  rise,  and 
he  died  six  hours  after  the  reexploration  with  a  terminal  temperature  of  109°F. 

Necropsy  Findings.  Brain.  Gross.  At  the  operative  site  there  was  a  blood  clot 
about  1  cm.  thick.    The  underlying  brain  showed  a  reddish  discoloration. 

The  left  cerebral  hemisphere  was  larger  than  the  right.  Sectioning  of  the  brain 
disclosed  that  this  enlargement  was  due  to  the  presence  of  a  tumor  with  a  consid- 
erable degree  of  edema  about  it  (fig.  12).  The  tumor  mass  occupied  the  fronto- 
parietal region  of  the  left  hemisphere.  It  was  quite  circular  in  cross  section  and 
somewhat  elliptical  in  its  antero-posterior  diameter.  It  extended  from  about  the 
anterior  limit  of  the  precentral  gyrus  posteriorly  to  about  the  posterior  termination 
of  the  supramarginal  gyrus,  measuring  about  3§  cm.  in  its  long  diameter. 
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It  was  situated  near  the  surface  of  the  hemisphere  and  ventrally  was  separated 
from  the  lateral  fissure  by  a  very  narrow  rim  of  brain  tissue.  It  replaced  the  opercu- 
lum almost  completely  and  depressed  the  island  of  Reil.  Except  for  yellow  colora- 
tion in  adjacent  tissue,  there  was  no  clear-cut  separation  of  tumor  tissue  from  the 
adjacent  brain  tissue. 

In  the  midbrain  there  was  a  wide  area  of  reddish  discoloration  in  the  tegmentum 
near  the  midline  and  an  area  of  brownish  discoloration  in  the  left  peduncle  within 
and  extending  slightly  above  the  substantia  nigra. 

The  arteries  at  the  base  of  the  brain  were  somewhat  arteriosclerotic. 

Microscopic.  Sections  of  the  tumor,  stained  by  the  various  neurohistologic 
methods,  disclose  a  richly  cellular  and  vascular  tissue.  The  tumor  cells  tend  to 
occur  in  groups  and  streams.  Perivascular  aggregations  of  small  round  cells  are 
seen,  tending  to  occur  scattered  outward  from  the  vessel  wall  where  they  are  mingled 
with  elongated  tumor  cells  that  are  arranged  radially  about  the  vessels.  With 
higher  magnifications,  glial  and  neuronal  elements  at  all  levels  of  differentiation  are 
noted.  There  are  multinucleated  giant  cells  (fig.  13A),  mononuclear  undifferentiated 
neuroectodermal  cells  and  neuroblasts  (fig.  13B),  the  latter  often  occurring  about 
blood  vessels,  bipolar  neuroblasts,  and  fairly  mature  appearing  nerve  cells  which  are 
large  and  display  long  processes  (figs.  13C,  D,  E).  There  are  also  nests  of  atypical 
cells  (resembling  the  heterotopia  of  tuberous  sclerosis)  and  occasional  large  cells 
suggestive  of  atypical  nerve  cells  in  that  they  contain  a  neuronal  nucleus  and  are 
surrounded  by  satellitic  ("capsule")  cells. 

The  tumor  tissue  resembles  the  spongioblastoma  multiforme  except  that  there 
is  a  sharing  of  dominance  between  both  glial  and  neuronal  cell  types.  Hence  this 
tumor  type  is  classified  as  a  neurospongioblastoma  multiforme. 

Comment.  Dr.  Globus:  In  this  case  again  one  is  struck  by  the  brevity 
of  the  clinical  course  and  the  onset  with  a  convulsive  seizure.  The  rec- 
ognition of  the  existence  of  a  neoplasm  and  the  identification  of  its  location 
presented  no  difficult}'.  It  could  almost  at  once  be  realized  that  the  tumor 
was  malignant  and  that  surgical  intervention  offered  practically  no  hope 
for  a  substantial  recovery  and  little  for  the  prolongation  of  life.  The  case 
raises  the  question  whether  the  time  is  not  ripe  for  utilizing  an  available 
method  of  recognizing  the  histologic  character  of  tumor  and  guided  by 
such  information  take  the  resolute  position  not  to  intervene  by  means  of 
radical  surgerj'. 

Reported  by  J.  M.  Zucker,  M.D. 
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Authors'  Abstracts  of  Papers  Published  Elsewhere  by  Members  of  The 
Mount  Sinai  Hospital  Staff 


Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  col- 
umn brief  abstracts  of  their  articles  appearing  in  other  journals. 


Effect  of  Carbohydrate  and  Fat  in  the  Diet  on  Uric  Acid  Excretion.  D.  Adlersberg 
and  M.  Ellenberg.  J.  Biol.  Chem.  128:  379-385,  April  1939. 
A  high  fat  diet  diminishes  the  uric  acid  excretion  in  normal  individuals.  Neither 
acidosis  nor  ketosis  is  of  importance  in  this  connection,  since  these  factors  were 
controlled  by  sufficient  amounts  of  carbohydrate  in  the  diet.  A  high  carbohydrate 
diet,  calorieally  equivalent  to  the  high  fat  diet,  does  not  depress  the  uric  acid  elim- 
ination. The  factor  responsible  for  the  decrease  in  uric  acid  excretion  in  the  urine 
of  subjects  on  a  high  fat  diet  is  not  the  increased  caloric  intake,  but  is  the  high  fat 
content  itself.  These  observations  support  the  use  of  a  high  carbohydrate,  low 
fat,  as  well  as  a  low  purine  diet  in  the  treatment  of  the  uric  acid  diathesis. 

Treatment  of  Rickets  and  Tetany  with  Single  Massive  Dose  of  Vitamin  D.  H.  Voll- 
mer.    J.  Pediat.  14:  491,  April  1939. 

Rickets  and  tetany  can  be  cured  by  peroral  administration  of  one  single  dose  of 
600,000  units  of  vitamin  D.  The  curative  effect  of  this  treatment  is  more  prompt 
than  that  obtained  with  the  daily  administration  of  small  doses.  Serum  calcium 
and  serum  phosphorus  become  normal  and  roentgenographic  evidence  of  calcification 
shows  within  one  week.  The  most  impressive  effect  is  the  rapid  rise  of  serum  cal- 
cium. Tetanic  convulsions  did  not  recur  after  vitamin  D  shock  therapy,  and  all 
other  symptoms  of  hyperirritability  disappeared  usually  within  two  days  without 
any  additional  therapy. 

The  following  conditions  may  be  considered  as  indications  for  vitamin  shock 
therapy:  neonatal  and  infantile  tetany,  severe  rickets,  rickets  associated  with 
pneumonia  or  pertussis,  rickets  associated  with  chronic  infections,  and  indifference 
of  the  parents  of  a  rachitic  or  tetanic  child.  Xo  contraindication  seems  to  exist. 
No  toxicity  was  manifested  in  150  children  treated  with  massive  doses  of  vitamin  D. 

The  proper  dosage  is  600,000  units,  incorporated  in  milk.  Vitamin  D  is  effective 
also  when  administered  parenterally. 

The  possibility  of  a  successful  vitamin  D  shock  prophylaxis  over  the  entire  winter 
period  with  a  single  dose  of  400,000  to  600,000  units  is  discussed. 

Serum  Calcium  in  the  Newborn.  B.  S.  Denzer,  M.  Reiner  and  S.  B.  Weiner. 
Am.  J.  Dis.  Child.  57:809-816,  April  1939. 
A  study  of  the  calcium  level  in  the  cord  blood  and  of  the  blood  calcium  curve  of 
the  neonatal  period  has  been  made.  There  is  a  distinct  drop  in  the  calcium  level 
of  the  blood  during  the  first  four  days  of  life,  with  a  subsequent  slow  rise  to  a  point 
slightly  above  the  average  level  of  later  infancy.    This  depression  of  the  calcium 
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content  is  not  related  to  race,  weight  at  birth,  or  neonatal  loss  of  weight.  The  in- 
organic phosphorus  content  of  the  blood  during  the  neonatal  period  is  higher  than 
the  phosphorus  content  of  the  cord  blood  but  shows  no  definite  constant  curve.  The 
protein  level  of  the  blood  remains  constant  during  the  neonatal  period  and  therefore 
cannot  affect  the  level  of  the  available  ionizable  calcium.  The  data  derived  from  a 
comparison  of  calcium  and  phosphorus  curves  in  the  neonatal  period  do  not  supply 
an  adequate  explanation  of  tetany  neonatorum. 

Treatment  of  Internal  Hemorrhoids  by  Injection;  a  Study  based  on  Observations  of  5000 
Injections.  A.  W.  M.  Marino  and  R.  Tueell.  Brooklyn  Hosp.  J.  1:  93,  April 
1939. 

This  study  based  on  5000  injections,  showed  that  injectional  therapy  when  used 
with  discretion  and  applied  to  properly  selected  cases  has  a  well  deserved  place  in 
the  therapeusis  of  hemorrhoids.  The  procedure  should  be  restricted  to  the  treat- 
ment of  uncomplicated,  soft,  bleeding,  and  moderate  sized  prolapsing,  but  easily 
reducible  piles.  The  contraindications,  dangers,  and  the  technic  of  injection  are 
described  in  detail.  Properly  performed  injections  should  not  result  in  complica- 
tions. In  six  per  cent  of  the  cases  there  was  a  definite  recurrence  of  the  internal 
hemorrhoids.  In  certain  instances  where  hospitalization  is  undesirable  or  when 
hemorrhoidectomy  cannot,  or  should  not,  be  performed,  injectional  therapy  may 
be  elected. 

Injectional  therapy  is  useful  in  the  early  months  of  gestation.  Urea  and  quinine 
hydrochloride  should  not  be  employed  for  obvious  reasons. 

The  method  of  treatment  of  hemorrhoids  by  injection  is  not  without  danger. 
Surgical  judgment  as  well  as  skill  are  essential,  for  although  the  method  seems  simple, 
unless  one  understands  the  rationale  and  technic,  disappointment  and  complications 
may  result. 

Observations  Concerning  Absorption  of  Sulfanilamide  from  Large  Intestine  in  Man; 

an  Experimental  Study.    R.  Turell,  A.  W.  M.  Marino  and  L.  Nerb.  Brooklyn 

Hosp.  J.  1:  90,  April  1939. 
In  a  previous  investigation,  it  was  found  that  sulfanilamide  introduced  into  the 
rectum  of  rabbits  is  rapidly  absorbed.  In  the  present  communication  the  results  of 
studies  on  the  absorption  of  a  one  per  cent  solution  of  sulfanilamide  from  the  human 
colon  and  rectum  are  recorded.  A  series  of  eight  normal  individuals  who  received 
rectal  instillations  of  a  one  per  cent  solution  of  sulfanilamide  showed  the  presence 
of  the  drug  in  the  blood.  In  order  to  determine  whether  the  drug  is  absorbed  directly 
from  the  rectum  or  colon  or  whether  it  must  pass  to  the  ileum  before  being  absorbed, 
the  same  investigation  was  repeated  in  a  patient  who  three  years  previously  had  had 
an  ileostomy  with  exclusion  of  the  colon.  It  was  demonstrated  that  absorption  of 
sulfanilamide  took  place  from  the  isolated  colon.  The  foregoing  experimental 
studies  showed  that  adequate  concentrations  of  sulfanilamide  can  be  maintained 
in  the  blood  by  means  of  rectal  instillations  of  a  one  per  cent  solution  of  sulfanil- 
amide. The  rectal  route  of  administration  is  recommended  when  sulfanilamide  can- 
not be  given  by  mouth. 

Temperature  Changes  in  Skin  and  Muscle  of  Lower  Extremities  Following  Intravenous 
Injections  of  Typhoid  Vaccine.    M.  Friedlandek,  W.  Bierman  and  S.  Silbert. 
Proc.  Soc.  Exper.  Biol.  &  Med.  41 : 221,  May  1939. 
Fever  was  produced  in  humans  by  the  intravenous  injection  of  typhoid  vaccine. 

The  rise  in  body  temperature  was  accompanied  by  a  gradual  fall  in  calf  muscle 

temperature.    These  changes  were  unaltered  by  the  occurrence  of  chills  and  tremors. 

The  skin  surface  temperature  rose  before  the  onset  of  the  chill  but  dropped  when  the 

chill  occurred. 
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Angina  Pectoris  and  Cardiac  Infarction  from  Trauma  or  Unusual  Effort.    E.  P. 
Boas.    J.  A.  iM.  A.  112: 1887,  May  13,  1939. 
Twenty-seven  cases  of  cardiac  infarction  or  the  syndrome  of  angina  pectoris  im- 
mediately following  a  non-penetrating  injury  to  the  precordium  or  unusual  bodily 
efifort  are  reported. 

When  a  person  previously  free  from  symptoms  of  coronary  artery  disease  has 
such  symptoms  after  an  injury  to  the  chest  or  unusual  physical  exertion,  the  heart 
disease  may  be  attributed  to  these  external  factors.  When  a  person  with  simple 
angina  pectoris  has  coronary  artery  occlusion  following  such  injury  or  effort  the 
sudden  progression  of  the  lesion  may  be  ascribed  to  these  causes.  When  such  a 
sequence  of  events  occurs  in  a  person  gainfully  employed  while  he  is  at  his  task,  it 
is  proper  to  conclude  that  the  cardiac  disability'  is  compensable,  provided  the  cardiac 
symptoms  accompany  or  follow  immediately  on  the  event  to  which  the  cardiac  injury 
is  ascribed  and  provided  there  is  a  continuity  of  symptoms  dating  from  the  event 
to  the  time  of  complete  disability.  Such  disability  may  be  delayed  by  several  days 
or  weeks. 

The  Use  of  Sulfanilamide  in  Surgery  of  the  Colon  and  Rectum.  H.  Garlock  and 
G.  P.  Seley.  Surgery,  5:  787,  May  1939. 
The  authors,  as  a  result  of  their  experience,  have  come  to  the  conclusion  after  a 
careful  evaluation  of  the  clinical  course  of  a  group  of  patients,  that  the  postoperative 
phase  has  been  singularly  uncomplicated,  the  morbidity  has  been  unusually  slight, 
and  peritonitis  has  been  nonexistent.  In  this  connection  it  is  important  to  note  that, 
in  21  consecutive  cases,  streptococcus  hemolyticus  was  not  recovered  in  any  of  the 
cultures  made.  It  is  realized  that  the  number  of  cases  reported  herewith  is  not  suffi- 
cient to  warrant  definite  conclusions.  However,  the  impression  gained  is  that  the 
results  obtained  so  far  warrant  a  continuation  and  extension  of  this  study. 

The  Attitude  of  the  Psychoneurotic  Toward  Scientific  Contraceptive  Advice.  J.  H. 
Friedman.  J.  Nerv.  &  Ment.  Dis.  89:  672,  May  1939. 
A  study  was  made  of  forty  psychoneurotics  who  attended  a  mental  hygiene  clinic 
and  who  were  referred  to  a  birth  control  clinic.  Only  one  patient  was  benefited 
by  the  contraceptive  advice.  The  writer  concludes  that  where  anxiety  and  other 
neurotic  symptoms  in  regard  to  contraception  exist,  they  are  part  of  a  more  deep 
seated  conflict  in  regard  to  sexuality  as  a  whole,  pregnancy,  and  contraception,  as 
psychological  problems.  Thus,  blunt  proposal  of  contraceptive  advice  to  such 
individuals  will  not  relieve  the  cause  of  the  anxiety  or  the  other  neurotic  symptoms. 
If  preparation  is  not  given  through  a  careful  approach  of  the  topic  and  consideration 
of  all  the  factors  (sociological,  religious,  and  psychological)  involved,  the  patients 
are  likely,  consciously  or  unconsciouslj',  to  evade  application  of  the  knowledge  given 
them. 

The  Female  Sex  Hormones.    R.  T.  Frank.    Xew  England  J.  Med.  220:  821,  May 
18,  1939. 

The  anatomy,  physiology,  and  finally  the  chemistry  covering  the  sex  cycles  has 
been  gradually  clarified.  The  close  chemical  relationship  of  the  male  and  female 
hormones  became  known,  and  biological  reactions  to  demonstrate  the  hormonal 
actions  were  eventually  developed. 

An  analysis  of  the  sex  cycle  in  the  female  has  shown  an  abortive  (menstrual)  and  a 
fertile  (pregnancy  cycle).  The  primary  agent  is  the  anterior  pituitary,  and  under 
its  influence,  follicular  and  corpus  lutcum  phases  affect  the  uterus  and  breasts.  In 
addition  to  the  normal,  both  over  and  underfunction  has  been  demonstrated.  Over- 
function  usually  shows  itself  as  menorrhagia,  metrorrhagia,  or  premenstrual  tension. 
I'nderfunction  produces  amenorrhea,  dysmenorrhea  and  sterility.    In  pregnancy 
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the  hormone  conditions  show  huge  elevation  of  levels.  In  the  menopause,  excess 
of  gonadotropic  hormone  is  the  rule.  Based  on  these  increases  in  our  knowledge, 
considerable  advance  in  endocrine  therapy  has  been  achieved. 

Extrapleural  Pneumonoly  sis  in  the  Treatment  of  Pulmonary  Tuberculosis.  H.  .\ufses. 
Medicine,  18: 129,  May  1939. 

A  review  of  the  entire  literature  on  extrapleural  pneumonolysis  including  anat- 
omy, technique,  indications,  mode  of  action,  and  effect  on  respiration  is  presented. 
"Simple"  pneumonolysis  as  well  as  pneumonolysis  with  temporary  and  permanent 
tamponade  are  also  discussed.  The  use  of  fat  and  muscle  implants  is  reviewed 
together  with  the  results  obtained.  An  analysis  of  1144  cases  of  "paraffin  plombe" 
collected  from  the  literature  is  included.  The  various  methods  of  pneumonolj'sis 
in  conjunction  with  thoracoplasty  are  discussed. 

Because  of  the  present  interest  in  extrapleural  pneumothorax,  this  procedure  is 
carefully  reviewed  both  from  the  standpoint  of  earlier  attempts  and  present  day 
reports. 

A  bibliography  of  211  references  is  included. 

Biophotometric  Studies  in  30  Cases  of  Chronic  Ulcerative  Colitis.  H.  H.  Lerner  axd 
H.  G.  Rapaport.  Am.  J.  Dig.  Dis.  6:  239,  June  1939. 
A  study  of  avitaminosis  A  by  means  of  the  biophotometer  in  30  cases  of  chronic 
ulcerative  colitis  revealed  that  1.41  per  cent  have  a  subclinical  deficiency  (twice  the 
"normal"  expectancy).  The  high  percentage  of  avitaminosis  A  in  the  interval  and 
healed  phases  indicates  the  need  of  larger  doses  of  vitamins  prophylactically. 
Acutely  ill  patients  receiving  massive  doses  of  vitamin  A  show  normal  dark  adapta- 
tion. Chronically  ill  patients  show  deficient  dark  adaptation.  There  appears  to 
be  more  than  a  casual  relationship  between  avitaminosis  A  and  ulcerative  colitis. 
The  ability  to  absorb  vitamin  A  given  in  normal  amounts  is  diminished  in  ulcerative 
colitis. 

Evaluation  of  the  Tuberculin  Patch  Test  {Vollmer  and  Lederle).  H.  Vollmer  .\.nd 
E.  W.  Goldberger.    Am.  J.  Dis.  Child.  57 : 1272,  June  1939. 

A  comparative  study  of  the  tuberculin  patch  test  (VoUmer-Lederle)  and  the 
Mantoux  test  has  been  carried  out  on  678  children. 

Among  417  children  admitted  to  the  wards  of  The  Mount  Sinai  Hospital,  the 
reliability  of  the  tuberculin  patch  test  as  compared  with  the  Mantoux  test  performed 
with  0.1  mg.  of  old  tuberculin  was  100  per  cent. 

Two  hundred  and  sixty-one  tuberculous  children  of  the  Sea  View  Hospital  showed 
100  per  cent  conformity  between  the  tuberculin  patch  test  and  the  Mantoux  test  with 
first  strength  solution  of  purified  protein  derivative  or  0.01  to  1  mg.  of  old  tuberculin. 

Consequently  it  seems  that  the  ^Mantoux  test  with  0.1  mg.  of  old  tuberculin  or  less 
or  with  first  strength  solution  of  purified  protein  derivative  can  safely  be  replaced 
by  the  tuberculin  patch  test. 

A  routine  is  suggested  for  tuberculin  testing,  the  tuberculin  patch  test  being 
proposed  as  the  first  test. 

The  Value  of  Sulfanilamide  in  Otogenous  Infections.  L.  M.a.ybaum,  E.  Sxyder  axd 
L.  CoLEMAX.  J.  A.  M.  A.  112:  2589,  June  24,  1939. 
In  this  paper,  the  authors  state  that  the  use  of  sulfanilamide  has  resulted  in  a 
genuine  advance  in  the  treatment  of  certain  otogenous  infections.  Exenteration 
of  the  otitic  focus  is  of  paramount  importance.  Indiscriminate  use  of  the  drug  may 
obscure  the  diagnosis  or  result  in  a  masked  or  latent  clinical  picture  of  mastoid 
involvement.  Under  sulfanilamide  therapy,  the  usual  clinical  course  of  an  otitic 
complication  may  be  modified. 
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THE  ANALOGUES  OF  VITAMIN  K:  THEIR  CLINICAL 

USEFULNESS' 

ALBERT  M.  SXELL,  M.U. 
[Dirision  of  Medicine,  Maijo  Clinic,  Rochester,  Minnesota] 

The  introduction  of  vitamin  K  to  clinical  medicine  came  as  a  result  of 
the  observations  of  Dam  and  his  associates  (1),  who  showed  that  a  de- 
ficiency disease  resembling  scur^■y  could  be  produced  in  chicks  by  a  diet 
deficient  in  certain  fat-soluble  ingredients.  They  and  other  investigators 
also  demonstrated  that  the  condition  could  be  cured  by  the  administration 
of  an  antihemorrhagic  material  present  in  the  nonsaponifiable,  nonsterol 
portion  of  hog  liver  fat,  in  hemp  seed,  in  certain  cereals  and  in  vegetables. 
It  was  shown  later  by  the  Danish  investigators  (2)  that  deficiency  in  this 
fat-soluble  component  resulted  in  diminution  of  the  amount  of  prothrombin 
in  the  circulating  blood,  eventually  leading  to  fatal  hemorrhagic  diathesis. 
The  deficient  factor  was  called  vitamin  K  after  the  Danish  word  "Koagula- 
tions  Vitamin." 

Quick  and  his  associates  (3)  seem  to  have  been  the  first  to  suggest  that 
deficiency  in  vitamin  K  might  be  a  factor  in  the  production  of  the  hemor- 
rhagic diathesis  of  patients  with  obstructive  jaundice,  and  they  also  demon- 
strated that  there  was  deficiency  of  prothrombin  in  the  blood  of  such  pa- 
tients. Fortunately  for  clinical  investigators  of  the  subject.  Smith  and 
his  associates  (4)  at  the  L'niversity  of  Iowa  had  collected  a  mass  of  informa- 
tion in  years  of  study  on  the  subject  of  prothrombin,  and  it  was  possible 
for  them  to  put  their  information  to  good  use  in  the  investigation  of  the 
disease  processes  which  have  been  mentioned.  Within  a  relatively  short 
time  various  workers  in  this  country'  and  abroad  demonstrated  that  vitamin 
K  was  a  specific  remedy  for  prothrombin  deficiency  occurring  under  certain 
circumstances,  as  follows:  a)  primary  dietary  deficiency  in  respect  to 
the  antihemorrhagic  (5)  vitamin;  b)  secondary  deficiency  concurrent  with 
obstructive  jaundice  by  virtue  of  the  fact  that  exclusion  of  bile  from  the 
intestine  interfered  with  absorption  of  this  fat-soluble  (6)  vitamin;  c) 
secondary  deficiency  associated  with  certain  gastro-intestinal  diseases, 
especially  those  which  result  in  a  loss  of  continuity  of  the  intestine  or  de- 
struction of  absorptive  (17)  surfaces;  d)  prothrombin  deficiency  in  primary 
hepatic  disease;  this  lack  is  not  primarily  attributable  to  deficiency  in  vita- 
min K;  the  difficulty  seems  to  lie  in  the  inability  of  the  injured  liver  to 

*  Presented  April  18,  1940  at  the  Blumcnthal  Auditorium  of  The  Mount  Sinai 
Hospital  as  part  of  the  Symposium  on  Vitamins. 
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manufacture  (4,  8)  prothrombin,  and  e)  the  physiologic  hypoprothrom- 
binemia  of  the  newborn  (9). 

Thus,  within  a  relatively  short  period  a  considerable  field  of  clinical 
usefulness  was  found  for  the  antihemorrhagic  material  first  discovered  in 
a  study  of  deficiency  disease  in  chicks.  From  the  time  that  reports  of  the 
first  clinical  observations  appeared,  biochemists  studied  the  crude  materials 
containing  the  vitamin  in  the  hope  of  discovering  its  chemical  nature. 
Their  search  was  pursued  the  more  vigorously  because  of  the  need  for  a 
readily  available  product  which  could  be  given  parenterally  or  administered 
by  mouth  in  a  palatable  form.  The  early  concentrates  of  vitamin  K  u.sed 
at  the  Mayo  Chnic  were  prepared  from  putrefied  fish  meal  and  were  ob- 
jectionable on  a  good  many  counts,  but  chiefly  because  of  the  taste  and 
odor  and  the  difficulty  of  introducing  the  material  in  any  quantity  into 
the  gastro-intestinal  tract  of  seriously  ill  patients. 

CHEMISTRY  OF  VITAMIN  K 

In  1939,  preliminary  studies  on  the  probable  structure  of  vitamin  K 
were  reported  in  this  country  by  McKee  and  his  collaborators  (10)  and  in 
Europe  by  Dam,  Karrer  and  others  (11).  These  early  reports  indicated 
that  the  vitamin  probably  had  a  quinoid  structure.  A  few  months  later, 
Binkley  and  his  as.sociates  (12)  and,  independently,  Fieser  and  his  co- 
workers (13)  reported  on  the  structural  formula  of  vitamin  Ki.  They 
demonstrated  conclusively  that  the  composition  of  this  vitamin  was  repre- 
sented correctly  by  the  formula,  2-methyl-3-phytyl-l  ,4-naphthoquinone. 
They  were  able  to  prepare  the  material  by  a  process  of  .synthesis  and  to 
demonstrate  its  antihemorrhagic  activity.  Later,  Binkley  and  others  (14) 
prepared  vitamin  K2,  a  related  compound,  from  putrefied  fi.sh  meal.  This 
material,  which  has  not  yet  been  synthesized,  was  found  to  be  a  2,3- 
disubstituted  naphthoquinone,  a  thirty  carbon  side  chain  with  six  double 
bonds  attached  at  the  three  position  (fig.  1). 

After  the  first  announcements  of  the  probable  quinoid  structure  of  the 
vitamin,  chemists  and  biologists  naturally  turned  to  the  large  series  of 
known  substances  having  quinoid  nuclei  and  began  the  study  of  them 
with  reference  to  their  possible  antihemorrhagic  activity.  Almquist  and 
Klose  (15,  16)  were  the  first  to  report  that  phthiocol  (2-methyl-3-hydroxy- 
1 ,4-naphthoquinone)  possessed  physical  and  biologic  properties  similar  to 
those  of  pure  vitamin  K.  This  material  was  investigated  clinically  (17) 
also  and  was  found  to  possess  antihemorrhagic  activity  in  case.s  of  obstruc- 
tive jaundice.  These  investigators  suggested  that  phthiocol  was  perhaps 
the  simplest  member  of  an  homologous  series  of  antihemorrhagic  .substances 
of  related  composition. 

Ansbacher  and  Fernholz  (18)  demonstrated  that  a  closelj'  related  com- 
pound, 2-methyl-l  ,4-naphthoquinone,  had  an  even  greater  degree  of 
antihemorrhagic  potency  than  phthiocol,  and  their  observations  were  sub- 


ANALOGUES  OF  VITAMIN  K 


69 


sequcntly  confirmed  by  numerous  investigators.  At  least  two  other 
compounds  of  similar  composition  which  have  the  advantage  of  being 
water  soluble  have  been  tested  clinically  and  found  therapeutically  useful. 
One  of  these  is  1 ,4-dihydroxy-2-methyl-3-naphthaldehyde,  which  was  pr(>- 
pared  in  Doisy's  laboratory;  another,  prepared  by  Emmett  and  his  as- 
sociates (19),  is  an  even  simpler  compound,  4-amino-2-methyl-l-naphthol 
hydrochloride.    The  structure  of  these  four  closelj'  related  compounds 
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Fig.  2.  Chemical  structure  of  some  synthetic  analogues  of  vitamin  K 


having  antihemorrhagic  activity  is  represented  in  figure  2.  Since  these 
four  compounds  have  been  .submitted  for  clinical  u.se,  several  other  quinoid 
substances  have  been  subjected  to  analysis  and  have  been  tested  on  chicks 
subsisting  on  diets  deficient  in  vitamin  K.  The  relative  activity  of  these 
various  compounds  has  been  studied  particularlj-  hy  Almquist  and  Klose 
(20),  to  whose  reports  the  reader  is  referred  for  details. 

Synthetically  prepared  vitamin  Ki  has  been  used  in  the  treatment  of 
prothrombin  deficiency  with  satisfactory  results  (21).  The  available  data 
are  insufficient  to  warrant  general  conclusions,  but  it  would  appear  that 
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this  preparation  is  less  active  and  not  so  rapidly  utilized  as  is  the  simpler 
compound,  2-methyl-l  ,4-naphthoquinone. 

The  essential  features  of  all  of  the  more  active  antihemorrhagic  prepara- 
tions may  be  characterized  as  follows:  a)  A  naphthalene  ring  structure; 
b)  a  methyl  group  in  the  two  position;  c)  quinone-oxygen  at  positions 
one  and  four;  d)  a  double  bond  between  carbon  atoms  two  and  three. 
The  side  chains  which  appear  in  the  three  position  in  naturally  occurring 
vitamins  Ki  and  K2  are  not  essential  to  the  activity  of  these  compounds. 

AXALOGUES  OF  VITAMIN"  K  AVAILABLE  FOR  CLINICAL  USE 

Of  the  four  compounds  which  appear  in  figure  2,  only  two  have  been 
widely  used  cUnically;  both  are  as  active  as  \'itamin  Ki,  or  even  more  so 
when  considered  on  a  molar  basis.  The.se  two  compounds  are  2-methyl- 
1 .  ^-naphthoquinone  and  4-ainino-2-meth\-l-l-naphthol  hydrochloride.  The 
first  mentioned  compound  is  easily  prepared,  is  relatively  stable,  and  is  .so 
constant  in  its  action  that  its  use  has  been  .suggested  as  a  standard  for  the 
comparison  of  \  itamin  K  acti\4t\'  of  aU  related  compoimds.  The  original 
compound  is  not  water-soluble,  and  hence  is  not  available  for  parenteral 
administration.  It  is.  however,  po.s.sible  to  use  a  water-soluble  prepara- 
tion, namely  2-methyl-l  .4-naphtholhydroquinone-3-.sodium  sulfonate  (22). 
This  material  is  suitable  for  parenteral  administration  and  may  also  be 
absorbed  from  the  intestinal  tract  in  the  absence  of  bile  salts.  It  is  of 
interest  to  note  that  2-methyl-l  .4-naphtholhydroquinone  diphosphoric 
acid  ester  is  even  more  p)otent  on  a  molar  ba.«is  than  methyl  naphthoquinone. 
Almquist  and  Klose  (20),  who  made  this  observation,  suggested  that 
phosphorylation  may  represent  a  step  in  the  normal  metabohsm  of  the 
antihemorrhagic  quinones.  Another  derivative  of  methyl  quinone  which 
also  has  been  studied  is  the  potassium  salt  of  the  di.sulfuric  acid  ester  of 
2-methyl-l  ,4-naphthoquinone.  Fl\-nn  and  Warner  (23)  have  shown  that 
this  compound  is  efifective  ia  preventing  hemorrhage  in  jaundiced  rats 
which  are  receiving  diets  deficient  in  vitamin  K.  .Smith  and  Owen  (24) 
also  have  shown  the  effectiveness  of  the  water-soluble  hydrochloride  of 
4-amino-2-methyl-l-naphthol  when  given  by  mouth  to  patients  who  have 
obstructive  jaundice.  The  use  of  phthiocol  has  been  abandoned  chiefly 
because  of  the  relatively  low  potency  of  the  compound,  and  the  naphthal- 
dehyde  compound,  previously  mentioned,  has  not  thus  far  been  prepared 
for  use  on  a  large  scale. 

FACTORS  TO  BE  CONSIDERED  IN  CLINICAL  USE  OF  ANALOGUES  OF  A1TAMIX  K 

It  is  probable  that  owing  to  bacterial  activity  the  ga.stro-intestinal  tract 
of  mammals  contains  some  form  of  vitamin  K.  The  presence  of  this 
vitamin  would  explain  the  rise  in  the  quantitative  level  of  prothrombin 
when  bile  or  bile  salts  are  given  to  otherwise  untreated  patients  who  have 
obstructive  jaundice.    As  Smith  and  Owen  (24)  have  pointed  out,  the 
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average  diet  or  the  average  content  of  the  intestinal  tract  probably  does 
not  contain  any  great  amount  of  water-soluble  compounds  having  vitamin 
K  activity,  for  otherwise  signs  of  deficiency  of  vitamin  K  would  not  develop 
so  readily  in  cases  of  obstructive  jaundice. 

As  mentioned  in  an  earlier  paragraph,  general  therapeutic  use  of  the 
crude  concentrates  having  vitamin  K  activity  was  difficult  because  of  their 
taste,  odor,  solubility  and  physical  properties.  Difficulties  also  arose  when 
the  vitamin  was  urgently  needed  for  emergency  use.  As  experience  with 
the  Various  clinical  types  of  prothrombin  deficiency  increased,  the  need  for 
a,  soluble  and  rapidly  acting  analogue  of  the  vitamin  became  apparent. 
Some  groups  of  investigators  found  that  a  precipitous  postoperative  fall 
in  prothrombin  occurred  even  though  the  jaundiced  patients  had  had  pre- 
sumably adequate  preoperative  preparation  with  vitamin  K  concentrates 
and  bile  salts.  This  was  true  not  only  of  patients  who  had  obstructive 
jaundice  and  disease  of  the  biliary  tract  but  also  of  patients  who  had  been 
.subjected  to  various  types  of  surgical  procedures  invoh-ing  the  stomach 
and  the  colon.  In  such  cases  of  postoperative  prothrombin  deficiency, 
hemorrhage  into  the  gastro-intestinal  tract  often  developed  rapidly  and 
precluded  in  man\'  instances  the  satisfactory  oral  administration  of  vitamin 
K  concentrates. 

The  observations  regarding  postoperative  deficiencies  mentioned  pre- 
viously bring  out  clearly  the  fact  that  there  is  little  stored  vitamin  K  in 
the  body,  at  least  in  a  form  available  for  rapid  use.  They  also  empha.size 
that,  while  prothrombin  is  present  in  amounts  considerably  in  excess  of 
those  needed  to  form  a  clot  of  the  circulating  blood,  there  are  no  important 
body  stores  of  this  material  which  can  be  drawn  on  in  emergencies. 

The  mechanics  of  the  postoperative  fall  in  prothrombin  which  is  of  such 
obvious  clinical  importance  have  been  studied  by  Cullen  and  his  associates 
(25).  They  found  that  chloroform  anesthesia  produced  a  marked  fall  in 
prothrombin,  as  one  might  expect,  knowing  the  effects  of  this  anesthetic 
on  the  parenchyma  of  the  liver.  When  ether  and  cyclopropane  were  used, 
thei"e  was  little  or  no  effect  on  prothrombin  which  could  be  ascribed  directly 
to  the  anesthetic.  Lord  (26)  had  previously  shown  that  laparotomy  on 
animals  with  vigorous  massage  of  the  liver  produces  a  marked  decline  in 
prothrombin.  Presumably,  the  factor  of  operative  trauma  is  more  im- 
portant, therefore,  than  that  of  the  anesthetic  in  the  production  of  post- 
operative hypoprothrombinemia. 

The  vitamin  K  analogues  which  have  just  been  mentioned  are  pecufiarly 
well  adapted  to  treatment  of  suddenly  developing  deficiencies  of  prothrom- 
bin. The  compound,  2-methyl-l  ,  4-naphthociuinone,  can  be  given  orally 
with  bile  salts,  or  employed  to  much  greater  advantage  in  a  form  suitable 
for  intravenous  injection.  When  given  by  the  latter  route,  this  compound 
acts  with  extreme  rapidity  and  in  about  two  hours  any  danger  from  pro- 
thrombin deficiency  has  been  eliminated.  The  compound,  4-amino-2- 
methyl  naphthol  hydrochloride  is  similarly  effective. 
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The  rapidity  of  action  of  these  vitamin  analogues  proposes  a  difficult 
question  for  the  biologic  chemist:  how  do  these  materials  act  to  form  pro- 
thrombin? It  hardly  seems  likely  that  they  serve  as  a  prosthetic  group 
in  the  prothrombin  molecule;  a  better  suggestion  is  that  they  may  act 
in  some  unknown  manner  as  catalysts. 

No  one  knows  as  yet  how  long  the  effect  of  parenterally  administered 
naphthoquinones  may  last  and  what  is  the  maintenance  requirement  of  a 
patient  who  is  not  receiving  any  vitamin  K  in  his  food  and  has  pronounced 
vitamin  K  deficiency.  The  problem  is  difficult,  if  not  impossible,  to  solve 
in  relation  to  human  subjects.  The  excellent  studies  of  Flynn  and 
Warner  (23)  on  jaundiced  rats  which  have  been  maintained  on  diets  de- 
ficient in  vitamin  K  indicate  that  maintenance  doses  of  these  compounds 
are  in  the  order  of  magnitude  of  2  gammas  twice  daily  for  a  rat  weighing 
250  gm.  Their  studies  also  indicate  that  20  gamma  doses  given  to  these 
animals  will  increase  the  concentration  of  prothrombin  from  5  per  cent 
of  normal  to  80  per  cent  within  twenty-four  hours  but  that  this  level  is 
not  maintained  long.  Within  three  days  the  quantitative  prothrombin 
level  of  some  of  the  animals  thus  treated  decreased  to  20  per  cent  of  normal. 
Flynn  and  Warner  have  further  demonstrated,  however,  that  with  larger 
and  continued  doses  a  considerable  degree  of  storage  is  maintained.  The 
clinical  application  of  these  findings  is  obvious. 

OBSERVATION  ON  CLINICAL  RESULTS  OBTAINED  BY  THE  USE  OF  THE 
ANALOGUES  OF  VITAMIN  K 

Considerable  experience  with  the  use  of  crude  vitamin  K  concentrates 
convinced  most  workers  that  there  still  was  much  to  be  desired  in  the  way 
of  therapeutic  success.  The  suddenness  and  severity  with  which  post- 
operative hemorrhage  occurred,  even  when  patients  had  been  adequately 
prepared,  precluded  successful  administration  of  the  older  compounds  by 
way  of  the  intestinal  tract,  and  there  were  a  certain  number  of  postoperative 
deaths  which  could  have  been  prevented  had  the  more  .soluble  and  easily 
available  preparations  been  available  for  general  use.  During  the  last 
year,  however,  the  vitamin  K  analogues,  mentioned  previously,  have  been 
generally  used  on  the  surgical  service  in  the  Mayo  Clinic  with  a  resulting 
drop  in  mortality  rate  which  is  very  gratifying.  Walters  and  associates 
(27)  recently  reported  that  the  mortahty  rate  for  all  surgical  procedures 
on  jaundiced  patients  fell  from  14.9  per  cent  in  1937  and  1938  to  6.4  per 
cent  in  1939  and  he  credited  these  vitamin  K  analogues  with  a  large  part 
of  this  reduction.  The  saving  in  mortahty  was  particularly  conspicuous 
in  a  group  of  patients  with  carcinoma  of  the  pancreas  who  were  subjected 
to  cholecystogastrostomy.  In  this  group  the  mortality  was  reduced  by 
half  becau.se  of  the  general  use  of  soluble  vitamin  K  analogues.  No  exact 
figures  are  as  yet  available  to  indicate  the  decrease  in  mortahtj-  effected  by 
these  compounds  in  cases  of  other  surgical  procedures  on  the  gastro-intesti- 
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nal  tract  but  personal  oxporioncc  coin  inces  us  who  ha\  e  worked  at  the 
Mayo  CUnic  that  a  considerable  number  of  lives  have  been  saved. 

The  use  of  these  compounds  in  cases  of  primary  hepatic  disease  may 
be  mentioned  briefly.  As  wa.s  stated  in  an  earlier  paragraph,  the  pro- 
thrombin deficiency  which  occurs  in  these  cases  is  due  to  failure  of  the  liver 
to  form  prothrombin  from  vitamin  K  already  present  within  the  body. 
As  the  recent  studies  of  Bollman  and  his  co-workers  (28)  indicate  and  as 
those  of  Brinkhous  and  Warner  (29)  substantiate,  no  compound  is  likely 
to  be  completely  successful  in  treatment  of  such  patients.  For  example, 
Brinkhous  and  Warner  have  shown  that  the  administration  of  vitamin  K 
fails  to  modify  in  any  way  the  fall  in  prothrombin  following  administration 
of  chloroform  or  the  rise  in  prothrombin  during  the  recovery  period.  How- 
ever, it  appears  that  with  large  and  continued  doses  the  remaining  func- 
tioning hepatic  tissue  may  be  able  to  maintain  the  quantitative  level  of 
prothrombin  sufficiently  high  to  prevent  gross  bleeding.  For  some  pa- 
tients under  our  ob.servation,  the  long  continued  use  of  large  doses  of 
2-methyl-l  ,4-naphthoquinone  has  been  moderately  successful  in  this  con- 
nection and  toxic  effects  have  not  been  noted  (30). 

The  effective  use  of  quinoid  substances  having  vitamin  K  activity  in  the 
treatment  of  the  physiologic  hypoprothrombinemia  of  the  newborn  warrants 
brief  comment.  It  has  been  demonstrated  that  the  prothrombin  level  of 
the  newborn  infant  falls,  beginning  the  second  day  after  birth,  and  continues 
at  a  low  level  for  most  of  the  first  week.  In  most  instances  the  reduction 
in  prothrombin  is  not  sufficient  to  cause  gi-oss  bleeding,  yet  it  has  been 
said  that  about  65  per  cent  of  all  infants  dying  during  the  first  week  of  life 
present  hemorrhages  in  some  organ  or  organs.  It  is  conceivable  although 
not  certain  that  this  bleeding  may  be  a  result  of  prothrombin  deficiency 
and,  hence,  it  would  .seem  desirable  to  recommend  the  routine  use  of 
naphthoquinones  in  the  hope  of  correcting  this  condition.  Vitamin  K 
analogues  suitable  for  parenteral  administration  may  be  administered  to 
mothers  during  labor  with  a  substantial  effect  on  the  prothrombin  of  the 
newborn.  The  same  compound  may  be  administered  to  infants  if  the 
prothrombin  clotting  time  increases  markedly.  The  full  possibilities  of 
this  form  of  prophylactic  treatment  have  yet  to  be  investigated,  but  on 
theoretical  grounds,  at  least,  it  would  appear  that  the  .saving  in  infant 
mortahty  and  morbidity  might  be  considerable. 
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S.  S.  LICHTMAX,  M.D.  and  JOHN  H.  GARLOCK,  M.D. 
[From  the  Medical  Service  oj  Dr.  George  Baehr  and  the  First  Surgical  Service] 

The  present  knowledge  of  the  chemical  structure  of  vitamin  K  and  of  the 
experimental  and  clinical  evidence  of  vitamin  K  deficiency  has  been 
thoroughly  reviewed  recently  by  Brinkhous  (1).  However,  the  clinical 
aspects  of  vitamin  K  deficiency  and  the  indications  for  vitamin  K  therapy 
require  further  study.  This  involves  a  knowledge  of  the  circumstances 
leading  to  vitamin  K  deficiency,  laboratory  methods  for  the  recognition 
of  such  deficiency  and  the  influence  of  vitamin  K  on  various  types  of 
bleeding. 

THE  MAJOR  CAUSES  OF  VITAMIN  K  DEFICIENCY 

Inadequate  vitamin  K  intake.  It  is  difficult  to  produce  vitamin  K  de- 
ficiency^ in  normal  adults  by  dietary  restrictions  alone.  This  is  attributed 
to  the  stored  reserve  of  this  substance  and  to  the  fact  that  intestinal 
bacteria  are  an  additional  source  of  supply.  Nutritional  vitamin  K 
deficiency  with  prolonged  prothrombin  time  was  reported  by  Kark  and 
Lozner  (2)  in  four  subjects  suffering  from  scurvj^  due  to  prolonged 
restriction  of  fruits  and  vegetables.  Esophageal  or  pyloric  obstruction  or 
the  continuous  aspiration  by  suction  of  the  contents  of  the  stomach  and 
duodenum  may  also  lead  to  vitamin  K  deficiency. 

The  impairment  of  absorption  caused  by  defective  absorptive  intestinal 
surface.  Intestinal  obstruction,  short-circuiting  operations  such  as  gastro- 
ileostomy  which  reduce  the  absorpti^•e  surface  of  the  small  bowel,  and 
diseases  associated  with  chronic  diarrhea  such  as  sprue,  ulcerative  colitis, 
dysentery,  multiple  strictures,  or  fistulas,  have  been  shown  to  produce 
vitamin  K  deficiency. 

The  impairment  of  absorption  due  to  lack  of  bile  in  the  intestine.  K- 
avitaminosis  may  result  from  lack  of  bile  salts  in  the  intestinal  tract  in 
obstructive  jaundice  and  intrahepatic  jaundice  associated  with  deficient 
biliary  excretion.  The  administration  of  bile  salts  alone  cannot  correct 
vitamin  K  deficiency  (Zuckerman,  et  al.  (14)). 

Hepatic  insufficiency  preventing  utilization  of  vitamin  K.  Organic  and 
functional  disease  of  the  hepatic  parenchyma  may  produce  K-avitaminosis 
despite  adequate  intake  and  absorption  of  vitamin  K.  The  Uver  is  ap- 
parently intimatel}''  concerned  in  the  conversion  of  vitamin  K  into  pro- 
thrombin. 
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Repeated  hemorrhage.  This  factor  itself  depletes  plasma  prothrombin 
and  aggravates  the  effect  of  other  causes  of  hvpoprothrombinemia  (Mateer 
(3)). 

In  the  evaluation  of  the  factors  producing  K-avitaminosis  it  is  important, 
therefore,  to  estabhsh  which  of  the  above  factors  alone  or  in  combination  is 
responsible  for  the  deficiency  in  any  particular  case. 

THE  CLINICAL  RECOGNITION  OF  VITAMIN  K  DEFICIENCY 

The  sole  means  of  recognizing  K-avitaminosis  at  present  is  the  demon- 
stration of  hypoprothrombinemia.  A  number  of  practical  procedures  for 
the  estimation  of  prothrombin  time  have  been  developed  (Quick,'  Brown 
and  Bancroft  (4);  Warner,  Brinkhous  and  Smith  (5);  Smith,  Ziffren, 
Owen,  Hoffman  (6);  Allen,  Julian  and  Dragstedt  (7)). 

It  is  well  recognized  that  the  body  normally  possesses  a  reserve  surplus 
of  prothrombin.  Critical  reduction  of  prothrombin  leading  to  free  bleeding 
is  fortunately  not  common.  Before  the  advent  of  vitamin  K  therapy, 
surgeons  had  reduced  the  incidence  of  bleeding  in  obstructive  jaundice 
materially  by  careful  preoperative  preparation  of  patients  with  multiple 
transfusions  and  with  intravenous  glucose  therapy.  When  hemorrhage 
occurs,  the  estimation  of  the  level  of  prothrombin  in  the  blood  constitutes, 
at  present,  the  sole  means  of  determining  whether  it  is  due  to  K-avitamino-, 
sis  or  to  some  other  factor. 

THE  CORRECTION  OF  K-AVITAMINOSIS 

Deficiency  due  to  faulty  intake  or  faulty  absorption  may  be  corrected 
by  the  oral  or  parenteral  use  of  vitamin  K  or  its  substitutes. ^  K-avitamin- 
osis resulting  from  serious  liver  dysfunction  may  be  irreversible  and  com- 
pletely fail  to  be  corrected  by  any  form  of  treatment.  The  restoration  of 
normal  liver  function  should  be  the  immediate  objective  of  treatment  in 
all  such  cases. 

'  The  Quick  technique  was  used  in  the  estimation  of  prothrombin  time  in  all  our 
cases.  The  tests  were  performed  by  members  of  the  Hematological  staff  under  the 
direction  of  Dr.  Nathan  Rosenthal. 

2  In  the  clinical  use  of  vitamin  K  (in  doses  of  1  to  2  mg.)  toxic  effects  have  not  been 
noted.  All  the  oral  preparations  used  were  found  potent.  Klotogen  (.\bbott), 
the  first  natural  product  used,  was  found  to  be  satisfactory.  With  the  advent  of 
naphthoquinone  therapy,  we  employed  2-methyl-l  ,4-naphthoquinone  in  doses  of  1 
to  2  mg.  in  the  form  of  Kagalin  and  Proklot  (Lilly),  and  Kayquinone  (Abbott).  Our 
experience  with  parenteral  therapy  has  been  limited  thus  far  to  Hykinone  (Abbott), 
an  isotonic  solution  of  the  above  named  naphthoquinone  given  in  doses  of  2  mg. 
Andrus  and  Lord  (8)  favor  the  intramuscular  use  of  this  naphthoquinone  in  corn  oil. 
For  other  naphthoquinone  derivatives  which  have  been  successfully  employed  clin- 
ically, the  reader  is  referred  to  the  papers  of  AVcir,  Butt,  and  Snell  (9)  and 
Brinkhous  (1). 

Bile  salts  were  administered  orally  in  the  form  of  Bilein  (.\bbott)  and  Bilron 
(Lilly). 
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Successful  vitamin  K  therapy.  Success  in  vitamin  K  therapy  may  be 
obtained  in  cases  of  hypoprothrombinemia  due  to  obstructive  jaundice, 
disease  of  the  gastro-intestinal  tract  (pyloric  stenosis,  ulcerative  colitis, 
dysentery,  etc.)  and  hemorrhagic  disease  of  the  newborn. 

Multiple  transfusions  of  whole  blood,  while  temporarily  effective  in 
supplying  prothrombin,  do  not  correct  K-avitaminosis. 

Failures  of  vitamin  K  therapy.  Failure  of  oral  therapy  with  vitamin  K 
or  its  substitutes  occurs  in  the  case  of  patients  with  serious  impairment  of 
liver  function  or  with  insufficient  absorption  of  the  vitamin  from  the  in- 
testinal tract.  In  the  latter  group,  effective  results  maj'  be  obtained  by 
parenteral  administration  of  the  vitamin.  Failure  of  treatment  by  either 
oral  or  parenteral  methods  is  noted  in  cirrhosis  and  other  forms  of  hepatic 
degeneration.  In  our  own  series  of  cases  vitamin  K  failed  to  modify 
hypoprothrombinemia  in  four  fatal  cases  of  portal  and  toxic  cirrhosis  in 
which  the  initial  hypoprothrombinemia  ranged  from  35  to  70  per  cent  of 
normal.  Failure  of  prothrombin  response  to  vitamin  K  also  occurred  in 
two  cases  of  prolonged  obstructive  jaundice  caused  by  stricture  of  the 
common  bile  duct  and  carcinoma  of  the  head  of  the  pancreas;  in  these 
patients  the  prothrombin  time  approximated  60  per  cent  of  normal  (Quick 
method). 

Parenteral  versus  oral  vitamin  K  therapy.  Observations  in  a  patient  with 
a  neoplasm  of  the  duodenum,  previously  treated  elsewhere  by  duodeno- 
jejunostomy, who  developed  obstructive  jaundice  illustrate  the  indications 
for  intravenous  use  of  vitamin  K.  In  this  case,  a  marked  prothrombin 
deficiency  was  raised  from  34  per  cent  of  normal  to  87  per  cent  by  a  single 
intravenous  dose  of  2  mg.  of  vitamin  K  (Hykinone).  In  five  days  the 
prothrombin  level  had  again  dropped  to  60  per  cent  of  normal  despite  oral 
administration  of  the  vitamin.  A  second  dose  of  2  mg.  of  vitamin  K 
administered  intravenously  promptly  raised  the  prothrombin  level  to 
85  per  cent  of  normal.  Interference  with  absorption  of  vitamin  K  from 
the  bowel  because  of  the  duodeno-jejunostomy  and  the  obstructive  jaundice 
caused  by  the  neoplasm  of  the  duodenum  were  probably  responsible  for 
the  failure  of  prothrombin  response  to  oral  therapy  (fig.  1). 

In  decompensated  cirrhosis,  vitamin  K  also  proved  ineffective  except  in 
one  instance  in  which  it  eventually  succeeded  in  producing  a  partial 
prothrombin  response.  In  this  type  of  case  the  factor  of  malabsorption  of 
vitamin  K  because  of  bile  salt  deficiency  is  added  to  that  of  serious  im- 
pairment of  liver  function. 

The  relationship  of  impairment  of  liver  function  to  failure  of  vitamin  K 
therapy.  It  is  generally  recognized  that  the  prothrombin  response  to 
vitamin  K  therapy  depends  upon  an  intrinsic  function  of  the  liver.  The 
degree  of  prothrombin  response  in  vitamin  K  therapy  has  already  been 
closely  correlated  with  the  results  of  the  hippuric  acid  test  (Wilson  (10)). 
Andi-us  (11)  has  stressed  the  prothrombin  response  to  vitamin  K  in  hypo- 
prothrombinemia as  a  sensitive  index  of  liver  function. 
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Fig.  2.  Comparison  of  prothrombinemia  and  the  results  of  different  types  of  liver 
function  test  (case  of  common  duct  stones,  intrahepatic  calculi,  choledochotomy, 
cholecystectomy). 
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Our  observations  indicate  that  marked  impairment  in  liver  function 
frequent!}^  co-exists  with  normal  prothrombin  levels  in  the  blood  and,  con- 
versely, that  hypoprothrombinemia  may  occur  when  liver  function  is 
found  to  be  normal  when  measured  by  standard  tests. 

The  prothrombin  response  in  patients  with  fluctuating  degrees  of  liver 
impairment  merits  attention.  Our  observations  confirm  the  established 
fact  that  liver  impairment  cannot  be  ruled  out  by  a  single  type  of  liver 
function  test.  The  prothrombin  response  to  vitamin  K  may  be  normal 
when  tests  show  one  type  of  hepatic  dysfunction  and  may  be  abnormal  in 
another  type  of  dysfunction.  For  example,  a  favorable  prothrombin 
response  to  the  oral  administration  of  vitamin  K  was  noted  in  a  patient 
with  obstructive  jaundice  due  to  common  duct  stones  and  intrahepatic 
calculi  despite  the  fact  that  the  galactose  tolerance  test  was  markedly 
positive  (fig.  2).  Upon  cessation  of  vitamin  K  therapy,  hj-poprothromb- 
inemia  (62  per  cent  of  normal)  developed  prompth',  indicating  vitamin  K 
deficiency,  although  the  liver  was  evidently  still  capable  of  utilizing  vita- 
min K.  The  plasma  cholesterol  partition  at  that  time  was  normal. 
Thereafter  the  galactose  tolerance  test  showed  improvement  even  though 
the  intensity  of  jaundice  remained  unaltered.  A  different  type  of  impair- 
ment of  liver  function  was  then  detected  by  the  abrupt  reduction  in  total 
plasma  cholesterol  and  ester  fraction.  Hypoprothrombinemia  recurred 
despite  the  oral  administration  of  vitamin  K  and  bile  salts.  Later  the 
prothrombin  response  to  vitamin  K  returned  to  a  normal  level  although 
the  cholesterol  ester  fraction  remained  low.  These  findings  .suggest  that 
an  abnormal  plasma  cholesterol  level  may  serve  to  indicate  a  type  of  liver 
injury  which  may  be  associated  with  failure  to  utilize  vitamin  K. 

THE  VALUE  OF  VITAMIN  K  IN  CHOLEMIC  AND  OTHER  TYPES  OF  BLEEDING 

It  has  been  definiteh'  established  that  vitamin  K  has  no  curative  effect 
on  the  bleeding  tendency  of  hemophiUa.  In  hemorrhagic  disease  of  the 
newboi'n  vitamin  K  is  definitely  effective  (cf.  Brinkhous  (1),  for  bibliog- 
raphj^.  Chene}'  (12)  reported  benefit  in  the  bleeding  tendency  of  three 
subjects  with  nephritic  uremia  who  had  purpura  and  epistaxis.  Bleeding 
ceased  promptly  after  parenteral  injection  of  vitamin  K.  The  abnormal 
plasma  coagulation  time  was  reduced  to  less  than  the  normal  a^'crage. 
In  one  instance  venous  thrombosis  developed.  Cheney  reported  additional 
instances  of  subclinical  K  hypovitaminosis  which  were  manifested  by  onh' 
slightly  delayed  coagulation  time  of  the  blood  and  plasma.  The  coagula- 
tion time  in  six  presumably  normal  individuals  was  reduced  to  the  low 
point  of  1  or  2  minutes  by  the  oral  or  parenteral  administration  of  vitamin 
K.  The  possibility  of  the  existence  of  subclinical  K  hypovitaminosis 
without  demonstrable  changes  in  prothrombin  time  enlarges  the  field  of 
vitamin  K  therapy.  The  application  of  vitamin  K  therapy  to  cases  of  this 
type  will  be  referred  to  again. 
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The  value  of  vitamin  K  in  the  control  of  occult  bleeding  and  hemoptysis. 
We  have  been  unalile  to  correlate  the  incidence  of  occult  ga.stro-intestinal 
bleeding  with  hypoprothrombinemia.  ^'itamin  K  therapy  failed  to 
ehminate  this  type  of  bleeding.  The  presence  of  occult  blood  in  the 
stool  of  patients  with  jaundice  must  be  regarded  in  many  instances  as 
being  unrelated  to  the  hemorrhagic  tendency  of  hypoprothrombinemia 
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Fig  3.  The  lack  of  correlation  between  incidence  of  occult  intestinal  bleeding  and 
hemoptysis  and  the  plasma  prothrombin  level.  (Obstructive  jaundice  due  to  meta- 
static carcinoma.) 

(Lichtman  (13)).  In  patients  with  ulcerative  colitis  and  associated 
hypoprothrombinemia,  vitamin  K  therapy  definitely  failed  to  control 
occult  intestinal  bleeding. 

In  a  patient  whose  colon  had  been  resected  for  adenocarcinoma,  obstruc- 
tive jaundice  due  to  periportal  metastases  developed.  Hemoptj'sis  also 
occurred  which  was  attributed  to  hypoprothrombinemia;  the  plasma  pro- 
thrombin was  18  per  cent  of  normal.    The  hemoptysis,  however,  ceased 
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before  correction  of  the  plasma  hypothrombinemia.  Occult  intestinal 
bleeding  which  developed  coincidently,  was  not  affected  by  oral  administra- 
tion of  vitamin  K,  although  the  latter  prompth^  restored  the  prothrombin 
level  to  normal  (fig.  3). 

The  value  of  vitamin  K  therapy  in  bleeding  associated  with  normal  pro- 
thrombin time.  Two  series  of  observations  may  be  included  under  this 
heading.  In  one,  a  hemorrhagic  tendency  developed  in  patients  whose 
prothrombin  time  was  normal  at  the  time  bleeding  occurred  and  who  had 
been  receiving  oral  vitamin  K  and  bile  salts.  This  phenomenon  occurred 
following  operations  for  common  duct  stone,  acute  cholecj'stitis  and  liver 
abscess.  The  bleeding  tendency  manifested  itself  by  oozing  from  the 
wound.  In  one  instance  following  laparotomy  for  common  duct  stone  a 
massive  internal  hemorrhage  occurred  with  a  sudden  drop  in  hemoglobin. 
The  patient  made  an  uneventful  recovery.  This  type  of  bleeding,  there- 
fore, occuiTed  independently  of  prothrombin  deficiency  and  in  spite  of 
vitamin  K  therapy. 

In  another  small  group  of  cases  of  patients  with  normal  prothrombin 
time  it  was  our  impression  that  the  intravenous  administration  of  vitamin 
K  promptly  relieved  spontaneous  bleeding  from  surgical  wounds.  One 
instance  of  this  type  of  hemostasis  was  encountered  in  a  patient  with  a 
fecal  fistula  which  followed  resection  of  the  colon  for  ulcerative  colitis. 
In  another  patient,  postoperative  oozing  of  blood  from  the  wound  followed 
drainage  of  a  liver  abscess;  the  bleeding  stopped  after  a  single  intravenous 
injection  of  vitamin  K.  Such  evidence,  although  far  from  conclusive, 
warrants  the  further  extension  of  vitamin  K  therapy  irrespective  of  the 
prothrombin  level  of  the  circulating  blood.  Weir,  Butt  and  Snell  (9) 
cite  a  similar  observation  in  a  jaundiced  subject  with  probable  stricture 
of  the  common  bile  duct  who  had  received  vitamin  K  pre-operatively. 
Capillary  oozing,  noted  at  the  operating  table,  was  promptly  controlled 
by  intravenous  vitamin  K. 

SUMMARY 

The  value  of  vitamin  K  in  the  prevention  and  relief  of  bleeding  due  to 
hypothrombinemia  is  now  definitely  established. 

Vitamin  K  will  not  correct  hypoprothrombinemia  if  it  fails  to  reach, 
or  be  utilized  by,  the  liver.  The  parenteral  administration  of  vitamin  K 
makes  vitamin  K  available  to  the  liver,  but  does  not  necessarih^  assure 
its  utilization  b)^  this  organ. 

In  hypoprothrombinemia  due  to  faulty  utilization  of  vitamin  K  by  the 
liver,  special  attention  must  be  paid  to  the  treatment  of  the  underlying 
liver  damage  as  well  as  to  the  deficiency  of  vitamin  K.  The  plasma  pro- 
thrombin response  to  vitamin  K  depends  upon  an  intrinsic  function  of 
the  liver  which  may  or  may  not  be  correlated  with  the  results  of  standard 
liver  function  tests. 
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The  correction  of  hypoprothroml:)inemia  fails  to  benefit  in  some  in- 
stances of  bleeding  assunietl  to  have  resulted  from  it.  Bleeding  of  the 
types  such  as  occult  intestinal  hemorrhage  or  hemoptysis,  attributed  to 
hypoprothrombinemia  is  not  always  benefited  by  the  correction  of  the 
prothrombin  deficiency.  On  the  other  hand,  there  is  evidence  favoring 
vitamin  K  control  of  postoperative  and  other  types  of  bleeding  in  patients 
with  normal  plasma  prothrombin  values. 
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A  CASE  OF  XANTHINE  CALCULP 
A.  HYMAX,  M.D.,  and  H.  E.  LEITER,  M.D. 

Xanthine  calculosis  in  the  urinary  tract  is  of  such  rarity  that  its  occur- 
rence at  this  hospital  merits  pubhcation.  From  the  chnical  urological 
standpoint,  these  calcuH  differ  in  no  way  from  other  types  of  urinary  calcuU. 
They  are,  however,  of  considerable  physiological  and  chemical  interest 
because  they  represent  a  disturbance  of  protein  metabolism  and  are  thus 
allied  to  uric  acid  and  cystine  calculosis. 

The  following  is  the  eighteenth  case  in  the  Hterature  of  xanthine  stone 
in  the  urinary  tract. 

CASE  REPORT 

History.  (Adm.  441887.)  A.  K.,  a  married  woman,  27  years  of  age,  was  first  seen 
on  November  30,  1938,  because  of  pyuria  and  recurrent  episodes  of  pyelonephritis. 
The  first  attack  occurred  twelve  daj's  after  an  appendectomy  in  1928.  In  December, 
1932,  she  had  another  episode  of  left  pyelonepritis  which  kept  her  in  bed  for  one 
week.  In  1933,  she  again  had  pyelonephritis  and  in  1936  she  passed  some  urinary 
gravel.  In  October,  1938,  following  an  upper  respiratory  infection,  she  developed 
left  lumbar  pain  and  a  temperature  of  103°F.  Since  that  time  she  has  been  running 
a  low  grade  fever  associated  with  persistent  pyuric  with  staphylococcus  aureus  and 
colon  bacilli  in  the  urine  culture.  This  pyuria  failed  to  respond  to  mandelic  acid  and 
sulfanilamide  therapy. 

Examination.  The  patient  was  obese  with  some  evidences  of  hypopituitarism 
and  hypothyroidism.  There  were  no  other  abnormalities  aside  from  a  mild  left 
lumbar  tenderness. 

A  plain  roentgenogram  of  the  urinary  tract  disclosed  the  presence  of  a  stone  the 
size  of  an  olive  in  the  lower  pole  of  the  left  kidney  and  a  smaller  calculus  in  the  region 
of  the  middle  calyx.  Excretory  urograms  revealed  a  normal  right  kidney  pelvis  and 
ureter.  The  left  kidney  showed  good  excretion  with  the  stones  in  the  lower  and 
middle  calyces. 

Course.  She  was  admitted  to  The  Mount  Sinai  Hospital  and  on  December  9, 
1938,  the  left  renal  calculi  were  removed  through  two  nephrotomy  incisions.  Her 
postoperative  course  was  rather  stormy  at  first  but  after  a  few  days  was  uneventful. 
The  calculi  were  composed  of  ammonium  magnesium  phosphates. 

On  June  10,  1939,  she  was  readmitted  to  this  hospital  with  a  temperature  of  104°F., 
nausea  and  persistent  vomiting,  right  lumbar  pain  and  a  blood  urea  nitrogen  of  77 
mg.  per  cent.  Cystoscopic  examination  disclosed  a  retention  of  40  cc.  of  thick  milky 
urine  within  the  right  kidney.  A  large  catheter  was  left  indwelling  in  the  right  renal 
pelvis.  Following  a  transfusion  and  large  amounts  of  intravenous  fluids,  her  con- 
dition improved  rapidly  and  the  blood  urea  nitrogen  came  down  to  17  mg.  per  cent. 
A  plain  roentgenogram  of  the  urinary  tract  at  this  time  showed  a  few  small  con- 


'  Read  before  the  monthly  Urologic  Conference  of  Dr.  A.  Hyman,  The  Mount 
Sinai  Hospital,  March,  1940. 

84 


A  CASE  OF  XANTHINE  CALCULI 


85 


cretions  in  the  lower  pole  of  the  left  kidney  and  a  small  shadow  in  the  region  of  the 
right  kidney. 

On  January  27,  1940,  the  patient  reported  that  she  had  been  well  until  one  week 
before  when  she  developed  pain  in  her  right  lumbar  region.  This  was  followed  by 
fever  and  pyuria.  A  flat  plate  of  the  urinary  tract  was  taken  and  revealed  the  pres- 
ence of  two  calculi  in  the  lower  end  of  the  right  ureter,  each  Ij  by  j  centimeter.  Ex- 
cretory urography  disclosed  a  mild  dilatation  of  the  right  renal  pelvis  and  ureter 
above  the  stones. 

The  patient  was  readmitted  to  the  hospital  on  February  1,  1940.  The  day  before 
admission  she  passed  one  calculus  which  was  yellowish  in  appearance  and  immedi- 
ately suggested  an  organic  type  of  stone.  She  was  cystoscojKHl  and  a  number  5 
ureter  catheter  was  made  indwelling  in  the  right  ureter  for  ninety-six  hours,  .\fter 
removal  of  the  catheter  and  the  administration  of  one  ampoule  of  prostigmin  1:2000 


Fia.  1.  Intravenous  pyelogram  showing  tlic  presence  of  two  calculi  in  the  lower  end 

of  the  right  ureter 

every  two  hours  for  three  doses,  the  patient  passed  the  second  calculus.  These 
calculi  were  smooth  and  yellowish  in  color,  and  on  chemical  examination  by  Miss 
Miriam  Reiner  were  found  to  consist  of  pure  xanthine  with  a  small  trace  of  calcium. ^ 

DISCUSSION 

Biochemistry.  Uric  acid  is  excreted  by  molluscs,  arthropods  and  in- 
sects. In  fishes  and  amphibia,  its  place  is  taken  by  urea.  In  reptiles  and 
birds,  uric  acid  is  again  the  predominant  excretory  product  of  protein 
metabolism  and  in  mammals  with  rare  exceptions  (Dalmatian  dog)  urea 
again  is  the  chief  waste  product  (1). 

The  purines  in  man  are  both  exogenous  and  endogenous  in  origin. 

-  The  unusual  nature  of  the  stones  was  recognized  by  Miriam  Pa-iner,  M.Sc,  whose 
kind  cooperation  we  wish  to  acknowledge. 
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The  latter  is  derived  from  the  breaking  down  of  nuclein  and  nucleic  acid. 
The  former  is  derived  from  foods  which  have  a  large  amount  of  nucleo- 
proteins  such  a-s  meat,  liver,  sweetbreads,  kidney.  Another  source  of 
exogenous  purine  are  the  methylpurines  which  are  found  in  coffee,  tea, 
cocoa  and  which  in  their  passage  through  the  body  lose  the  methyl  radical 
and  are  eliminated  as  xanthine  and  hypoxanthine.  In  the  metabolism  of 
nucleic  acid  the  latter  is  first  broken  into  two  dinucleotides  containing 
purine  and  pyrimidine  by  an  enzyme  tetranuclease.  The  purine  nucleo- 
tides are  then  converted  into  the  nucleosides  adenosine  and  guanosine 
which,  after  action  by  special  enzymes  are  then  changed  to  adenine  and 
guanine. 

By  deaminization,  the  four  substances,  adenine,  guanine,  adenosine  and 
guanosine  are  changed  into  hydroxypurines.  Thus,  hypoxanthine  is 
monohydroxypurine;  xanthine  is  dihydroxypurine  and  uric  acid  is  tri- 
hydroxypurine.  Hypoxanthine  and  xanthine  are  in  part  converted  by 
oxidation  into  uric  acid.  Jones  (2)  reports  that  in  man,  the  liver  is  the 
only  organ  from  which  an  enzjmie  can  be  obtained  capable  of  oxidizing 
xanthine  to  uric  acid.  Thus,  the  liver  is  the  most  probable  site  of  uric 
acid  formation  in  man.  The  following  chemical  formulas  show  how  closely 
xanthine  and  uric  acid  are  allied. 

Xanthine    HN— CO  HX— CO  Uric  Acid 

I     I  !  I 

OC    C— XH  OC    C— XH 

\ 


CH 


CO 


HX— C— X  HX— C— XH 

It  has  been  stated  that  90  per  cent  of  the  purine  nitrogen  in  the  urine  is  in 
the  form  of  uric  acid  and  8  per  cent  is  made  up  by  the  purine  bases.  Thus, 
with  an  estimated  daily  output  of  0.4  to  1  per  cent  uric  acid,  the  purine 
bases  would  amount  to  one  tenth  of  this  quantity  (3). 

The  first  xanthine  stone  was  described  by  Marcet  (4)  in  1817.  This 
calculus  was  subjected  to  a  number  of  chemical  analy.ses  in  the  succeeding 
thirty  years.  In  1937,  Kretschmer  (5)  wTOte  an  excellent  paper  on  this 
subject,  summarized  the  reports  in  the  literature  and  reported  the  case  of 
a  man  with  a  large  xanthine  vesical  calculus  which  was  removed  by  lith- 
alopaxy. 

Since  then,  Ratner  and  Strasberg  (6)  reported  another  case  in  a  woman 
who  pa.ssed  two  calculi,  each  2  by  1^  centimeters,  and  which  were  composed 
of  xanthine  60  per  cent,  uric  acid  30  per  cent  and  calcium  oxalate  10  per 
cent.  We  take  the  liberty  of  emphasizing  a  few  of  the  features  brought 
out  in  the  study  of  sixteen  cases  by  Kretschmer. 

Physical  Characteristics.  The  color  varies  from  canary  yellow  to  light 
or  dark  brown;  they  are  smooth,  waxy,  shiny  if  rubbed  ■n'ith  a  cloth  and 
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rather  hard.  In  the  cases  of  Kretschmer,  Ratner  and  Strasberg  and  in 
our  case  the  roentgenogram  revealed  a  shadow  cast  by  the  xanthine  stone. 
In  Ratner's  patient  the  opacity  to  the  x-rays  was  attributed  by  the  authors 
to  the  presence  of  10  per  cent  calcium  oxalate. 

Any  stone  containing  90  to  95  per  cent  of  any  one  salt  is  considered  a 
pure  stone  in  practice.  .Aschner's  case  had  two  distinct  kinds  of  stones, 
the  smaller  ones  were  pure  xanthine  (99.2  per  cent),  while  the  larger  ones 
showed  the  presence  of  calcium  phosphate,  69.4  per  cent;  calcium  oxalate, 
30.5  per  cent;  and  xanthine,  0.1  per  cent.  In  Israel's  case  of  bilateral 
calculi,  the  right-sided  stones  were  pure  xanthine  with  traces  of  phosphates 
and  carbonates  while  the  stones  on  the  left  side  were  composed  of  uric  acid. 
The  stone  in  White's  case  was  composed  of  xanthine  and  cystine  with  an 
outer  layer  of  triple  phosphates.  Cystine  calculi  were  removed  from  the 
opposite  kidney  a  few  months  later. 

Of  the  16  cases,  8  were  in  the  liladder,  3  were  in  the  kidney  and  in  4  cases 
the  site  was  not  mentioned.  The  youngest  patient  was  4  years  of  age  and 
the  oldest  was  69  years.  The  gi'eate.st  incidence  was  between  the  ages  of 
4  and  15  years.  Male  patients  predominated.  The  largest  stone  was 
2  inches  in  diameter  and  weighed  350  grams.  In  11  cases  the  stone  was 
single;  in  3,  they  were  multiple;  and  in  2  ca.ses  there  was  no  mention  of 
this  point. 

A  review  of  the  literature  discloses  only  a  few  instances  of  passage  of 
stones  which  under  ordinary  circumstances  would  appear  too  large  to 
pass  spontaneously  from  the  ureter  as  in  our  case  and  that  of  Ratner  and 
Strasberg  (6).  Perhaps  this  is  made  possible  by  the  fact  that  these  stones 
are  smooth. 

Treatment.  The  problems  of  therapy  in  cases  of  xanthine  calculi  are 
identical  with  those  appUed  to  any  other  stones  in  the  urinary  tract.  From 
the  standpoint  of  prevention  of  recurrence,  it  would  appear  that  the  follow- 
ing regime  seems  indicated.  There  should  be  a  large  fluid  intake  so  that 
the  urine  has  a  low  specific  gravity.  The  diet  should  be  mixed  with  a 
preponderance  of  vegetables,  fat,  carbohydrates  with  a  low  purine  intake. 
Liver,  brain,  sweetbreads,  kidney,  roe,  meat  extract,  coffee,  tea,  alcohol, 
cocoa,  chocolate  and  asparagus  should  be  avoided. 

Excessive  intake  of  salt,  salt  meat  and  fish  are  likewise  to  be  restricted 
because  uric  acid  precipitates  more  readily  in  an  abundantly  salty  urine. 

SUMMARY 

1.  A  case  of  xanthine  calculi  in  the  urinary  tract  is  reported.^  This  is 
the  eighteenth  case  in  the  literature. 

2.  Some  interesting  features  of  the  biochemi.stry  of  the  purines  and  of 
cases  of  xanthine  calculi  reported  in  the  literature  are  reviewed. 

'  Since  this  paper  has  been  submitted  for  publication,  the  patient  passed  a  small 
calculus,  which  on  examination  was  found  to  be  composed  of  cystine. 
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ARTHUR  M.  -MASTER,  M.D.,  HENRY  H.  KALTER,  M.D.,  and 
SIMON  BACK,  M.D. 

[From  the  Cardiographic  Laboratory,  and  the  Medical  Service  of  Dr.  George  Baehr] 

A  survey  of  the  litei'ature  of  pneumothorax  reveals  but  few  reports  of 
electrocardiographic  changes  in  this  condition.  In  1913,  Egan  (1)  studied 
two  cases  of  artificial  pneumothorax  and  noted  P-wave  changes,  alterations 
of  the  voltage  of  the  QRS  complexes  and  axis  deviation.  Another  investi- 
gator, Rehberg  (2),  found  an  increase  in  the  size  of  the  P-waves  and  a 
decrease  in  the  amplitude  of  the  T-waves  in  artificial  pneumothorax.  He 
attributed  the.se  changes  to  vagus  stimulation.  Ontaneda,  Mazzei  and 
Pasqualini  (3)  reported  two  cases  of  spontaneous  pneumothorax,  the  onset 
of  which  simulated  the  syndrome  of  angina  pectoris.  The  electrocardio- 
grams showed  lowering  of  the  T-waves.  More  extensive  electrocardio- 
graphic changes  in  the  standard  leads  in  spontaneous  pneumothorax  were 
reported  by  Master  (4).  These  changes  consisted  of  left  or  right  or  unusual 
axis  deviation,  low  voltage  of  the  QRS  complex,  depression  or  elevation  of  , 
the  RS-T  transition,  and  flattening  or  inversion  of  the  T-waves.  They 
were  attributed  to  rotation  and  displacement  of  the  heart.  Master  em- 
phasized that  the  electrocardiogram  may  resemble  that  obtained  in  myo- 
cardial damage  and  even  in  coronaiy  occlusion.  More  recently,  Master 
and  his  associates  (5)  reported  several  other  cases  of  pneumothorax  with 
abnormalities  in  the  precordial  lead  consisting  of  inversion  of  the  T-wave 
and  a  very  small  or  absent  initial  positive  deflection.  These  changes 
resembled  those  seen  in  myocardial  infarction.  The  .standard  and  the 
precordial  leads  in  these  cases  became  normal  after  reexpansion  of  the 
lung.  These  observations  are  of  significance  because  in  patients  of  middle 
age  with  spontaneous  pneumothorax  the  cHnical  picture  may  often  simulate 
that  of  coronary  occlusion.  The  occurrence  of  severe  chest  pain  and  the 
presence  of  suggestive  electrocardiographic  abnormalities  may  thus  lead 
to  an  erroneous  diagnosis.    The  following  case  emphasizes  this  point. 

CASE  REPORT 

History.  (\dm.  372886.)  .\.  L.,  a  man,  50  years  of  age,  was  suddenly  seized,  while 
dressing,  with  extremely  severe  squeezing  pain  in  the  left  anterior  chest,  radiating 
down  to  the  left  elbow.  He  was  told  that  he  had  suffered  a  "heart  attark"  and  was, 
therefore,  referred  to  the  hospital  two  days  later  on  October  30,  1934.  The  severe 
pain  had  persisted  for  two  days. 
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Examination.  The  patient  was  a  thin,  rather  well  developed  man,  who  complained 
of  a  tight  feeling  in  the  left  chest.  Slight  cyanosis  of  the  lips  was  present.  The  heart 
was  not  enlarged;  the  apical  impulse  was  felt  just  within  the  left  nipple.  The  heart 
sounds  were  distant  and  there  were  no  murmurs.  The  rhythm  was  regular,  the 
rate  was  100  per  minute,  and  the  blood  pressure  was  120  systolic  and  70  diastolic.  The 
radial  arteries  were  moderately  sclerotic.  The  left  chest  was  hyperresonant,  and 
the  breath  sounds  were  diminished  to  absent.  Vocal  fremitus  over  the  left  chest  was 
also  absent.  The  right  chest  was  normal.  These  signs  were  attributed  to  spon- 
taneous left  pneumothorax  with  collapse  of  the  left  lung. 


A  11/5/3  If   C  10/21/56. 


Fig.  1.  A.  November  3,  1934,  five  days  after  onset  of  pneumothorax.  Electro- 
cardiogram reveals  an  unusual  axis  deviation  (low  R-1  and  deep  S-2  and  S-3).  The 
R-4  is  very  small,  varying  from  0  to  i  mm.    T-4  is  diphasic. 

B.  November  8,  1934.  Sinus  bradycardia  rate  58.  The  QRS  voltage  is  lower, 
R-4  is  unchanged,  and  T-4  is  inverted. 

C.  October  21,  1936.  Follow-up  record.  Lung  completely  reexpanded.  The 
electrical  axis  is  more  normal.  Lead  IV  is  now  entirely  normal;  R-4  is  of  normal 
amplitude  and  T-4  is  upright. 

Course.  A  slight  leucocytosis  of  12,300  was  present,  with  58  per  cent  polymorpho- 
nuclear leucocytes.  The  sedimentation  rate  was  normal  (U  hours).  The  tem- 
perature rose  on  the  second  and  third  day  to  102. 4°F.,  and  returned  to  normal  levels 
on  the  fourth  day  of  admission.  The  blood  pressure  dropped  to  80  systolic  and  58 
diastolic  on  the  third  day.  Subsequent  readings  were  normal.  The  venous  pressure 
measured  4  cm.,  with  no  rise  on  right  upper  quadrant  pressure,  and  the  saccharin 
circulation  time  was  15  seconds.  These  were  normal  readings.  On  November  2, 
x-ray  examination  revealed  a  left  pneumothorax  with  50  per  cent  collapse  of  the 
left  lung.  On  discharge  on  December  4,  the  left  lung  had  completely  reexpanded. 
Some  chest  discomfort  persisted  for  about  a  month  despite  definite  objective  im- 
provement. 

The  electrocardiogram  taken  on  November  3  (Fig.  lA),  five  days  after  the  onset 
of  his  illness,  showed  a  regular  sinus  rhythm,  rate  95  to  100  per  minute.  There  was 
an  unusual  axis  deviation,  the  QRS  complex  in  lead  I  being  of  very  low  amplitude 
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and  shu  rccl,  and  a  deep  S-wavo  being  present  in  leads  II  and  III.  The  initial  positive 
tleflection  in  the  precordial  lead  (R-4)  varied  from  absent  to  5  mm.  The  T-wave  was 
diphasic  in  lead  IV.  On  November  8  (Fig.  IB)  the  heart  rate  was  58  to  65,  and  T-4 
had  become  completely  inverted.  A  check-up  examination  in  October,  1936,  two 
years  later  (Fig.  IC)  revealed  that  the  electrocardiogram,  including  the  precordial 
lead,  had  become  entirely  normal. 

COMMENT 

The  case  presented  is  that  of  a  patient  in  the  coronary  age  group,  who 
suffered  an  acute  attack  of  severe  squeezing  precordial  pain,  radiating 
down  the  left  arm.  The  patient  was  referred  to  the  hospital  with  the 
diagnosis  of  acute  coronary  occlusion.  The  electrocardiogram  showed  a 
pattern  suggestive  of  myocardial  infarction.  The  transient  fall  in  blood 
pressure,  slight  leucocytosis  and  fever  also  pointed  to  such  a  diagnosis. 
However,  the  physical  and  x-ray  findings  were  those  of  a  spontaneous  left 
pneumothorax. 

The  most  striking  electrocardiographic  changes  in  this  case,  as  in  the 
ones  previously  reported  (5),  appeared  in  the  precordial  lead,  and  con- 
sisted of  absence  of  the  initial  positive  deflection  (presence  of  a  deep  Q-4) 
and  inversion  of  the  T-4.  Such  a  pattern  is  characteristic  of  infarction 
of  the  anterior  surface  of  the  left  ventricle.  In  this  case,  however,  myo- 
cardial infarction  was  not  present.  All  the  symptoms  and  signs  could  be 
attributed  to  the  left  pneumothorax,  and  all  the  abnormalities  disappeared 
with  i-eexpansion  of  the  lung.  Undoubtedly,  the  electrocardiographic 
changes  were  associated  with  rotation  and  displacement  of  the  heart, 
which  has  been  shown  to  have  a  marked  effect  on  the  electrocardiogram  (6). 

This  case  demonstrates  that  in  spontaneous  pneumothorax,  not  only 
the  character  and  location  of  the  pain,  but  also  the  electrocardiographic 
changes  produced  by  the  cardiac  rotation  or  displacement,  may  be  vm- 
distinguishable  from  the  pain  and  electrocardiographic  abnormalities 
observed  in  acute  coronary  occlusion 
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In  a  recent  review  of  brain  tumors  in  children  (to  be  published),  com- 
prising the  neuropathological  and  neurosurgical  collection  at  The  INIount 
Sinai  Hospital,  eight  out  of  fifteen  surviving  cases  were  instances  of  pial 
(i.e.,  vascular)  malformations,  infratentorial  in  location.  They  had  been 
variously  labelled  as:  vascular  malformation  with  secondary  glial  reaction, 
hemangio-endothelioma,  hemangioma,  and  hemangiomatous  meningeoma, 
terms  indicating  various  expressions  of  a  basically  similar  condition.  Out 
of  seven  cases  with  a  five  year  .survival  period,  five  belonged  to  this  group 
of  vascular  malformations.  There  was  only  one  such  case  in  the  Ust  of 
fatalities.  Thus,  it  may  be  assumed  that  these  tumors  offer  the  best 
opportunity  for  successful  surgical  intervention. 

The  following  case  is  a  recent  addition  to  this  group.  It  is  a  rather  un- 
usual type  of  vascular  malformation  and,  in  addition,  it  was  found  in  an 
unusual  anatomical  position.  But,  most  important  of  all,  is  the  complete 
and  maintained  postoperative  recovery  of  the  patient. 

CASE  REPORT 

History.  (Adm.  430195.)  A  boy,  13  years  of  age,  entered  the  Neurological  Service 
of  Dr.  Israel  S.  Wechsler  on  September  29,  1938.  His  illness  had  begun  early  in  1936 
with  periods  of  dull  pain  at  the  back  of  his  head  and  neck  following  exertion.  Soon 
thereafter,  persistent  early  morning  vomiting  set  in  often  associated  with  occipital 
pain.  In  the  course  of  a  year,  he  became  too  weak  to  attend  school  although  he  still 
maintained  some  out-of-doors  activity.  Five  months  before  admission  he  began  to 
experience  peculiar  episodes  of  "smeared"  vision,  occurring  once  a  week  and  lasting 
about  an  hour.  Then  he  began  to  suffer  from  intermittent  attacks  of  pain  over  his 
left  eye.  The  pain  recurred  at  intervals  of  several  daj's,  lasting  a  few  hours  each  time 
and  vanishing  without  medication.  Next  he  noticed  that  he  would  become  dizz^' 
while  playing.  In  addition,  dizziness  and  an  "uncomfortable  feeling"  would  occur  if 
he  would  lie  flat  on  his  back.  He  had  learned  that  he  could  avoid  these  sensations  and 
the  occipital  pain,  whether  in  motion  or  at  rest,  hy  bending  his  head  slightly  forward 
and  tilting  it  to  the  right  side,  and  holding  it  fixed  in  the  resulting  position.  To  this 
end  he  woidd  sleep  with  his  head  propped  up  on  two  pillows.  During  the  year  pre- 
ceding admission,  he  had  lost  twelve  pounds  in  weight. 

Examination.  The  boy  was  thin  and  pooly  developed.  When  walking  or  lying 
he  held  his  head  in  a  fixed  position,  bent  slightly  forward  with  the  chin  turned  to 
the  left  side.    If  he  turned  to  the  left  or  right  side  while  walking,  he  would  become 
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dizzy.  With  his  ej^es  closed  he  tended  to  veer  to  the  right.  When  his  head  was 
tilted  backwards  he  experienced  the  "uncomfortable  feeling"  which  he  said  was  not 
dizziness  but  which  he  could  not  characterize  more  precisely.  With  his  head  in  this 
position,  whether  he  was  erect  or  lying  flat  on  his  back,  a  coarse  nystagmus  to  the 
right  side  would  appear.  His  fundi  showed  early  bilateral  papilledema.  The  corneal 
reflex  was  absent  on  the  right  side  and  diminished  on  the  left.  His  hands  and  feet, 
when  extended,  displayed  coarse,  rapid  tremors.  The  deep  tendon  reflexes  were 
hyperactive.  His  blood  pressure  was  115  systolic  and  80  diastolic.  There  was  a 
yellow,  strawberrj'-like  patch  in  the  skin  behind  his  left  ear. 

Laboratory  Data.  Cerebrospinal  fluid:  clear  and  colorless;  initial  pressure,  320 
mm.  of  water;  Ayala  index,  5;  cells,  0;  Pandy  test,  4  plus;  total  protein,  92  mg.  per 
cent.  The  Wassermann  reaction  was  negative  in  the  blood  and  the  cerebrospinal 
fluid. 

Course.  The  diagnosis  of  an  infratentorial  neoplasm,  probably  intraventricular 
in  location,  was  made.  On  subsequent  examination,  localized  tenderness  was  found 
over  the  second  cervical  vertebra.  It  was  then  felt  that  the  tumor  probably  extended 
below  the  foramen  magnum.  Bilateral  trephine  operations  and  ventricular  punc- 
tures, performed  by  Dr.  Sidney  Gross  (service  of  Dr.  Ira  Cohen)  one  week  after  the 


Fig.  1.  The  cyst  as  removed  at  operation 

patient's  admission,  disclosed  an  internal  hydrocephalus  and  the  patient  was  im- 
mediately subjected  to  a  suboccipital  craniotomj-.  An  elliptical-shaped  cyst,  meas- 
uring by  6  by  6  cm.  and  containing  clear,  yellowish  fluid,  was  found  in  an  enlarged 
fourth  ventricle.  At  its  upper  pole  the  cyst  separated  the  lobes  of  the  cerebellum 
and  was  invested  by  a  "thin  arachnoidal-like  membrane."'  From  the  undcrsurface 
of  its  body  delicate  fibers,  described  as  resembling  a  spider  web,  extended  to  the  floor 
of  the  ventricle.  The  lower  pole  of  the  mass,  less  firmly  attached  than  the  upper, 
extended  into  the  spinal  canal.  The  mass  appeared  to  be  well-encapsulated  and  was 
readily  removed  in  tola  by  blunt  dissection  (fig.  1). 

Surgical  Pathology.  (Surg.  64280.)  The  mass  on  closer  examination  appeared 
to  be  composed  of  a  smooth  glistening  transparent  membrane  applied  to  a  somewhat 
fleshy  substance.  On  sectioning  this  was  found  to  be  a  wall  about  7  mm.  thick.  The 
inner  surface  presented  a  glistening,  irregular,  wrinkled  appearance. 

The  microscopic  findings  reported  by  Dr.  J.  H.  (ilobus  read  as  follows:  '  Cross- 
sections  of  numerous  areas  of  the  cyst  wall  were  stained  with  the  various  histological 
techniques.  One  region,  which  is  somewhat  thicker  than  the  other  areas  examined, 
discloses  the  essential  features  of  the  cyst  wall  (fig.  2.\).  There  is  an  outer  zone  com- 
posed of  intertwining  bundles  of  collagenous  fibers  and  an  inner  zone  consisting  of 
clusters  of  irregularly  shaped  endothclial-lined  channels,  usually  containing  blood 


94 


JOSEPH  M.   ZUCKER  AND  E.   PUMPIAX  MIXDLIX 


cells.  Between  these  two  zones  there  is  a  narrow  region  of  transition  as  the  col- 
lagenous elements  diminish  in  number  and  the  vascular  elements  increase.  In  the 
inner  zone  many  of  the  vessels  are  encircled  by  areas  of  fibrosis  and  hyalinization. 
In  the  transitional  region  there  are  vessels  and  connective  tissue  fibers  partially  or 
completely'  calcified  (fig.  2B).  Near  some  of  them  there  are  small  sheets  of  epithelial 
cells,  probably  ependymal  (fig.  2C).  Throughout  the  more  vascular  zone,  but  par- 
ticularly in  the  transitional  area,  there  are  numerous  pigment-laden  cells,  evidence 
of  previous  extravasations  of  red  blood  cells.  Scarlet  Red  preparations  display  oc- 
casional aggregates  of  fat-laden  phagocytes.  In  the  more  vascular  layer,  isolated 
collagenous  bundles,  cut  in  cross-section  and  displaj'ing  round  to  pyriform  outlines, 


Fig.  2A.  A  cross-section  of  the  cyst  wall  showing  the  dense  collagenous  zone  on 
the  left  and  a  wider  hemangiomatous  zone  to  the  right  (hemato.xylin-eosin,  photo- 
micrograph, 30X). 

Fig.  2B.  An  area  in  the  hemangiomatous  zone  showing  calcification  of  blood 
vessels  and  calcification  of  connective  tissue  fibers  (hematoxvlin-eosin,  photomicro- 
graph, 310X). 

Fig.  2C.  Groups  of  epithelial  cells  in  the  tumor  (probablj-  ependj'mal)  in  the 
proximity  of  areas  of  calcification  (hematoxjdin-eosin,  photomicrograph,  475X). 

resembled  abnormal  cell  forms.  In  hematoxylin-eosin  and  Mallory  preparations  the 
central  mass  of  these  bundles  stains  poorly  or  not  at  all.  However,  the  Mallory  stain 
discloses  a  narrow  band  of  connective  tissue  enclosing  each  of  these  '"bodies"  and 
their  true  character  becomes  apparent.  Silver  and  gold  preparations  bring  out  the 
vascular  pattern  and  the  meshwork  of  connective  fibrils  throughout  the  tissue.  The 
diagnosis  is  cystic  hemangiomatous  meningeoma,  arising  probably  from  the  meninges 
in  the  roof  of  the  posterior  part  of  the  fourth  ventricle.  The  presence  of  ependymal 
cells  would  indicate  that  the  tela  choroidea  of  this  region  contributed  to  some  extent 
in  the  development  of  the  cyst." 

Postoperative  Course.    Re-examination  of  the  patient  several  days  after  operation 
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showed  slight  blurring  of  the  nasal  margin  of  the  left  disc,  a  coarse  rolling  nystagmus 
to  the  left  and  right  sides,  a  mild  generalized  hypotonia,  and  depressed  but  e(iual 
deep  tendon  reflexes.  For  one  week  postoperatively  the  patient's  temperature  was 
somewhat  elevated  (101°F.  to  103°F.).  Then  over  a  period  of  several  days,  it  fell 
gradually  to  normal.  But,  after  one  day,  a  spiking  temperature  set  in  with  a  daily 
rise  to  103°F.  (usually  in  the  morning).  This  persisted  for  the  next  seven  weeks. 
Although  his  pulse  rate  varied  considerably  (90  to  120  per  minute,  occasionally  to 
140  per  minute),  these  changes  did  not  synchronize  with  the  changes  in  temperature. 
His  respiratory  rate  during  this  period  remained  within  normal  limits.  The  tem- 
perature elevation  was  accompanied  by  no  subjective  complaints  and  there  were 
no  laboratory  or  physical  findings  to  account  for  it. 

Six  weeks  after  operation  a  phj'sical  examination  disclosed  some  of  the  signs  found 
on  admission  but  they  were  now  diminished  in  intensity.  He  was  tense  and  would 
not  walk  freely,  but  his  gait  was  only  slightly  unsteady  and  he  had  no  difficulty  in 
turning.  There  was  some  posturing  of  the  head  to  the  right  but  no  stiffness  of  the 
neck.  The  nasal  margin  of  the  left  disc  still  showed  a  slight  blurring.  The  nystag- 
mus, coarse  and  rolling,  occurred  only  on  right  lateral  gaze.  The  upper  and  lower 
extremities  displayed  tremors  only  occasionally  on  extension.  There  was  also  a 
slight  ataxia,  more  marked  on  the  right  side.  ,\11  the  deep  tendon  reflexes  were 
hyperactive. 

Two  weeks  later,  eight  weeks  after  operation,  the  patient  began  to  experience 
severe  headache  and  vomiting  and  for  the  first  time  exhibited  subjective  signs  of 
fever.  There  was  some  bulging  of  the  operative  decompression  and  some  tenderness 
over  the  upper  cervical  spine.  The  fundi  were  normal.  There  was  practically  no 
ataxia.  Otherwise  the  physical  findings  were  the  same  as  at  the  previous  examina- 
tion. The  blood  showed  a  Icucocytosis  of  20,000  cells  per  cubic  millimeter  of  which 
85  per  cent  were  segmented  polymorphoiuiclcar  neutrophiles.  On  the  following 
day  an  aspiration  of  the  decompression  bulge  was  performed  and  about  75  cc.  of  clear, 
colorless  fluid  was  removed.  The  fluid  contained  67  white  blood  cells  per  cubic  milli- 
meter of  which  60  per  cent  were  mononuclear  cells.  A  culture  of  the  fluid  proved  the 
latter  to  be  sterile.  Within  two  days  after  this  aspiration  the  patient's  temperature 
dropped  to  normal  and  has  remained  so  to  date.  The  patient  was  discharged  from 
the  hospital  on  December  15,  1938,  ten  weeks  after  operation. 

Follow-l'p.  For  the  next  two  months  he  was  subjected  to  x-ray  therapy  as  a 
prophylactic  measure.  This  was  given  in  four  cerebellar  fields  and  reached  a  maxi- 
mum of  1200  gamma  in  the  last  treatments. 

He  returned  to  school  and  after  several  months  was  reported  as  "'engaging  in  all 
normal  activities."  When  last  examined  in  the  Follow-Up  Clinic,  March  5,  1940, 
he  was  asymptomatic  and  the  neurological  examination  was  reported  as  entirely 
normal. 

SUMMARY 

A  case  of  a  fourth  ventricle  tumor  in  a  boy,  thirteen  years  of  age,  is 
presented.  The  tumor,  a  cystic  hemangiomatous  meningeoma,  was  suc- 
cessfully removed  at  operation.  The  postoperative  course  was  comph- 
cated  by  fever  of  unknown  origin  for  eight  weeks,  which  subsided  following 
aspiration  of  the  operative  site  and  removal  of  sterile  fluid.  The  patient 
is  apparently  completely  cured.  The  ca.se,  a  type  of  vascular  malforma- 
tion, is  one  of  a  gi-oup  which  offers  the  best  opportunity  for  successful 
surgical  intervention.    Statistics  .supporting  this  view  are  also  presented. 

We  wish  to  express  to  Dr.  J.  H.  Globus  our  appreciation  for  his  super- 
vision and  help  in  the  study  and  presentation  of  this  case. 
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SAMUEL  ROSEX,  M.D. 
[From  the  Medical  Service  of  Dr.  G.  Baehr  and  the  Otological  Service  of  Dr.  J.  .Maybaum] 

yiost  cases  of  otogenous  tetanus  reported  in  the  literature  are  associated 
with  injury  or  a  foreign  body.  Inasmuch  as  most  of  the  cases  reported 
in  the  Uterature  are  by  foreign  authors,  it  would  sesm  that  this  disease  is 
either  rare  in  America  or  it  has  been  overlooked. 

CASE  REPORT 

History.  (Adm.  453277.)  H.  C,  a  male  Negro,  18  years  of  age,  walked  into  the 
hospital  on  the  morning  of  December  23,  1939.  For  the  past  two  years  his  right  ear 
had  been  discharging:  at  times  the  discharge  had  been  foul.  Four  days  before  ad- 
mission the  patient  noticed  that  his  right  upper  lid  was  drooping  and  that  he  had  some 
pain  in  the  right  side  of  his  face  on  chewing. 

Examination.  The  right  ear  showed  a  large  central  perforation  through  which  a 
mass  of  red  swollen  mucosa  of  the  inner  tympanic  wall  protruded.  The  discharge 
was  mucopurulent  and  moderate  in  amount.  The  hammer  handle  was  visible.  No 
mastoid  tenderness  was  present.  The  patient  heard  a  moderately  soft  whisper. 
There  was  some  right  facial  weakness.  The  temperature,  pulse  and  respirations  were 
normal.    The  general  physical  examination  was  negative. 

The  combination  of  chronic  purulent  otitis  media  of  two  years'  duration  with 
the  onset  of  facial  weakness  and  pain  on  chewing  usually  is  an  indication  for  radical 
mastoidectomy. 

The  patient  could  open  his  mouth  to  the  limit  but  on  so  doing  complained  of  a 
"tightness"  in  the  region  of  the  right  jaw  joint.  No  satisfactory  explanation  could 
be  found  for  this.  The  following  morning  the  picture  was  essentially  the  same  except 
the  facial  weakness  was  more  marked  and  the  patient  could  not  completely  open  his 
mouth.  The  blood  count  was  normal  and  the  Wassermann  reaction  was  negative. 
The  inability  to  open  his  mouth  completely  was  impressive  and,  on  searching  the 
literature,  it  was  found  that  tetanus  seemed  to  be  the  diagnosis  which  seemed  most 
applicable.  The  following  morning  the  patient  was  found  in  opisthotonus:  with  a 
rigid  neck,  a  cement-like  rigidity  of  the  abdomen,  some  rigidity  of  the  upper  and 
lower  extremities  and  trismus  was  now  almost  complete. 

Course.  The  patient  was  transferred  to  the  medical  service  at  once  for  tetanus 
therapy.  He  developed  generalized  tetanic  convulsions  precipitated  by  noise  or 
movement.  Avertin,  amytal  and  ether  were  necessary  to  relax  the  patient.  Stridor 
and  laryngeal  spasm  necessitated  tracheotomy.  The  cerebrospinal  fluid  was  nega- 
tive. The  temperature  rose  to  104°F.  and  the  respiratory  rate  rose  to  5(J  per  minute. 
Signs  of  bilateral  lower  lobar  pneumonia  appeared.  One  hundred  thousand  units  of 
tetanus  antitoxin  were  given  intravenously  for  two  days  then  50,000  units  for  several 
days  thereafter.  This  was  later  reduced  to  20,000,  10,000  and  finally  5,000  units  every 
three  days.  Altogether  795,000  units  of  antitoxin  were  given  within  four  weeks. 
The  course  of  the  pneumonia  was  very  severe.  At  the  end  of  two  weeks  the  tem- 
perature became  normal  and  the  tetanic  spasms  had  almost  entirely  disappeared. 
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The  right  oar  coutimiod  to  discharge.  The  perforation  became  larger.  Cultures  of 
the  discharge  taken  from  tlie  right  ear  showed  Clostridium  tetani  (tetanus  bacillus) 
and  proteus  bacillus.  This  was  proven  by  the  inoculation  of  mice  and  guinea  pigs. 
The  animals  inoculated  with  cultures  died  soon  after  and  tetanus  bacilli  were  re- 
covered.   The  animals  inoculated  with  cultures  plus  tetanus  antitoxin  survived. 

It  was  felt  that  the  tetanus  focus  in  the  ear  should  be  eradicated  as  far  as  possible. 
A  thorough  mastoidectomy  was,  therefore,  done.  The  mastoid  bone  was  diploeic, 
soft  and  cut  easily.  The  posterior  canal  wall  was  taken  down,  the  aditus  opened 
widely  and  the  ossicles  could  then  be  seen.  They  appeared  normal.  Cultures  of 
the  bone  at  operation  were  negative.  At  this  point,  when  a  modified  radical  mas- 
toidectomy had  been  done,  the  patient  went  into  shock.  The  operation  was,  there- 
fore, stopped.  It  was  decided  later  not  to  complete  the  radical  procedure  but  to 
observe  the  patient  in  the  Out-Patient  Department.  The  cvdture  taken  just  before 
the  operation,  the  specimen  taken  at  the  operation  and  those  cultures  taken  since 
the  operation  have  all  been  negative  for  tetanus.    The  patient  is  well. 

COMMENT 

The  case  herein  reported  is  one  of  generalized  tetanus  complicating  a 
chronic  purulent  otitis  media  with  recovery  of  tetanus  bacilli  from  the 
middle  ear  indicating  that  the  middle  ear  may  be  the  focus  of  a  generalized 
tetanus. 


EARLY  DIAGNOSIS  OF  OTITIC  MENINGITIS  IN  CHILDREN^ 


SAMUEL  M.  BLOOM,  M.D. 
[Fro7n  the  Otological  Service  of  Dr.  J.  L.  Mayhaum] 

The  advent  of  chemotherapy  for  meningitis  of  otitic  origin  has  brought 
a  dramatic  change  in  the  prognosis  of  this  heretofore  dreaded  compHcation. 
However,  the  use  of  sulfanilamide  and  its  derivatives  has  also  introduced 
many  problems,  chief  of  which  has  been  the  obscuring  of  familiar  signs  and 
symptoms  accompanying  otogenous  infections.  It  is  for  this  reason  that 
it  is  desirable  to  direct  attention  to  the  early  diagnosis  of  otitic  meningitis 
in  children. 

CASE  REPORTS 

Case  1.  History.  (Adm.  432686.)  A  three  and  one-half  month  old  male  infant 
had  an  upper  respiratory  infection  and  a  discharging  right  ear  for  two  weeks.  Three 
days  before  admission  he  developed  a  temperature  of  103°F.,  and  indicated  pain  in  the 
ear  by  pulling  at  it. 

Examination.  There  was  evidence  of  acute  mastoiditis  with  subperiosteal  abscess. 
There  were  no  neurological  signs.  A  simple  mastoidectomy  was  performed  and  a 
thoroughly  broken  down  infantile  mastoid  was  found.  There  were  no  exposures  of 
dura  or  lateral  sinus.  The  following  day,  the  temperature  rose  to  105°F.,  the  baby 
appeared  restless,  but  there  were  no  physical  signs  to  account  for  the  temperature. 
On  the  second  postoperative  day,  the  temperature  remained  elevated.  The  infant 
continued  to  be  restless,  and  frequently  worked  his  dressing  off  by  rolling  his  head. 
The  only  positive  finding  was  a  full  anterior  fontanel.  There  was  no  definite  stiff 
neck,  nor  were  there  positive  Kernig  or  Brudzinski  signs.  The  respirations  were 
rapid,  and  there  was  a  slight  grunt.  A  roentgenogram  of  the  chest  was  negative. 
There  had  been  no  vomiting  or  convulsions.  However,  because  of  the  restlessness 
and  full  fontanel,  a  lumbar  puncture  was  performed.  The  cerebrospinal  fluid  was 
cloudy,  contained  1,260  cells  per  cubic  millimeter,  of  which  90  per  cent  were  poly- 
morphonuclear leucocytes;  the  Pandy  reaction  was  4  plus;  and  Gram-positive  cocci 
in  chains  were  seen  on  smear.  Sulfanilamide  was  administered.  The  following  day 
the  blood  and  cerebrospinal  fluid  were  reported  as  showing  Pneumococcus,  type  V 
on  culture.  Accordingly,  sulfapyridine  was  substituted  for  the  sulfanilamide.  In 
addition,  Pneumococcus,  type  V  antiserum  was  administered  intravenously  (20,000 
units  daily),  and  intrathecally  (1,500  units  daily,  with  human  complement). 

The  patient  seemed  to  improve  after  a  week,  but  then  relapsed;  the  temperature 
ranged  to  103°F.,  and  the  cerebrospinal  fluid  cultures  remained  strongly  positive.  A 
right  external  rectus  paresis  developed.  Because  of  spinal  arachnoid  block,  a  ven- 
tricular puncture  was  performed.  This  revealed  yellow  turbid  fluid,  loaded  with 
Gram-positive  diplococci.  The  baby's  condition  was  too  poor  to  permit  further 
surgery,  and  the  patient  died.    Autopsy  permission  could  not  be  obtained. 


'  Read  at  the  conference  of  the  Otological  Service  of  The  Mount  Sinai  Hospital, 
March  13,  1940. 
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Case  2.  History.  (Adm.  436212.)  A  five  year  old  boy  was  adiiiittcd  to  the  lios- 
pital  hoeauso  of  fever  and  jiaiii  in  the  left  oar  for  three  days.  He  had  had  a  coiif^h  for 
ten  days.  A  tonsillectomy  and  adenoideetoniy  had  been  performed  at.  another 
institution  six  months  before  because  of  frequent  colds. 

Examination.  The  child  appeared  to  be  acutely  ill.  lie  was  coushiiiK,  and  had  a 
temperature  of  102. 4°F.  The  left  ear  presented  a  fvdl  reddened  drum,  covered  with 
hemorrhagic  blebs,  obscuring  all  landmarks.  There  was  a  thin  pulsating  discharge 
from  an  antero-inferior  perforation.  There  were  no  canal  wall  changes  or  mastoid 
te!iderness.  Examination  of  the  chest  showed  dullness  over  the  left  base,  with 
bronchovesicular  breath  sounds,  and  occasional  rales.  The  neurological  status  was 
normal.  .\  roentgenogram  of  the  chest  confirmed  the  findings  of  a  bronch()i)eumonia 
of  the  left  lower  lobe.  Svdfanilamide  in  a  dosage  of  45  grains  per  twenty-four  hours 
was  administered. 

The  following  day,  the  temperature  rose  to  105°F.  The  patient  seemed  to  be  some- 
what dazed,  and  appeared  to  be  guarding  his  neck  when  he  sat  up  in  bed.  A  lumbar 
puncture  was  suggested,  but  since  there  were  no  definite  neurological  signs,  it  w^as 
postponed.  Twenty-four  hours  later  (on  the  fifth  day  of  otitic  infection),  the  tem- 
perature was  still  elevated,  and  a  definite  stiti"  neck  and  Hrudzinski  sign  were  elicited. 
.\  lumbar  puncture  showed  cloudy  cerebrospinal  fluid  at  an  initial  pressure  of  110 
mm.  of  water,  223  cells  per  cubic  millimeter,  of  which  92  per  cent  were  polymorpho- 
nuclear leucocj'tes,  but  no  organisms  were  seen  on  smear.  The  culture  of  this  sjjeci- 
men  was  later  reported  as  sterile;  the  blood  culture  was  also  sterile. 

The  dosage  of  sulfanilamide  was  immediately  increased  to  90  grains  per  day.  The 
following  day  the  condition  of  the  patient  was  much  improved,  and  the  neurological 
signs  had  abated.  The  patient  became  alert,  active,  and  sat  up  in  bed.  A  lumbar 
puncture  now  showed  140  cells,  70  per  cent  polymorphonuclear  leuc(jcytes,  and  cul- 
ture of  the  cerebrospinal  fluid  showed  a  beta  hemolytic  streptococcus. 

In  spite  of  continued  administration  of  sulfanilamide,  the  otitic  process  con- 
tinued, and  evidence  of  mastoiditis  (unresolved  middle  ear,  moderate  amount  of 
reappearing  discharge,  mastoid  tenderness,  and  clouding  of  the  mastoid  cells  with 
decalcification  of  the  intercellular  septa  on  x-ray  examination)  appeared,  and  a 
simple  mastoidectomy  was  performed.  There  was  pus  under  pressure,  and  con- 
siderable breaking-down  throughout  the  mastoid.  The  middle  fossa  dura  was  ex- 
posed, and  showed  only  a  mild  congestion. 

.\fter  the  operation  there  was  a  moderate  febrile  reaction  which  subsided  after 
three  days.  Sulfanilamide  was  continued  for  fifteen  days.  The  cerebrospinal  fluid 
findings  returned  to  normal. 

Sulfanilamide  concentrations  in  the  blood  varied  from  6.0  to  10.1  mg.  per  cent; 
in  the  cerebrospinal  fluid,  from  6.6  to  8.2  mg.  per  cent;  in  the  bony  fragments,  7.0 
mg.  per  100  Grams.  Culture  of  the  pus  from  the  mastoid  grew  beta  hemolytic  strep- 
tococci. After  a  period  of  five  weeks'  convalescence  on  the  ward  the  patient  was 
discharged  improved. 

COMMENT 

In  the  first  case,  meningitis  was  suspected  on  the  grounds  of  a  high 
fever,  restlessness  and  fullness  of  the  anterior  fontanel  two  days  post- 
mastoidectom\'.  There  were  no  abnormal  neurological  signs,  and  no 
vomiting  or  convulsions.  To  further  ob.scure  the  diagnosis,  the  respira- 
tions were  rapid  and  grunting. 

The  fatal  outcome  was  probably  due  to  a  sinus  thrombosis  and  extension 
of  the  suppuration  from  the  petrous  pyramid  to  the  brain.    The  poor 
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general  condition,  and  the  age  of  the  patient  prevented  adequate  surgical 
intervention. 

In  the  second  case  meningitis  developed  while  the  patient  was  receiving 
sulfanilamide  for  acute  purulent  otitis  media.  The  meningitis  was  mani- 
fested only  by  a  voluntary  spa.sticity  of  the  neck,  and  a  .somewhat  dazed 
behavior.  There  were  no  neurological  signs  for  twenty-four  hours.  After 
a  lumbar  puncture  showed  a  pleocyto.sis,  the  dosage  of  .sulfanilamide  was 
doubled,  and  the  meningitis  sub.sided.  In  spite  of  the  continued  adminis- 
tration of  sulfanilamide  and  the  apparent  recovery,  acute  mastoiditis 
developed,  neces.sitating  the  performance  of  a  simple  mastoidectomy. 

When  sulfanilamide  is  given  in  acute  otitis  media,  the  patient  often 
appears  toxic,  and  complains  of  headache.  ^Tiile  these  sj'mptoms  are 
attributed  to  the  drug,  meningitis  should  be  borne  in  mind,  and  a  lumbar 
puncture  should  be  done  early  to  establish  or  rule  out  the  diagno.sis.  Thus, 
the  chemotherapj^  can  be  adequately  administered,  and  the  focus  attacked 
by  surgical  means  earlier  than  if  meningitis  does  not  complicate  the  picture. 
The  oft-repeated  statement  that  a  lumbar  puncture  may  predispose  to  the 
development  of  meningitis  is  unfounded.  A  lumbar  puncture  should  be 
performed  early  on  the  slightest  suspicion;  and  .should  not  be  withheld 
until  the  picture  is  full-blown. 
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[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler] 

This  case  of  noviiosyphilis  seems  worthy  of  record  because  of  a  transient 
widespread  disturbance  in  the  higher  cerebral  functions  in  an  individual 
who  is  intelHgent  and  observant  enough  to  give  a  comprehensive  and  ac- 
curate account  of  his  difficulties.  Another  feature  of  special  significance 
is  a  brief  hallucinatoiy  episode  and  a  remarkable  alteration  in  music 
appreciation. 

CASE  REPORT 

History  (Adm.  434764).  The  patient,  a  43  year  old  Latvian-born  house  super- 
intendent was  admitted  to  The  Mount  Sinai  Hospital  on  January  12,  1939  and  dis- 
charged improved  on  January  31,  1939.  His  present  illness  started  sixteen  days  he- 
fore  admission,  with  inability  to  speak  well  and  right  hemihypesthcsia. 

The  patient  attended  school  to  the  fourth  grade  in  "gymnasium."  He  left  home 
at  the  age  of  seventeen  years.  Since  then  he  has  been  a  seaman,  an  instructor  in 
aviation,  and  during  the  past  ten  years,  a  house  superintendent.  The  latter  position 
was  one  of  some  responsibility  and  trust,  and  he  carried  out  his  duties  faithfully  and 
well  until  the  onset  of  the  present  illness.  He  was  married  22  years  ago  when  he 
settled  in  the  L'nited  States.    There  were  no  children. 

He  suffered  from  malaria  and  yellow  fever  many  years  ago.  He  denied  venereal 
disease.  Nineteen  years  previously  he  suffered  a  severe  concussion  of  the  brain 
in  an  airplane  accident  following  which  he  was  amaurotic  for  a  short  period  and  suf- 
fered frontal  headaches.  However,  within  the  next  year  he  was  again  quite  normal, 
remaining  so  until  about  three  years  ago.  During  the  past  three  years  he  has  been 
subject  to  frequent,  increasingly  severe,  left  supraorbital  headaches  which  were 
relieved  by  rest.  For  the  past  seven  months,  since  June  1938,  he  was  experienced 
dyspnea  on  exertion  and  constrictive  precordial  pain  radiating  to  the  left  arm,  both 
relieved  by  rest.  During  the  past  three  weeks,  he  has  experienced  left  sacro-iliac 
pain  radiating  to  the  left  shoulder. 

Sixteen  days  before  admission,  on  December  27,  1938,  he  was  awakened  from  a 
sound  sleep  by  "electricity-like"  pain  in  the  left  sacro-iliac  region  which  radiated 
up  the  torso  to  his  head  and  disappeared  in  about  two  minutes.  He  then  experienced 
the  desire  to  urinate  and,  after  arising  from  his  bed,  observed  that  he  was  unable  to 
move  the  entire  right  side  of  his  body,  that  he  was  speechless,  and  had  a  right  hemi- 
hypesthcsia. He  was  put  to  bed  where  he  remained  for  about  ten  days  until  January 
6,  1939.  The  observations  of  the  patient  and  his  attendants  were  incomplete 
with  regard  to  the  first  three  days.  The  hemiplegia  was  of  very  short  duration, 
however,  for  within  one  hour  the  patient  was  able  to  move  his  hand  and  arm  and 
shortly  thereafter  was  able  to  write.    He  knew  definitely  that  he  was  unable  to  speak 
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at  this  time  and  it  was  necessary  for  him  to  communicate  his  demands  to  others  by 
writing.  However,  after  three  days,  though  he  was  able  to  use  his  hand  well  and 
knew  what  he  wanted  to  write,  he  was  unable  to  put  the  symbols  on  paper.  At  this 
stage  his  account  became  more  dependable  and  complete.  The  paresis  and  somatic 
sensory  disturbance  rapidly  regressed  and  subjectively  were  completely  gone  at  the 
time  of  hospital  admission. 

Shortly  after  the  onset,  the  patient  experienced  continuous  loud  buzzing  in  his 
right  ear  that  gradually  diminished  in  intensity  and  assumed  the  character  of  the 
ticking  of  a  timepiece.  During  the  early  days  of  his  illness  as  he  lay  in  bed,  he 
repeatedly  thought  that  he  was  going  to  die.  He  frequently  thought  of  his  family, 
mother,  father  and  two  siblings  who  resided  in  Europe,  and  felt  that  if  he  would  die 
they  would  also  die.  When  questioned  as  to  the  logic  of  this  conclusion,  he  admitted 
its  fallibility  but  was  unable  to  elucidate  the  thought  processes  which  forced  the 
conclusion  upon  his  consciousness.  He  remembered  the  visits  of  his  physician,  the 
comforting  attention  of  his  wife  and  friends  and  various  happenings  about  the  sick- 
room in  a  straightforward  undistorted  manner.  At  no  time  did  he  experience  any 
disturbance  in  special  sense  perception. 

However,  beginning  on  the  fourth  day  of  his  illness,  he  noticed  an  inability  to 
comprehend  language  symbols.  Though  he  could  hear  sounds  and  understand  blunt 
meanings,  e.g.,  a  pounding  noise  meant  to  him  that  steam  was  rising  in  the  radiator 
pipes  (which  w.as  true),  spoken  words  were  unintelligible  to  him.  He  did  not  observe 
any  difficulty  in  visual  perception  until  the  tenth  day  of  his  illness  when  he  attempted 
to  read.  He  saw  the  writing  well  but  it  had  no  meaning.  Nevertheless,  he  was  able 
to  recognize  the  meaning  and  use  of  objects  and  pictures  and  the  identity  of  persons 
whom  he  saw  at  that  time.  Numbers  were  meaningless  and  he  could  not  calculate. 
After  the  third  day  when  he  became  agraphic  he  could  not  express  himself  in  language, 
though  crude  motions  and  imitation  were  possible.  He  very  clearly  recounted  how 
he  knew  what  he  wanted  to  say  or  write,  that  there  was  no  difficulty  in  the  mental 
or  psychic  formulation  of  words,  sentences,  or  ideas  but  that  their  expression  in 
language  was  impossible.  The  motor  speech  component  was  markedly  at  fault. 
There  was  no  apraxia.  There  was  a  rapid  recession  in  all  these  sensory  and  motor 
aphasic  disturbances  during  the  sixteen  days  before  admission,  so  that  subjectively, 
when  first  seen  in  the  hospital,  he  felt  that  these  functions  were  approaching  normal. 
None  the  less  he  was  still  subject  to  thoughts  which  ran  ahead  of  his  speech  and 
writing.  As  mentioned  previously  he  became  conscious  of  his  alexia  on  the  tenth 
day  of  his  illness.  The  next  day  he  learned  that  if  he  read  aloud,  the  combined 
sensations  of  visual  and  auditory  stimuli  formed  an  intelligible  image  whereas  each 
alone  was  fairly  barren  of  meaning.  At  no  time  in  the  course  of  the  aphasia  was  there 
any  dissociation  of  language. 

On  about  the  eighth  or  ninth  day  he  became  conscious  of  auditory  hallucinations 
in  his  right  ear,  limited  to  the  languages  of  his  youth,  namely  Latvian,  Russian  and 
German.  The  voices  were  those  of  his  wife,  aunt  or  friends.  They  spoke  intermit- 
tently and  the  context  was  usually  of  a  consoling  nature.  They  encouraged  him, 
assured  him  of  a  rapid  recovery,  or  spoke  about  unimportant  everyday  happenings. 
He  experienced  these  sensations  up  to  the  first  two  days  of  his  hospital  stay  and  then 
they  vanished.  He  immediately  understood  their  hallucinatory  character.  From 
memory  he  gave  a  verbatim  report  of  several  episodes  (translated): 

1.  While  the  patient  was  thinking  about  his  job  his  wife  said:  "Don't  worry,  Ed, 
you'll  live." 

2.  While  thinking  about  his  home  a  friend  said:  "You  s.  .  of  a  b.  . . .  (in  a  friendly 
tone),  give  me  back  my  English  cap."  This  statement  referred  to  an  incident 
which  occurred  17  years  previously  when  the  patient  took  a  cap  from  his  friend. 
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3.  Referring  to  a  poker  game  several  months  ago,  a  friend  said :  "Yon  son  of  a  gun, 
you  bluffed  me  out  of  two  pairs  with  a  pair  of  deuces." 

Since  establishing  his  residence  in  this  country  22  years  ago,  the  patient  has 
learned  the  English  language.  During  the  past  ten  years  he  has  u.sed  it  almost  ex- 
clusively for  all  his  communications.  Only  infretiuently  was  he  called  upon  to  make 
use  of  his  Latvian.  Russian  and  German  had  to  all  intents  and  i)urposes  become 
dead  languages,  for  it  was  on  very  rare  occasions  that  he  heard  them  and  practically 
never  did  he  converse  in  them.  His  intellectual  pursuits  were  moderately  varied. 
He  read  contemporary  and  classical  literature  more  than  the  average  person  and  had 
a  fair-sized  library  at  home.  He  had  always  been  interested  in  concert  music.  In 
his  youth  he  learned  to  play  the  mandolin  and  balalayka  and  in  recent  years  he 
attended  musicales  as  his  income  permitted.  He  freciuently  played  the  gramophone 
at  home  and  listened  to  band  and  symphonic  music  over  the  radio.  He  thus  had  a 
fairly  extensive  background  of  music  appreciation.  He  never  tolerated  ragtime 
music. 

Nine  days  after  the  onset  of  the  present  illness,  .January  5,  1!)3!),  he  listened  to  radio 
music  for  the  first  time.  He  was  immediately  struck  by  a  marked  difference  in  tonal 
qualities  and  called  this  to  the  attention  of  his  wife.  Since  that  time  the  observation 
was  repeated  several  times.  Music  assumed  a  new  meaning  for  him.  On  the  one 
hand  he  noted  an  increase  in  his  capacity  to  appreciate  tonal  variations  and  the 
construction  of  a  musical  composition.  He  observed  that  he  was  able  to  discern  more 
succinctly  the  function  of  each  instrument  in  a  major  musical  composition.  The 
qualities  of  the  various  string,  percussion,  and  wind  instruments  were  appreciated 
more  keenly.  He  stated  that  he  became  able  to  understand  more  clearly  the  meaning 
of  abstract  conceptions  expressed  musically.  Despite  these  changes  with  regard  to 
the  comprehension  of  music,  he  was  unable  at  the  same  time  to  understand  the 
meaning  of  spoken  words. 

In  view  of  the  alleged  change  in  the  appreciation  of  music,  it  was  considered  im- 
portant to  determine  whether  this  were  a  special  localized  change  or  whether  it 
represented  merely  a  general  increase  in  affectivity.  Though  somewhat  exaggerated 
emotional  responses  could  be  elicited  by  detailed  probing  into  the  past  history,  it 
was  the  opinion  of  the  patient  and  the  examiner  that  these  were  unrelated  to  the 
clinical  picture,  except  in  so  far  as  such  affective  changes  might  occur  to  anyone 
confined  to  bed. 

There  were  no  previous  memory  disturbances,  character  changes,  or  disturbances 
in  evaluation  or  orientation.  The  patient  described  a  change  in  the  taste  of  milk  so 
that  it  resembled  that  of  water  but  expressed  doubt  of  this  change  on  later  examina- 
tions. 

Examination.  The  patient  was  a  robust,  well  developed  and  well  nourished, 
oriented,  cooperative,  and  intelligent  male  in  no  distress.  There  was  no  clinical 
evidence  of  cardiac  disease.  Slight  tenderness  was  elicited  on  deep  firm  pressure 
over  the  left  sacro-iliac  joint  and  the  left  sciatic  notch.  The  Patrick  and  Laseguc 
signs  were  negative. 

Neurological  examination  revealed  a  right-handed  patient.  The  Romberg  sign 
was  negative.  The  deep  tendon  patellar  and  suprapatellar  reflexes  were  sluggish  on 
the  left  but  normal  on  the  right.  However,  the  Achilles  jerks  were  absent  bilaterally. 
The  abdominal  reflexes  were  sluggish  on  the  right  and  normal  on  the  left.  A  slight 
diminution  in  muscle  power  was  elicited  in  the  extremities  on  the  right  side,  but  there 
were  no  changes  in  tone.  There  was  no  Babinski  sign.  Nevertheless  tickling  was 
perceived  more  acutely  in  the  left  foot,  and  in  general  there  was  more  of  a  defense 
reaction  to  plantar  stimulation  on  this  side.  The  remainder  of  the  somatic  sensory 
examination  revealed  variable  "patchy"  areas  of  slight  hypesthesia  to  pin  prick  on 
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the  right,  and  a  slight  diminution  in  vibratory  sensibility  in  the  fingers  of  the  right 
hand.  The  pupils  were  slightly  irregular,  of  good  size,  but  the  right  was  larger  than 
the  left.  They  reacted  well  to  light  and  in  accommodation.  The  ocular  fundi  were 
normal.  The  vision  was  20/30  in  both  eyes  and  the  fields  for  form  and  color  were 
normal.  There  was  a  slight  right  central  facial  weakness  and  auditory  sensation  was 
intact. 

The  speech  was  slightly  telegraphic  language  difficulty).  He  very  occasionalh' 
used  the  wrong  word  in  a  sentence,  or  perseverated.  At  other  times,  in  the  course  of 
a  conversation,  he  substituted  words  in  his  native  tongue  for  English  words.  Rarely 
did  he  recognize  these  errors.  During  a  long  examination,  on  occasion  he  failed  to 
take  cognizance  of  a  spoken  question.  In  writing  spontaneously,  to  dictation,  or  in 
copying,  he  rarely  erred.  His  ability  to  calculate  was  slightly  at  fault.  There  was 
a  very  minor  diminution  in  retentive  memory.  He  did  not  fatigue  easily  and  was 
interested  in  the  proceedings.    There  was  no  apraxia. 

Laboratory  Data.  The  blood  Wassermann  reaction  was  4  plus.  The  cerebro-spinal 
fluid  obtained  by  lumbar  puncture  was  undernormal  pressure.  It  was  faintly  xantho- 
chromic: the  Pandy  reaction  for  globulin  was  recorded  3  plus:  there  was  a  pleocytosis 
of  88  cells  per  cu.  mm.,  of  which  3  were  polymorphonuclear  and  20  mononuclear  cells. 
The  Lange  colloidal  gold  reaction  was  2222111000  and  the  Wassermann  4  plus  in 
0.1  to  1.0  cc.  There  were  57  mg.  per  cent  total  protein,  and  715  mg.  per  cent  chloride 
as  sodium  chloride.  Roentgenological  study  revealed  a  normal  skull,  a  moderately 
dilated  and  hypertrophied  heart  and  a  tortuous  aorta.  The  electrocardiogram  was 
within  normal  limits. 

Course.  At  the  time  of  discharge  all  objecti%'e  evidence  of  definite  neurological 
disease  had  disappeared,  with  the  exception  of  the  absence  of  ankle  jerks  and  the 
irregular  pupils.  The  patient  was  seen  three  months  after  discharge  at  which  time 
his  aphasic  and  other  difficulties  were  gone  and  he  was  receiving  medicinal  therapj' 
for  his  syphilis. 

COMMENT 

The  episode  from  which  the  patient  completely  recovered  has  many 
features  in  common  with  other  cases  of  vascular  occlusion  of  known 
etiologj'  in  the  brain  and  in  other  organs.  The  sudden  onset,  the  relative 
diaschisis,  the  sub.sequent  return  of  fimction,  and  the  normal  state  imme- 
diateh'  preceding  the  stroke  are  features  ordinarily  associated  with  a 
vascular  closure.  It  is  unreliable,  however,  to  attempt  too  specific  an 
anatomic  localization  or  pathologic  change  to  account  for  the  clinical 
picture  observed  in  this  case  of  neiu-osyphilis.  Writers  (1,  2,  9)  on  neuro- 
.syphilis  have  cautioned  against  the  attempt  to  effect  too  accurate  an 
anatomical  or  pathological  correlation  with  clinical  findings  in  this  disease. 
Similarly,  Head  and  FeariLsides  (2)  concluded  on  the  basis  of  an  exhaustive 
clinical  and  anatomical  study  that  apparently  focal  and  episodic  clinical 
phenomena  only  too  frequently  resolve  themselves  into  a  widespread  fairly 
evenly  distributed  process  after  careful  post  mortem  anatomical  study. 
Campbell  (1)  studied  a  series  of  cases  of  focal  lesions  in  general  paralysis 
and  showed  that  episodes  similar  to  that  observed  in  this  case  might  at 
times  be  correlated  with  a  major  vascular  narrowing  or  occlusion  of  the 
nature  of  endarteritis  obliterans.    But  in  some  of  these  there  was  a  local 
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intensification  of  the  pathological  changes  of  dementia  paralytica  and  in  a 
considerable  number  there  was  no  correlation  uith  local  changes. 

It  is  possible  that  clinical  cerebral  manifestations  of  neurosyphilis  may  be 
attributed  to  lesions  of  the  brain  which  result  from  functional  changes  in 
the  cerebral  blood  flow  and  not  from  an  organic  vascular  occlusion.  In  a 
series  of  ca.ses  of  Lissauer's  general  paralysis,  Merritt  and  Springlova  (3) 
found  lesions  in  the  subcortical  white  matter  involving  the  short  associa- 
tion fibers  of  the  temporo-'parie to-frontal  junction  which  could  account  for 
the  clinical  manifestations.  However,  they  were  unable  to  ascertain  the 
pathogenesis  of  such  changes.  They  suggested  vasospasm  in  the  third, 
fourth  and  fifth  posterior  cortical  branches  of  the  middle  cerebral  artery 
as  the  probable  causati^•e  factor.  Recent  reviews  (5)  of  the  functional 
capabilities  and  physiological  alterations  in  the  cerebral  vascular  system 
show  that  the  arterial  tree  is  capable  of  altering  its  caliber  in  response  to 
numerous  stimuli.  Though  it  frequently  will  be  impossible  to  demonstrate 
cerebral  vasospasm  in  the  human,  the  experimental  approach  has  unequiv- 
ocally shown  that  such  a  reaction  can  occur.  Evidence  (4,  6,  7)  has 
been  presented  that  functional  and  temporary  restriction  in  the  cerebral 
blood  flow  may  lead  to  irreversible  changes  in  the  sensitive  cortical  cells 
of  the  cerebral  cortex. 

From  this  discussion,  the  objections  to  organic  arterial  occlusion  as  the 
modus  operandi  are  brought  to  the  fore.  On  the  other  hand  it  is  true  that 
the  episode  which  the  patient  experienced  differed  in  no  essential  way  from 
the  classical  luetic  cerebral  vascular  accident,  except  in  being  of  wide  ex- 
tent. The  absence  of  unconsciousness  in  so  widespread  a  disturbance,  the 
rapid  regression  of  signs,  and  the  lack  of  residua  identify  this  case  with 
familiar  transient  luetic  monoplegias. 

The  relationship  of  this  case  to  parenchymatous  neurosyphilis  is  also 
a  close  one.  Can  one  be  certain  that  the  detailed  description  of  the  course 
of  events  as  related  by  the  patient  does  not  represent  paretic  trends? 
The  change  in  music  appreciation  particularly  suggests  a  grandiose  reaction. 
On  several  occasions  the  patient's  abihty  to  pun  and  act  facetiously 
attracted  attention.  These  features  in  conjunction  with  the  "early 
paretic,"  gold  curve  may  actually  indicate  the  presence  of  paresis.  The 
absence  of  ankle  jerks  and  the  slight  pupillary  anomalies  might  be  related 
to  tabes  or  represent  a  meningeal  process.  The  strongly  positive  blood 
and  cerebrospinal  fluid  Wassermann  reactions  are  more  in  agreement  with 
a  diagnosis  of  general  paresis  (8),  although  they  do  not  exclude  other 
forms  of  luetic  disease. 

Finally,  the  possibility  that  more  than  one  type  of  lesion  of  the  central 
nervous  .system  is  present  cannot  be  excluded.  Campbell's  (1)  first  case 
is  one  of  a  man  who  suffered  a  hemiplegia  at  the  age  of  33  years,  was  then 
well  for  eight  years,  at  which  time  paretic  features  made  their  appearance. 
He  then  progressed  through  the  stages  of  typical  dementia  paralytica  in 
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four  years.  At  post  mortem  examination  the  brain  revealed  leutic  en- 
darteritis, an  old  area  of  softening,  and  \\-idespread  histopathological 
changes  of  general  paresis. 

Before  the  introduction  of  the  colloidal  gold  reaction,  pentavalent  arseni- 
cals  and  hyperthermia,  Head  and  Fearnsides  (2)  said:  "There  is  not  a 
symptom  or  sign  in  dementia  paralytica  which  cannot  be  present  in  a  case 
of  subacute  meningovascular  sj'philis.  Long  continued  observations  of 
the  effects  of  treatment  on  the  patient  and  on  the  Wassermann  reaction 
in  the  cerebrospinal  fluid  will  separate  these  conditions  of  such  different 
prognostic  import." 

In  accord  with  this  discussion,  it  becomes  impossible  to  be  on  safe  ground 
with  any  diagnosis  as  to  the  exact  form  of  neurosyphilis.  At  the  present 
time  all  that  can  be  said  with  any  degree  of  certainty  is  that  the  patient 
suffered  a  disturbance  of  cerebral  function  in  the  region  of  the  quadri- 
lateral area  of  Marie.  Meningovascular  syphilis  with  in^•olvement  of 
the  branches  of  the  left  middle  cerebral  artery  is  probably  present.  The 
patient  will  be  seen  from  time  to  time,  and  the  changes  in  his  status  noted 
in  an  attempt  to  discover  additional  data  which  will  permit  an  extension 
of  the  diagnosis. 

SUMMARY 

This  case  presented,  in  a  syphilitic  patient,  global  aphasia,  hallucinatory 
episodes,  a  change  in  music  appreciation,  a  right  hemiplegia  and  hemi- 
hypesthesia  -with  complete  rapid  functional  restitution. 
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George  Baehr,  ^I.D.,  and  Paul  Klemperer,  M.D.,  -presiding 

Wednesday,  November  22,  1939 
Resection  of  Carcinoma  of  th(>  Esophagus 
[From  the  Surgical  Service  of  Dr.  John  Garlock] 

History.  (Adm.  445668;  P.M.  11275.)  This  was  the  first  admi.ssion 
of  a  sixty-one  year  old  Irish  watchman,  who  complained  of  pain  at  the 
low-er  end  of  the  sternum  on  swallowing.  It  had  first  been  noticed  two  or 
three  months  before  admission  and  had  increased  in  se\  erity.  It  was  made 
worse  by  solid  foods  so  that  the  patient  had  restricted  himself  to  liquids 
for  the  three  weeks  before  admi.ssion.  There  was  no  nausea  or  vomiting, 
no  cough  or  sputum.  He  had  lost  approximately  four  or  five  pounds. 
Constipation  had  been  marked.  The  past  and  family  histories  were  non- 
contributory. 

Examination.  He  was  a  well  developed  and  well  nourished  man,  in  moderate  dis- 
comfort, but  did  not  appear  chronically  ill.  The  trachea  was  in  the  midline.  Many 
buckshot-sized  lateral  and  posterior  cervical  lymph  nodes  were  palpable.  The  lungs 
were  clear.  The  heart  revealed  no  abnormalities.  On  admission  the  blood  pressure 
was  155  systolic  and  100  diastolic.  The  abdomen  was  soft.  The  prostate  was  moder- 
ately enlarged.    The  neurological  examination  was  negative. 

Laboratory  Data.  Hemoglobin,  98  per  cent.  Urine,  negative.  Blood  Wasser- 
mann  reaction,  negative.  Blood  chemistry:  urea  nitrogen,  13  mg.  per  cent;  sugar, 
95  mg.  per  cent.  A  barium  meal  examination  showed  an  irregular  filling  defect  in  the 
lower  end  of  the  esophagus  about  four  inches  in  length,  the  appearance  was  suggestive 
of  a  neoplasm.  Esophagoscopy  revealed  a  sessile  tumor  mass  32  cm.  from  the  upper 
incisor  teeth  and  attached  to  the  left  lateral  wall.  Biopsy  was  reported  as  squamous 
cell  carcinoma. 

Course.  The  diagnosis  of  carcinoma  of  the  esophagus  was  well  established  by 
the  x-ray,  esophagoscopy  and  biopsy  findings.  Esophagectomy  was  decided  upon. 
Therefore,  under  local  anesthesia,  a  preliminary  Janeway  gastrostomy  was  per- 
formed. Five  days  later  his  temperature,  which  had  been  normal,  rose  to  102°F. 
It  appeared  to  be  the  result  of  a  mild  wound  infection,  and  it  subsided  in  three  days. 
During  this  three  day  period,  the  patient  was  extremely  lethargic.  The  blood  urea 
nitrogen  at  this  time  was  18  mg.  per  cent.  There  was  moderate  regurgitation  of 
gastric  contents  through  the  tube  and  a  slight  sloughing  of  the  distal  extremities  of 
the  gastric  tube.  Fourteen  days  later  the  esophagectomy  itself  was  performed.  At 
this  time  he  lost  ten  pounds  in  weight  and  the  hemoglobin  dropped  to  58  per  cent,  but 
he  was  afebrile.  Under  avertin  cyclopropane  anesthesia,  resection  of  the  thoracic 
esophagus  was  performed.  He  received  a  transfusion  during  the  course  of  the  opera- 
tion and  another  the  same  evening.  His  immediate  postoperative  condition  appeared 
satisfactory.  The  next  morning  his  blood  pressure  was  112  systolic  and  50  diastolic; 
hemoglobin,  63  per  cent.    His  general  physical  status  appeared  satisfactory  except 
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that  he  was  unresponsive.  During  the  day  he  developed  loud  rhonehi  throughout 
the  chest.  His  blood  pressure  rose  to  180  systolic  and  80  diastolic,  but  increasing 
evidences  of  pulmonary  edema  appeared.  In  addition  there  was  now  present  a  left 
facial  paresis  and  depression  of  the  deep  reflexes  in  the  left  upper  and  lower  ex- 
tremities. The  temperature  rose  to  100. 6°F. ;  the  pulse  rate  was  140  per  minute  and 
the  respirations  were  48  per  minute  at  the  time  of  his  death  on  the  first  day  postopera- 
tively. 

Necropsy  F indings.  The  specimen  removed  at  operation  showed  a  large  carcinoma 
of  the  esophagus.  The  lymph  nodes  removed  at  the  same  time  showed  no  evidence 
of  any  metastases.  At  autopsy  the  operative  bed  was  clear  with  no  evidence  of  sup- 
puration. There  were  no  evidences  of  any  metastases.  There  was  considerable 
arteriosclerosis  and  associated  ulceration  of  the  larger  vessels.  An  incidental  find- 
ing was  a  left  hydronephrosis  and  a  very  narrow  ureteral  ostium. 

Comment.  Dr.  Klemperer.  The  recent  advances  in  the  surgical  treat- 
ment of  carcinoma  of  the  esophagus  have  led  to  a  renewed  interest  of  the 
pathologist  in  this  condition.  Heretofore,  one  was  accustomed  to  think 
of  esophageal  carcinoma  as  being  unassociated  with  metastases.  This 
apparently  is  due  to  the  fact  that  death  from  this  condition  resulted  too 
early  to  allow  for  metastatic  growth.  For  example,  a  similar  case  came 
to  autopsy  one  year  after  a  successful  surgical  removal  and  had  extensive 
recurrence  and  widespread  metastases.  It  is  interesting  to  note  that  a 
carcinoma  as  large  as  was  present  in  the  case  reported  here  could  exist  and 
yet  there  was  complete  absence  of  any  metastases.  As  to  the  cause  of 
death,  although  the  brain  was  not  examined,  a  cerebral  embolus  is  most 
likeh-  on  the  basis  of  the  marked  arteriosclerotic  changes  that  were  present. 

Dr.  Garlock.  The  enormous  size  of  this  tumor  is  quite  surprising  in 
view  of  the  comparatively  short  history.  This  ma\-  indicate  that  oc- 
casionally very  rapid  growth  of  such  tumors  can  occur.  Nine  resections 
of  the  esophagus  for  malignancy  have  been  performed  here  with  but  two 
operative  deaths.  The  recurrence  rate  has  been  highest  following  opera- 
tion where  the  lesion  was  located  between  the  arch  of  the  aorta  and  the 
left  branch  bronchus.  For  those  tumors  situated  in  the  upper  two-thirds 
of  the  esophagus,  a  radical  esophagectomy  must  be  performed.  How- 
ever, when  the  le.sion  is  located  in  the  lower  third  of  the  esophagus,  then 
an  intra-thoracic  anastomo.sis  may  be  performed  by  pulling  a  portion  of 
the  stomach  into  the  thorax. 

Dr.  Baehr.  Unless  cases  of  esophageal  carcinoma  come  to  operation 
early,  there  is  no  point  in  subjecting  them  to  surgical  intervention.  Even 
if  resection  is  successful,  the  procedure  entails  a  long  period  of  convales- 
cence. Metastases  to  lymph  nodes  in  the  mediastinum  occiu"  so  early 
as  a  rule  that  all  but  the  earliest  cases  succumb  to  metastases  by  the  time 
they  have  recovered  from  the  operation.  This  patient  is  exceptional  for 
he  presented  no  extension  of  the  carcinoma  to  the  regional  lymph  nodes  in 
spite  of  the  fact  that  the  primary  carcinoma  of  the  esophagus  had  existed 
for  more  than  three  months. 

Reported  by  Abner  Kurlin,  M.D. 
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Wedjiesday,  November  29,  1939 

Uremia  Dii(>  to  Prostatic  Fihioadenoma  of  Four  Years'  Duration.  Results 
of  Transurethi'al  Prostateetomy 

{From  the  Surgical  Service  of  Dr.  A.  Iltjman) 

History.  (Adm.  445310;  P.M.  11288.)  This  seventy-two  y(>ar  old 
man  had  the  first  of  .six  admissions  to  this  hospital  in  March,  1935.  At 
that  time  his  chief  complaint  was  increa.sing  consti})ation,  and  th(>  ap- 
pearance of  a  painless  ma.ss  in  the  lower  abdomen  which  progressively 
increased  in  siz(\  There  was  an  associated  weight  lo.ss  of  fifteen  pounds 
and  increasing  asthenia.  Phy.sical  examination  at  that  tim(>  revealed  a 
chronically  ill-appearing  man.  The  abdomen  was  distended  and  the  entire 
lower  abdomen  was  filled  by  a  large,  non-tender,  ill-defined  mass  about  the 
size  of  a  man's  head.  The  j^rostate  was  smooth  and  (>nlarged  to  about  twice 
the  normal  size.  The  inguinal  rings  were  dilated.  The  blood  pressure 
was  160  systolic  and  80  diastolic.  There  was  marked  peripheral  sclerosis. 
The  hemoglobin  was  50  per  cent;  the  stool  guaiac,  negati\e.  The  urine 
contained  one  plus  albumin  and  15  to  20  white  blood  cells  per  high  powei' 
field,  with  lare  clumps.  A  barium  enema  revealed  onl}'  marked  colonic 
redundancy.  The  l)lood  urea  nitrogen,  however,  was  85  mg.  pei'  cent. 
It  became  evident  that  the  large  hypogastric  mass  was  a  hugely  distended 
urinary  bladder.  This  was,  therefore,  gradually  decompressed  and  al- 
lowed to  diain  through  an  indwelling  catheter.  The  blood  urea  nitrogen 
slowly  fell  to  35  mg.  per  cent.  To  insure  more  prolonged  and  permanent 
drainage,  a  stab  cystostomy  was  performed.  He  was  then  discharged  to 
be  carefulh'  observed  until  .such  time  as  his  condition  woidd  j)(Mmit  the 
institution  of  a  procedure  for  the  radical  relief  of  the  lower  urinary 
obstruction. 

He  was  re-admitted  in  .June,  1935  for  a  revision  of  the  original  oi)eration, 
since  the  suprapubic  tube  had  failed  to  drain.  In  the  intei-im  a  cystoscopy 
had  shown  tremendous  enlargement  of  the  middle,  as  w(>ll  as  the  lateral 
lobes  of  the  prostate.  His  blood  vu-ea  nitrogen  at  this  time  was  38  mg. 
per  cent.  In  view  of  this,  further  procrastination  of  surgical  intervention 
was  deemed  in  order  and  he  was  discharged. 

He  was  again  admitted  in  December,  1935.  He  was  relati\'ely  asympto- 
matic and  comfortable.  The  blood  pressure  was  150  .systolic  and  88  di- 
astolic. The  prostate  was  twice  the  normal  size.  Renal  function  tests 
were  performed  and  re^•ealed  an  excretion  of  10  per  cent  of  i)henolsulphon- 
phthalcin  in  three  hours;  fixation  of  specific  gravity  occurred  at  1.010,  with 
indigo  carmine  in  only  fair  concentration  one  hour  after  intramuscular 
injection.  The  blood  urea  nitrogen  was  35  mg.  per  cent.  Cystoscopy 
revealed  a  moderately  inflamed  bladder  with  a  well-defined  median  lobe. 
Although  his  general  status  was  suitable  for  transurethral  resection,  the 
presence  of  the  poor  kidney  function  and  the  relative  comfort  of  the  patient 
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weighed  against  operation.  He  was,  therefore,  referred  back  to  the  Out- 
Patient  Department. 

A  transurethral  resection  was  eventually  performed  in  ]\Iarch.  1936, 
one  year  after  his  original  admission.  Postoperatively,  the  urea  nitrogen 
which  had  been  29  rose  to  64  mg.  per  cent.  The  specific  gra\-ity  of  the 
urine  was  fixed  at  1 .012.  With  supportive  therapy,  the  blood  urea  nitrogen 
approached  normal  levels.  Because  of  persistent  difficulty  in  voiding,  and 
a  demonstrable  residual  urine  of  over  30  ounces  after  remo\-al  of  the  supra- 
pubic tube,  a  second  transurethral  resection  was  performed.  At  the  time 
of  discharge  the  residual  urine  ranged  from  4  to  6  ounces,  the  blood  urea 
nitrogen  was  27  mg.  per  cent.  In  the  routine  physical  examination  con- 
ducted at  this  time,  a  note  was  made  as  to  the  presence  of  a  large  right 
scrotal  hernia,  and  a  small  ventral  hernia. 

The  sixth  and  final  admi-ssion  took  place  in  September,  1939.  His 
complaints  at  that  time  were  exertional  dyspnea,  a.s  well  as  marked  fr(>- 
quency,  nocturia,  dribbling  and  burning  on  urination. 

Examinalion.  The  patient  was  an  emaciated  white  male.  The  lungs  were  hy- 
penesonant.  The  size  of  the  heart  could  not  be  determined  because  of  emphysema. 
The  blood  pressure  was  120  systolic  and  86  diastolic.  There  was  a  large  ventral 
hernia  which  contained  intestine  and  possibly  urinary  bladder.  There  was  an  enor- 
mous, only  partially  reducible  right  scrotal  hernia.  The  prostate  was  moderately 
firm  and  enlarged  to  twice  its  normal  size. 

Laboratory  Data.  Urine:  cloudy,  alkaline;  specific  gravity,  1.012;  albumin,  2  plus; 
and  15  to  20  white  blood  cells,  occasionally  clumped.  Blood:  Urea  nitrogen  66  mg. 
per  cent;  carbon  dioxide  combining  power,  25  volumes  per  cent.  The  phenolsul- 
phonphthalein  test  showed  less  than  5  per  cent  excretion. 

Course.  On  admission  his  residual  urine  was  found  to  be  over  600  cc.  An  in- 
dwelling catheter  was  inserted  and  the  fluid  intake  was  increased.  The  patient 
became  much  V^righter  and  more  comfortable ;  there  was  a  drop  in  blood  urea  nitrogen. 
On  the  eleventh  day  in  the  hospital  his  inguinal  hernia  became  irreducible  and  tender, 
and  hence  operation  was  undertaken.  Under  spinal  anesthesia,  a  huge,  strangulated, 
inguinoscrotal  hernia  was  found  and  reduced.  No  formal  attempt  at  hernioplasty 
was  made. 

Following  the  operation  the  patient  seemed  to  do  fairly  well  at  first.  He  ran  a 
low-grade  fever,  100  to  101°F.  He  then  developed  a  marked  cough  and  purulent 
sputum.  On  the  ninth  day  a  bedside  x-ray  examination  showed  a  bronchopneumonia 
of  both  lower  lobes.  However,  on  the  eleventh  day  his  temperature  became  normal 
and  remained  so.  His  condition  began  to  go  slowly  but  progressively  down  hill. 
The  blood  urea  nitrogen  rose  to  119  mg.  per  cent.  Nausea  and  vomiting  developed. 
His  uremia  failed  to  respond  to  intravenous  lactate-saline  solution  and  transfusion. 
He  died  four  weeks  after  the  hernia  operation. 

Necropsy  Findings.  At  the  bladder  neck  there  was  a  scar  at  the  site  of  the  trans- 
urethral resection.  On  the  left  side  of  the  bladder,  and  connected  to  the  lateral  lobe 
bj'  a  pedicle  was  a  large  polypoid  lesion.  On  section,  this  was  seen  to  be  composed 
of  prostatic  tissue.  One  could  see  that  on  closing  the  bladder,  this  tissue  was  in- 
strumental in  producing  a  severe  obstruction.  The  kidneys  showed  marked  bilateral 
hj'droncphrosis,  being  composed  now  of  only  a  thin  shell  of  renal  tissue.  Within 
this  shell  was  a  small,  benign,  yellow,  encapsulated  Grawitz  tumor.  In  addition  there 
were  evidences  of  infection  in  the  form  of  gangrenous  pyelitis,  and  numerous  small 
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abscesses.  There  were  multiple  small  cysts  in  the  kidneys.  The  cecum  and  some 
loops  of  small  intestine  were  the  .seat  of  a  necrotizing  enteritis. 

There  was  a  severe,  hemorrhagic  pneumonia  involving  the  greater  part  of  the 
upper  lobe  of  the  right  lung.  Extensive  fibrosis  was  found  in  the  anterior  wall  of 
the  left  ventricle  of  the  heart:  this  was  secondary  to  an  old  closure  of  the  ramus  primus 
of  the  left  coronary  artery. 

Comment.  Dr.  Baehr.  It  is  iiit(MTsting  that  in  spitr  of  a  modorat? 
azotemia  of  four  yeai-s'  duration,  tlii.s  man  was  ko]it  relatively  comfortable 
during  all  the.se  years  by  the  u.se  of  siu'gieal  methods.  Today,  tlie  opera- 
ti\'e  mortality  of  prostatic  operations  has  been  greatly  reduced  because  of 
the  introduction  of  tran.surethral  resection. 

Dr.  Klemperer.  There  is  definite  anatomical  e\  idence  that  the  death 
in  this  case  was  a  result  of  uremia,  namely,  the  necrotizing  enteritis.  The 
hydronephrosis  is  obviously  a  seciuel  of  the  longstanding  obstruction  at 
the  bladder  neck. 

Dr.  A.  Hyman.  There  has  been  marked  and  progressive  improvement 
in  both  techniciue  and  results  of  transtu'cthral  prostatic  resection.  Today, 
in  fact,  incontinence  is  a  rare  complication,  and  probably  should  never 
occur  in  a  properh'  executed  operation.  The  chief  dangers  are  still  hemor- 
rhage and  pyelonephritis.  This  case  was  operated  on  three  years  ago  when 
the  technique  was  still  in  the  early  stages  of  de\-eIopment.  At  the  present 
time  it  would  be  relatively  .simple  to  remove  the  pedunculated  portion.  I 
should  like  to  ask  Dr.  Klemperer  how  one  can  differentiate  between  a 
"benign"  and  "malignant"  Gi'awitz  tumor  at  operation.  Obviously  .such 
a  decision  is  important  since  the  procedure  depends  entirely  on  this  fact. 

Dr.  Klemperer.  If  the  tumor  is  infiltrating,  then  of  course  there  is  no 
difficulty.  However,  an  excellent  criterion  is  the  size  of  the  lesion.  If 
it  be  cherry-sized  or  close  to  this,  then  one  can  be  relatively  certain  it  is  not 
a  malignant  tumor.  The  incidence  of  discovery  of  such  benign  GraAvitz 
tumors  on  routine  autopsies  is  siu-prisingly  high. 


Reported  by  Max  Ellenberg,  .M.D. 
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Joseph  H.  Globus,  M.D.,  presiding 

Monday,  March  25,  1940 
Case  9}    Metastatic  Carcinoma,  Multiple,  of  Cerebellum 

[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler] 

History  (Adm.  437122;  P.M.  11145).  The  patient  a  woman,  aged  30 
yeans  was  admitted  to  the  hospital  in  March,  1939  complaining  of  "sciat- 
ica" and  severe  anorexia.  In  January,  1935  a  radical  amputation  of  the 
right  breast  had  been  performed  at  the  Post-Graduate  Hospital  for  a 
scirrhous  carcinoma.  She  felt  well  until  August,  1938  when  she  developed 
pain  in  the  lower  back  and  both  thighs  following  exposure  to  cold.  This 
"sciatica"  continued  and  was  followed  by  severe  pain  in  the  head  and 
neck.  She  entered  the  Bellevue  Hospital  in  February,  1939.  There, 
x-ray  examinations  of  the  spine,  pelvis,  chest  and  skull  were  found  to  be 
negative.  A  lumbar  puncture  was  also  reported  to  be  negative.  The 
patient  left  Bellevue  Hospital  without  improvement  with  her  anorexia 
becoming  progressively  worse  so  that  by  the  middle  of  February  she  was 
unable  to  retain  any  solid  food.    She  then  entered  this  hospital. 

Examination.  The  patient  weighed  only  80  pounds,  she  was  extremely  emaciated. 
She  was  oriented  in  all  fields,  but  uncooperative  and  at  times  incoherent.  Her 
behavior  was  extremely  melodramatic.  She  smiled  frequently  without  apparent 
cause  and  she  expressed  numerous  bizarre  ideas.  There  were  periods  of  varying 
duration  during  which  she  appeared  to  lose  contact  with  her  surroundings.  The 
scar  of  the  amputated  breast  was  well  healed.  Marked  hirsutes  of  the  legs  and  a 
tendency  to  male  escutcheon  were  noted.  She  tended  to  keep  the  left  eye  closed. 
The  reaction  of  the  pupils  to  light  was  somewhat  limited  in  excursion.  The  deep 
reflexes  were  all  equal  and  active.  There  were  no  objective  signs  of  sciatic  nerve 
involvement. 

Laboratory  Data.  Lumbar  tap  yielded  clear,  colorless  cerebrospinal  fluid  under 
an  initial  pressure  of  90  mm.  of  water.  The  total  protein  was  102  mg.  per  cent.  This 
was  repeated  later  and  the  total  protein  was  found  to  be  62  mg.  per  cent.  The  basal 
metabolic  rate  was  on  one  occasion  minus  10  per  cent  and  on  another  plus  10  per  cent. 
The  Janney  test  showed  a  high  sugar  curve  with  a  200  mg.  per  cent  maximum  at  three 
hours.  X-ray  examinations  of  the  gastro-intestinal  tract  were  negative.  Eye  con- 
sultation reported  the  fundi  to  be  normal. 

Course.  In  view  of  the  lack  of  organic  neurological  findings  and  because  of  the 
marked  emotional  conflict  which  was  uncovered  by  psychiatric  consultations  it  was 
felt  that  the  patient  was  suffering  from  a  severe  form  of  anorexia  nervosa.  The 
patient  was  placed  on  a  special  diet  and  given  Vitamin  B.    However,  she  did  not 

'  The  first  eight  cases  were  presented  in  previous  issues  of  the  Journal  (Vol. 
VII,  Nos.  5  and  6;  Vol  VIII,  No.  1). 
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improve  on  this  regime  and  about  three  weeks  after  admission  nystagmus  on  lateral 
and  upward  gaze  was  noted.  At  this  time,  ophthalmological  consultation  reported 
the  presence  of  papilledema  of  one-half  diopter  in  the  left  eye.  It  was  felt  then  that 
the  patient  might  have  a  lesion  in  the  inter-brain  area  because  of  the  vegetative 
disturbances.  Encephalography  was  performed  on  .\pril  4,  but  no  air  entered  the 
ventricular  system.  A  small  amount  of  air  was  present  in  the  supracallosal  sulcus 
and  over  the  cortex.  There  was  a  suggestion  of  a  mass  protruding  into  the  cisterna 
from  the  posterior  aspect.  X-ray  examination  of  the  skull  and  lumbosacral  spine 
as  well  as  of  the  pelvis  were  negative.  X-ray  examination  of  the  chest  revealed  two 
nodules,  one  in  each  lung,  measuring  about  Ij  inches  in  diameter  having  the  appear- 
ance of  metastases.  The  papilledema  in  the  left  eye  advanced  and  hemorrhages 
appeared,  while  the  right  eye  remained  relatively  normal.  The  patient  became 
somewhat  euphoric  and  was  able  to  retain  only  small  amounts  of  food.    She  con- 


tinued to  complain  of  severe  headache  which  occurred  paroxysmally  and  the  spells 
of  disorientation  decreased  in  number  and  frequency.  One  observer  believed  there 
was  some  weakness  of  upward  gaze  and  ataxia  and  adiadochokinesis  in  upper  extremi- 
ties, more  marked  on  the  right.  The  patient  then  developed  episodes  during  which 
she  claimed  she  became  blind.  On  April  18,  1939  the  patient  developed  fever  which 
mounted  rapidly  and  remained  elevated.  She  went  rapidly  downhill  and  died  .\pril 
22,  1939. 

Necropsy  Findings.  Brain.  Gross.  The  external  appearance  of  the  brain  was 
normal  except  for  yellowish  area  over  the  surface  of  the  right  cerebellar  hemisphere. 
This  half  of  the  cerebellum  was  softer  than  the  left. 

Upon  sectioning  the  brain,  a  marked  bilateral  symmetrical  internal  hydrocephalus 
was  found  affecting  the  lateral  ventricles,  the  third  ventricle  and  the  aqueduct  of 
Sylvius.    The  fourth  ventricle  was  also  somewhat  enlarged  and  was  deformed  and 
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displaced  to  the  right.  The  left  cerebellar  hemisphere  contained  a  large  tumor  mass 
measuring  5  x  SJ  cm.  and  occupied  nearly  the  entire  medullary  substance  including 
the  dentate  nucleus  (fig.  14.\).  The  tumor  was  clearly  demarcated  from  the  adjacent 
brain  tissue.  The  center  of  the  tumor  consisted  of  homogeneous  gelatinous  material. 
Surrounding  this  was  pale  tumor  tissue  in  which  were  a  few  small  hemorrhagic  areas. 
Within  the  cerebral  cortex  at  the  dorsal  aspect  of  the  lobe  there  was  a  small  tumor, 
measuring  1  cm.  in  diameter.  In  the  right  middle  cerebellar  peduncle  there  was  a 
similar  lesion. 

Microscopic.  Sections  of  the  tumor  tissue  in  the  cerebellum  stained  with  hema- 
toxylin and  eosin  show  the  presence  of  irregular  areas  of  neoplastic  cells  interspersed 
with  varying  amounts  of  connective  tissue  (fig.  14B).  The  neoplastic  cells  vary  in 
size  and  shape  and  in  the  relative  density  of  chromatin  material.  Occasionally  one 
sees  a  clumping  together  of  many  cells  giving  the  appearance  of  multinucleated  giant 
cells.  Areas  of  necrotic  tissue  are  present  along  with  hemorrhages.  Throughout 
the  connective  tissue  stroma  there  are  many  thin-walled  blood  vessels.  The  tumor 
is  fairly  well-demarcated  from  the  surrounding  tissue  but  in  the  substance  immedi- 
ately adjacent  can  be  seen  small  groups  of  neoplastic  cells. 

Comment.  Dr.  Globus:  Little  need  be  added  to  the  facts  presented  in 
the  account  given  above.  Attention  may  be  drawn  to  the  paucity  of 
objective  neurologic  findings  in  the  early  part  of  the  clinical  course  in  an 
instance  of  metastatic  brain  tumor.  Ths  history  of  primary  malignancy 
elsewhere,  as  in  the  breast  in  this  case,  should  have  aroused  a  strong  sus- 
picion of  the  probable  existence  of  a  metastatic  focus  in  the  brain.  It  is 
highly  significant  that  x-ray  examination  of  the  chest  disclosed  metastatic 
nodules  in  the  lung,  a  finding  one  .should  look  for  in  any  instance  of  a 
suspected  metastatic  lesion  in  the  brain. 


Reported  by  T.  Meltzer,  M.D. 


(George  IBlumenHjal 

lapril  7,  1858  func  26,  1941 

Wo  wlu)  liavo  gathered  togetlier  to  do  liomage  to  a  devoted  husband,  a 
loyal  friend,  and  a  great  humanitarian,  are  of  many  faiths  hut  of  one 
fellowship,  the  fellowship  of  humanity,  and  in  that  fellowship  it  is  fitting 
that  we  pause  for  a  moment  in  m(>ditation  and  prayer. 

We  are  often  told  that  any  man  can  be  replaced.  Is  this  true?  Posi- 
tions can  be  filled,  titles  can  be  transferred,  but  outstanding  men  of  dis- 
tinctive personality  are  never  replaced.  There  was  only  one  (Jeorge 
Blumenthal ;  there  will  never  be  another.  When  that  keen  mind  ceased  to 
function,  a  great  power  was  lost  to  the  world — a  power  that  had  been 
lavishly  exercised,  again  and  again,  for  the  good  of  mankind. 

George  Blumenthal  had  more  than  an  incisive  mind ;  he  had  an  ebullient 
yet  durable  energy,  an  indomitable  will,  an  unassailable  integrity,  great 
personal  charm,  a  warm  heait.  But  with  all  his  power,  with  all  his  gifts, 
with  all  his  assurance — so  well  warranted — in  practical  affairs,  he  was  one 
of  the  most  puzzled  and  in  a  sense  one  of  the  humblest  of  men.  He  had 
sought  in  vain  for  the  explanation  of  his  own  bitter-sweet  experiences  and 
of  the  experiences  of  others  who  were  dear  to  him.  He  was  abashed  by 
the  inscrutability  of  Providence,  he  was  di.smayed  and  depressed  by  the 
world's  disarray,  he  was  disheartened  by  the  suffering  of  the  innocent. 

The  contemplation  of  life's  vexing  problems  induced  in  him,  at  times,  a 
profovmd  pessimism,  but  he  never  permitted  himself  to  sink  into  futile 
despair.  He  might  talk  like  a  pessimist,  yet  his  life's  work  i'e\  ealed  a  core 
of  sturdy  optimism  in  his  nature,  for  with  persistent  hope  and  determina- 
tion and  with  imflagging  energy,  he  sought  to  impro^•e  the  lot  of  the 
unfortunate. 

Essentially  a  man  of  action,  he  was  impatient  of  needless  delays.  When 
there  was  a  task  to  do,  he  wanted  it  done  promptly.  There  were  moments 
when  he  was  brusque,  but  beneath  his  sharp  and  vibrant  executive  manner 
there  was  a  warm  and  everlasting  spring  of  tenderness.  His  friends  had 
ample  reason  to  know  that  no  one  could  be  more  thoughtful,  more  con- 
siderate of  others. 

George  Blumenthal's  publicly  known  benefactions  were  impressive  in 
their  scope,  yet  they  reflected  only  a  small  part  of  his  great  and  far-flung 
generosity.  To  understand  this  side  of  his  character  more  fully,  one  would 
have  to  know  how  often,  behind  the  scenes,  he  extended  a  helping  hand  to 
l^ersons  in  distress.  And  such  helii  was  given  kindly,  with  courtesy,  often 
anonymously. 
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It  was  to  America  and  to  American  institutions  that  he  owed  his  greatest 
opportunities,  and  this  obligation  he  sought  to  repay  by  every  means  at 
his  command. 

When  George  Blumenthal  joined  a  working  group,  his  quaUties  of  leader- 
ship soon  came  to  the  surface,  and  this  happened  without  aggressiveness 
on  his  part.  Men  turned  to  him  instinctively  when  they  saw  how  quickly 
he  grasped  a  situation,  how  just  was  his  attitude,  how  sound  his  judgment, 
how  inexhaustible  his  energy,  how  successful  he  was  in  getting  things  done. 

He  gave  and  inspired  the  utmost  loyalty.  Wherever  he  happened  to  be, 
friends  soon  surrounded  him.  His  friends  were  confined  to  no  race  and 
to  no  class. 

He  was  eager  to  spread  the  blessings  of  health  and  the  delights  of  beauty. 
He  never  relinquished  the  hope  that  through  the  advance  of  science  all 
men  might  be  enabled  to  share  in  the  solid  satisfactions  of  health,  and  he 
believed  that  all  men  should  do  so. 

Always  sensitive  to  beauty,  he  was  particularly  responsive  to  beauty 
that  was  man-made.  He  derived  endless  pleasure  from  beautiful  objects 
of  art  that  reflected  the  creative  ability  and  the  superlative  skill  of  authen- 
tic genius.  There  was  a  kinship  between  his  wish  to  popularize  art,  to 
give  to  the  humblest  citizen  the  opportunity  to  share  in  its  enjoyment,  and 
his  struggle  to  bring  about  a  wider  distribution  of  health. 

To  us  who  loved  George  Blumenthal  for  what  he  was,  for  what  he  did, 
for  what  he  suffered,  for  his  efforts  to  alleviate  the  sufferings  of  others;  to 
those  who  rejoiced  in  the  prolongation  of  his  active  and  fruitful  life;  to  her 
with  whom  he  spent  his  last  years  in  close  communion  and  in  the  shared 
realization  of  spiritual  values  derived  from  his  long  and  wide  experience, 
this  is  a  poignant  moment. 

To  us  George  Blumenthal  will  remain  a  tender  and  a  trea.sured  memorj', 
a  life-long  inspiration.  There  will  never  be  another  George  Blumenthal. 
May  he  rest  in  peace. 

S.  S.  GOLDWATER,  M.D. 
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Members  of  the  hospital  stat^"  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  col- 
umn brief  abstracts  of  their  articles  appearing  in  other  journals. 


Visceral  Complications  in  Tuberculosis  of  Bones  and  Joints.  H.  R.  Landmanx. 
Am.  J.  Surg.  44  :  569,  June  1939. 

The  predominantly  found  visceral  complication  of  skeletal  tuberculosis  was  the 
secondary  tuberculous  involvement  of  the  genito-urinary  tract.  Ten  out  of  159 
cases  with  definitely  proved  skeletal  tuberculosis  showed  visceral  complications. 
Five  of  these  ten  cases  suffered  from  genito-urinary  tuberculous  involvement.  The 
cases  were  almost  evenly  divided  between  the  sexes  and  the  age  group  of  25  to  40 
years  was  mostly  involved. 

As  several  authors  reported  the  frequency  of  genito-urinary  complications  in 
tuberculosis  of  bones  and  joints  repeated  urine  examinations  for  acid  fast  bacilli 
are  suggested  to  discover  earh-  complications  before  the  onset  of  clinical  mani- 
festations. 

The  Intestinal  Phase  in  L'rologic  Disease — The  Role  of  the  Colon  in  Uroinfeclions. 
R.  TuRELL.    Am.  J.  Digest.  Dis.  &  Nutrition,  6:  312,  July  1939. 

.\  careful  review  of  the  literature  as  well  as  a  personal  study  of  cases  was  presented 
to  show  that  stasis  of  fecal  current  and  anorectocolonic  inflammatory  and  suppura- 
tive disease  may  initiate  and  perpetuate  uroinfections  in  certain  cases.  In  the 
consideration  of  urinary  tract  infections,  it  is  surprising  to  note  that  in  the  past  little 
significance  has  been  attached  to  the  inflammatory  and  suppurative  anorectocolonic 
infections  lesions.  It  was  suggested  that  inflammatory  and  suppurative  proctologic 
lesions  should  be  searched  for  and  properly  evaluated  in  all  cases  of  uroinfection, 
especially  in  the  acute  and  recurring  types  of  pyelonephritis  caused  by  the  organisms 
of  the  colon  bacillus  group. 

The  treatment  of  the  cases  under  discussion  consisted  of  colonic  irrigation,  castor 
oil  catharsis,  agar-agar,  acidophilus  milk,  anti-constipation  diet,  and  the  eradication 
of  anorectocolonic  inflammatory  and  suppurative  disease.  The  disappearance  of 
the  pathologic  elements  of  the  urine  was  gradual,  and  at  times  very  slow,  requiring 
several  months.  As  these  patients  responded  to  the  treatment  directed  to  the 
colonic  lesion  alone,  they  were  not  considered  primary  urologic  problems. 

Insensible  Perspiration  in  Children.    G.  J.  Ginandes  and  \.  Topper.    .\m.  J.  Dis. 
Child.  58:  71,  July  1939. 
Studies  of  the  effect  of  certain  sympatheticomimetic  and  vagomimetic  drugs  on 
the  insensible  perspiration  and  heat  production  of  children  are  reported. 

The  drugs  used  for  these  studies  were  atropine  sulfate,  pilocarpine  hydrochloride 
and  epinephrine  hydrochloride.    Within  the  range  of  the  dosage  employed,  atropine, 
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pilocarpine  and  epinephrine  induced  a  disturbance  in  the  correlation  between  the 
insensible  perspiration  and  the  basal  metabolism.  Atropine  and  epinephrine  uni- 
formly decreased  the  insensible  perspiration.  Pilocarpine  increased  the  insensible 
perspiration.  The  basal  metabolism  was  uninfluenced  bj-  atropine  and  pilocarpine 
and  slightly  increased  by  epinephrine. 

The  facts  obtained  confirm  the  previously  elaborated  conception  as  to  the  mecha- 
nism of  the  insensible  perspiration  and  emphasize  the  important  effect  of  alterations 
in  the  vegetative  nervous  system  on  the  insensible  perspiration. 

Peri-anal  Tuberculosis.  E.  Graxet  and  J.  Gerexdasy.  Quart.  Bull.,  Sea  View 
Hosp.  4:  445,  July  1939. 
Peri-anal  infections  occur  in  5-10  per  cent  of  patients  with  pulmonary  tuberculosis 
as  contrasted  to  0.5  per  cent  in  the  non-tuberculous  population.  Seventy-five  per 
cent  of  fifty  patients  with  pulmonary  tuberculosis  who  were  operated  on  for  peri-anal 
infections,  showed  tuberculous  granulation  tissue  histopathologieally.  In  this 
series,  multiple  lesions,  i.e.,  abscesses  and  fistulae,  were  the  most  common.  Lesions 
were  frequently  extensive  and  spread  occurred  along  the  course  of  the  superficial 
peri-anal  lymphatics.  Conservative  surgerj'  is  futile  in  the  treatment  of  peri-anal 
tuberculosis  as  shown  by  persistence  of  pathology  in  40  per  cent  of  their  patients 
previously  operated  on  elsewhere.  Effective  treatment  demands  radical  excision 
of  all  existing  pathology.  Foci  of  tuberculous  granulation  tissue  must  be  carefully 
sought  for  in  the  wound  and  completely  eradicated  when  found.  Operation  in  stages 
is  indicated  when  lesions  are  extensive.  Radical  measures  as  described,  when 
instituted  early,  should  result  in  a  high  percentage  of  cures  (90  per  cent). 

The  Effect  of  Castration  on  Tubal  Contractions  of  the  Rabbit,  as  Determined  by  the  Rubin 
Test.    S.  WiMPFHEiMER  AND  M.  Ferestex.    Endocrinology,  25:  91,  July  1939. 

The  character  of  tubal  contractions  of  18  living  castrated  rabbits  was  compared 
with  that  of  an  equal  number  of  control  animals,  by  uterotubal  carbon  dioxide 
gas  insufilation.    After  castration,  the  contractions  were  less  frequent  and  weaker. 

The  administration  of  estrogenic  hormones  to  14  castrated  rabbits  resulted  in  an 
increase  in  the  rate  and  height  of  tubal  contractions.  The  addition  of  progesterone 
to  6  of  these  animals,  sensitized  with  estrogenic  substances,  resulted  in  a  diminution 
of  the  contraction  rate  in  3  instances  and  no  variation  in  the  remaining  3. 

After  castration,  the  tubal  mucosa  of  rabbits  became  atrophic  and  the  muscular 
layer  thin.  Following  injections  of  estrogenic  hormones  and  progesterone,  the  tubal 
mucosa  of  castrates  became  hypertrophied  and  the  muscular  layer  thicker. 

Basal  Metabolism  of  Tuberculous  Children.  II.  Afebrile  Primary  Pulmonary  Tuber- 
culosis.   A.  Topper  and  J.  Shore.    Am.  J.  Dis.  Child.  58:  119,  July  1939. 

For  the  past  three  years  extensive  studies  have  been  made  of  the  basal  metabolism 
in  children  with  tuberculosis. 

Children  with  active  afebrile  primary  pulmonary  tuberculosis  have  an  increased 
basal  metabolic  rate  as  long  as  there  are  signs  of  activitj'  of  the  disease  process. 
When  the  process  becomes  inactive  as  evidenced  by  absence  of  physical  signs,  nega- 
tive roentgenogram,  and  a  normal  sedimentation  rate,  the  basal  metabolism  returns 
to  a  normal  rate. 

It  is  believed  that  the  basal  metabolic  rate  is  a  diagnostic  criterion  of  activity  or 
inactivity  of  a  primary  lesion. 

This  does  not  however  apply  to  the  adult  type  of  tuberculosis  in  which  the  rate 
remains  normal  even  in  the  presence  of  extensive  pulmonary  pathologj'. 

Absorption  Lines  of  the  Cornea.    J.  Laval.    Arch.  Ophth.  22: 257,  August  1939. 

The  above  mentioned  condition  occurs  in  old  corneal  scars  following  inflammation 
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of  the  cornea  in  childhood.  The  scar  which  is  produced  in  childhood  is  more  easily 
vascularized  and  in  the  region  of  the  blood  vessels  some  of  the  inflammatory  tissue  is 
absorbed,  leaving  clear  lines.  In  these  clear  lines  in  the  cornea  the  obliterated 
vessels  can  still  be  seen.  This  absorption  does  not  occur  in  adults  because  the 
wandering  cells  and  the  fixed  cells  of  the  cornea  are  much  fewer  in  number  in  adult 
corneae.    A  case  is  reported  and  the  literature  is  reviewed. 

Granulocytopenia  Caused  by  Sulfapyridine  in  Children.  X.  Rosenthal  and  P. 
VoGEL.    J.  A.  M.  A.  113:  584,  August  1939. 

The  prolonged  and  intermittent  use  of  sulfapyridine  in  children  may  cause  damage 
to  the  hemopoietic  system  and  consequent  development  of  granulocytopenia. 

The  toxic  action  of  sulfapj'ridine  resembles,  to  a  great  extent,  the  effects  of  neo- 
arsphcnamine.  With  both,  the  bone  marrow  changes  are  rather  definite  and  vary 
from  a  maturation  arrest  to  a  distinct,  almost  complete  suppression  or  hypoplasia 
of  all  the  elements.  In  one  infant  who  recovered,  there  was  a  granulocytopenia 
with  a  marked  increase  in  monocytes  in  the  peripheral  blood.  The  sternal  marrow 
revealed  a  decrease  in  the  total  nucleated  count  with  an  increase  in  myelocytes.  In 
the  two  fatal  cases,  one  showed  a  severe  depression  of  the  myeloid  elements  with  a 
relative  increase  in  lymphocytes  and  normoblasts.  In  the  other,  the  effect  was  still 
more  marked  with  a  hypoplasia  of  all  elements  and  an  increase  in  the  number  of 
reticulo-endothelial  cells. 

Further  Notes  Concerning  Traumatic  Subdural  Hematoma.  S.  W.  Gross.  Radiology, 
33:213,  August  1939. 

Twelve  cases  of  traumatic  subdural  hematoma  are  reported,  8  males  and  4  females. 
In  every  instance,  but  one  there  was  a  history  of  an  injury  to  the  head.  In  most 
cases  there  was  a  latent  period  of  several  days  before  the  onset  of  symptoms.  An 
average  of  about  31  weeks  elapsed  from  the  time  of  the  accident  to  the  time  of  oper- 
ation. Four  patients  were  in  deep  coma  when  first  seen,  six  were  in  stupor,  and  two 
had  no  alteration  in  the  state  of  consciousness.  Headache  was  a  prominent  symp- 
tom in  every  case  but  one.  There  was  a  bradycardia  in  8  of  the  cases.  A  dilated 
pupil  was  found  on  the  side  of  the  lesion  in  onh'  3  cases,  in  2  the  large  pupil  was  on 
the  normal  side.  In  50  per  cent  of  the  patients  hemiparesis  and  increase  in  reflexes 
was  found  contralateral  to  the  lesion :  in  25  per  cent  the  hemiparesis  was  homolateral, 
in  the  remaining  25  per  cent  there  was  no  weakness  or  reflex  change.  Severe  papil- 
ledema was  found  in  onlj-  2  cases. 

The  cerebrospinal  fluid  was  clear  and  colorless  in  7  cases,  xanthochromic  in  4, 
and  bloody  in  one.  The  cerebrospinal  fluid  pressure  was  measured  in  8  cases.  In 
4  it  was  above  180  mm.  of  water.  X-ray  of  the  skull  showed  a  fracture  in  only  2 
cases. 

Operation  was  carried  out  in  every  case.  Eight  patients  made  satisfactory 
recoveries.  Four  patients  who  were  in  deep  coma  at  the  time  of  operation  died. 
The  author  recommends  bilateral  transtemporal  trephine  exploration  under  local 
anesthesia  whenever  a  traumatic  subdural  hematoma  cannot  be  eliminated  in  the 
differential  diagnosis. 

The  Intestinal  Phase  in  Urologic  Disease.  R.  Tdrell  and  \.  \V.  M.  Marino.  J. 
Urol.  42:  197,  August  1939. 
Evidence  was  presented  to  indicate  the  existence  of  a  close  relationship  between 
the  intestinal  and  urinary  systems.  It  was  shown  that  pathologic  activity  in  the 
digestive  tract,  especially  in  the  colon,  rectum,  and  anus,  under  certain  circum- 
stances, can  produce  disease  in  the  urogenital  tract.  It  was  pointed  out  that  disease 
in  one  system  may  mimic  a  pathologic  process  of  the  other  system.  It  was  also 
shown  that  it  is  impossible  at  times  to  satisfactorily  explain  a  disease  process  by  a 
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study  of  one  organ  or  one  system  of  organs.    Therefore,  the  investigation  of  "system 

pathology"  and  "system  diagnosis"  was  advocated. 

Partial  Thoracoplasty  (with  Extrafascial  Apicolysis)  and  Contralateral  Oleothorax. 
A.  H.  AuFSES.    J.  Thoracic  Surg.  8:  615,  August  1939. 

Two  cases  are  presented  in  which  partial  thoracoplasty  with  the  "Semb"  tech- 
nique was  performed  in  the  presence  of  a  contralateral  oleothorax.  As  far  as  could 
be  determined  this  combination  of  bilateral  collapse  methods  had  not  been  pre- 
viouslj'  reported  in  the  literature.  The  advantages  to  be  derived  from  a  contra- 
lateral oleothorax  (in  preference  to  pneumothorax)  during  the  performance  of 
thoracoplasty  in  bilateral  disease  are  presented. 

In  one  case  the  oleothorax  was  used  as  a  procedure  of  choice,  in  the  other  it  was 
necessary  because  of  an  obliterative  pleuritis.  In  spite  of  a  very  low  vital  capacity 
both  patients  had  uneventful  postoperative  courses  following  each  stage  of  a  two 
stage  thoracoplEisty.  The  final  result  in  one  was  excellent  with  no  visible  cavity  and 
negative  sputum;  the  other  refused  a  necessary  third  operation  and  has  a  small 
patent  residual  cavity. 

Primary  Carcinoma  of  the  Common  Bile  Duct;  Resection;  End-to-end  AnastoTnosis. 
J.  H.  Garlock.  Ann.  Surg.  110:  474,  September  1939. 
The  author  reports  a  case  of  primary  carcinoma  of  the  common  bile  duct  treated 
by  resection  and  end-to-end  anastomosis  of  the  common  duct.  Convalescence  was 
uneventful  and  the  patient  was  discharged  from  the  hospital  on  the  thirty-eighth 
day.  The  author  calls  attention  to  the  fact  that  too  great  reliance  should  not  be 
placed  upon  laboratory  tests  in  differentiating  obstructive  jaundice  from  jaundice 
of  hepatogenous  origin.  He  stresses  the  rarity  of  radical  surgery  when  a  patient 
first  comes  for  relief  of  the  jaundice 

A  New  Colostomy  Spur-crushing  Clamp.  J.  H.  G.^rlock.  Surgery,  6:  428,  Sep- 
tember 1939. 

The  author  reports  a  new  spur-crushing  clamp  for  use  in  surgery  of  the  large 
bowel  after  the  performance  of  the  Mikulicz  operation.  The  clamp  is  characterized 
by  its  simplicity  and  efficacy. 

Massive  Dose  Chemotherapy  of  Early  Syphilis  by  the  Intravenous  Drip  Method.  H. 
T.  Htman-,  L.  Chargix,  J.  L.  Rice  and  W.  Leifer.  J.  A.  M.  A.  113:  1208, 
September  1939. 

Eighty-six  cases  of  primary  and  secondary  syphilis  were  treated  by  the  intra- 
venous drip  method,  an  average  dose  of  4.0  Gm.  of  neoarsphenamine  being  given  in  a 
period  of  less  than  five  days.  Of  the  seventy-eight  patients  in  this  series  observed 
over  a  long  enough  period  of  time,  seventy  (90  per  cent)  are  apparently  "cured," 
four  more  show  a  definite  serologic  trend  toward  negativity,  and  four  are  failures. 
These  results  compare  favorably  with  those  obtained  by  the  routine  continuous 
method  of  therapy. 

There  were  minor  and  major  toxicologic  effects,  the  most  important  being  one 
fatality  due  to  hemorrhagic  encephalitis,  and  the  occurrence  of  peripheral  neuritis 
in  thirty-one  of  the  patients.  This  latter  complication  was  in  most  instances  mild, 
always  sensory,  and  cleared  up  spontaneously  in  from  three  to  six  months.  There 
also  occurred  four  cases  of  mild  jaundice,  all  of  whom  made  prompt  uneventful  re- 
coveries. 

These  investigations  are  being  continued,  with  modifications  which  are  reducing 
the  incidence  of  toxic  effects. 
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ALEX  MOSCHCXnVITZ 
My  Friend 

More  tluui  seven  years  ha\e  gone  since  we  lost  the  friendly  and  pro- 
fessional companionship  of  Ale.xis  Moschcowitz;  but  he  is  so  often  in  the 
thoughts  of  those  with  whom  he  worked  and  played  that  it  is  hard  to 
realize  he  will  not  return.  He  has  left  so  much  of  himself  in  scientific 
spirit  and  original  contribution  to  his  beloved  Surgery  that  his  place  has 
become  permanent  and  individual.  Xor  is  it  necessary  to  present  here 
a  catalogue  of  his  works;  they  form  an  impo.sing  group  in  every  library 
of  Medicine  where  those  desiring  to  gain  \'aluable  information  will  find  it. 
His  work  in  hernia  will,  doubtless,  be  noted  by  other  writers  in  this  com- 
memorative volume. 

My  first  meeting  with  Dr.  Moschcowitz  was  in  the  old  East  Thirty- 
fourth  Street  New  York  Polyclinic  where  I  had  a  little  out-patient  class 
for  minor  operations.  The  classes  were  most  informal  and  the  students, 
all  graduates  in  medicine,  from  many  regions  of  our  country  were  encour- 
aged to  question  or  discuss  what  was  being  done  for  the  patients,  whether 
operative  or  not.    Advice  or  suggestion  from  the  l)enches  was  welcome. 

Alex  and  I  had  a  good  time  and  the  more  I  saw  of  him  the  more  I  ap- 
preciated his  humor  and  his  originality.  One  day  a  red-faced  woman 
from  Britain  or  one  of  its  neighboring  islands  brought  an  injured  finger 
for  treatment.  She  had,  obviously,  taken  an  overdose  of  .some  agreeable 
stimulant  either  before  or  after  the  accident. 

As  we  were  preparing  to  operate  under  local  anesthesia,  a  white  rabbit 
from  the  near-by  animal  house  appeared  in  the  room.  There  was  a  curious 
expression  of  alarm,  almost  panic,  in  the  face  of  our  patient.  "What's 
that?"  inquired  Dr.  Mo.schcowitz,  pointing  toward  the  animal.  "Sure," 
said  she,  "It's  a  rabbit — isn't  it?",  after  careful  scrutiny  of  the  quadruped. 
Dr.  Alex,  moving  slowly  toward  the  door  of  entrance  gazed  earnestly 
and  returning,  with  a  smile  of  rea.s.surance,  informed  our  patient  that  it 
was,  indeed,  a  rabbit.  There  was  a  sigh  of  relief  when  the  lady  realized 
that  she  was  not  experiencing  an  hallucination.  And  the  operation  pro- 
ceeded. 

Arpad  Clerster,  one  of  th(>  fiist  in  America  to  practice  and  preach  true 
aseptic  surgery  and  who  was  the  author  of  valual>le  antl  beautifully  illus- 
trated books  on  the  subject,  learned  to  know  Alexis  Mo.schcowitz.  then 
an  Intern  in  what  in  those  days  was  The  German  Hospital.  The  con- 
scientious and  untiring  zeal  of  the  young  surgeon  was  greatly  admired 
by  Gerster  who  often  spoke  to  me  about  him  antl  at  last  welcomed  his 
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appointment  on  the  surgical  staff  of  The  Mount  Sinai  Hospital.  There, 
Moschcowitz  rose  b}^  stages  to  the  Attending  Staff  and  reached  the  im- 
portant grade  of  Consulting  Surgeon. 

It  was  at  Mount  Sinai  that  I  came  in  clo.se  contact  with  him.  He  was 
the  friend  of  everyone.  The  nurses,  who  were,  perhaps,  able  to  observe 
Dr.  Moschcowitz's  sympathetic  care  of  the  patients  and  the  cordiality 
of  his  relations  to  all,  noted,  too,  the  results  of  his  surgical  care;  quite 
naturally,  therefore,  he  developed  a  flattering  practice  among  the  graduates 
of  the  Traraiug  School — as  it  was  called  in  those  days.  A  pair  of  attrac- 
tive twdn  graduates  of  the  School  were  so  nearly  alike  in  appearance  that 
it  was  not  until  a  Moschcowitz  appendicectomj'  scar  appeared  that  one 
could  distinguish  them — and  then  only  with  unusual  difficulty. 

His  manner  of  carrying  on  discussions  in  professional  bodies  was  always 
a  jo}'.  I  well  remember  how  bluntly  yet  with  what  fascinating  tact  he 
disagreed  or,  rather,  corrected  one  of  the  grave  and  reverend  seniors  of 
the  American  Surgical  Association.  It  seems  to  me  that  this  was  at  his 
first  meeting  as  a  Fellow  of  that  distinguished  body.  Dr.  X.  had  de- 
scribed a  maimer  of  operating  in  the  upper  abdomen  and  had  illustrated 
his  talk  with  an  explanatory  dra\\'ing  on  the  black-board.  ^Vhen  the 
paper  was  thrown  open  for  discussion  Alex  rose  to  be  recognized  and  going 
to  the  black-board  with  an  apologetic  smile  on  his  face,  "That  is  the  anat- 
omy as  Dr.  X.  has  shown  you,"  he  said;  "but  I  think  it  is  this  way." 
And,  with  a  few  strokes  of  the  chalk  he  diagrammed  a  relation  of  the  parts 
which  was  obviously  the  correct  one.  This  was  accomplished  ra  such  a 
spirit  of  humor  and  good  nature  that  from  that  moment  Dr.  X.  became 
his  friend  and  champion. 

In  addition  to  scientific  knowledge  and  technical  skill  the  surgeon  must 
recognize  the  importance  of  the  psychic  approach  in  order  to  aUaj-  the 
natural  alarm  of  the  patient  contemplating  an  operation.  His  confidence 
in  the  man  who  is  to  undertake  the  task  will  often  make  all  the  difference 
between  success  and  failure. 

More  than  once  Dr.  Moschcowitz  has  been  my  fortunate  choice  when 
dealing  with  surgical  disease  in  those  whom  I  love. 


AN  APPRECIATION  OF  DH.  ALEXIS  VICTOR  MOSCHCOW  ITZ 


I  am  asked  to  contribute  a  few  introductory  remarks  to  this  issue  of  the 
Journal  which  memoriahzes  a  part  of  tlie  hfe  work  of  Alexis  V.  iNIosch- 
cowitz.  I  undertake  to  do  this  with  the  inevitable  timorousness  accom- 
panying all  efforts  that  end  up  in  cold  type;  and  yet  with  a  certain  pardon- 
able assurance  that  no  one  couUl  perform  the  task  with  a  larger  measure 
of  enthusiastic  and  sympathetic  understanding. 

My  acquaintance  with  A.  Y.  Moschcowitz  began  in  the  summer  of  1900 
when  he  was  adjunct  surgeon  and  I  was  a  recently  appointed  externe  to 
The  Mount  Sinai  Hospital.  In  me,  as  in  everyone  else  whose  orbit  touched 
his,  there  sparked  joy  and  warmth  at  the  first  contact.  It  was  typical  of 
the  man  to  inspire  such  a  reaction.  And  after  having  been  embraced  in 
the  sphere  of  his  personality,  one  mevitably  experienced  the  development 
of  an  indefinable  variety  of  affectionate  admiration  for  the  man.  Any 
picture  that  leaves  out  this  attribute  fails  to  show  the  real  measure  of 
Moschcowitz,  so  large  a  part  of  whose  nature  was  the  reciprocal  love  of 
him  for  man,  and  man  for  him. 

Likewise  a  picture  of  him  would  be  flat  and  colorless  if  it  did  not  portray 
the  joy  of  life  that  he  found  in  his  work.  Thoroughness  of  understanding 
and  painstaking  accuracy  of  execution  were  .so  much  of  the  nature  of 
passions  with  him,  that  they  not  only  colored  his  thought  processes  and  his 
surgical  performances  but  also  overflowed  into  the  broad  channels  of 
inspiration  to  those  who  worked  with  him.  Whenever  I  read  about  the 
influence  of  a  Cooper,  Abernathy,  Syme,  Liston  or  Lister  (to  mention  only  a 
few  that  come  into  mind  at  random)  on  younger  co-workers,  I  am  reminded 
of  IMoschcowitz  in  his  relationship  to  his  younger  colleagues.  If  there  be  a 
sounder  basis  on  which  to  rest  the  hope  for  immortality  than  that  of  hav- 
ing inspired  and  indoctrmated  youth,  I  know  not  what  it  is. 

Just  one  other  word  in  the  character  jjicture  of  the  man.  The  late  Dr. 
John  Chalmers  Da  Costa  once  told  me  that  although  he  preached  the  gospel 
of  the  uselessness  of  surgical  worry,  he,  nevertheless,  was  always  careful  to 
select  a  "worrying  surgeon"  to  care  for  the  Da  Costa  family's  surgical 
aihiients.  :Moschcowitz  was  a  "worrying  surgeon."  Xot  he,  the  futili- 
tarian  worrier,  who  translates  phantom  fears  into  matters  of  personal 
consequence;  he  was  the  type  of  constmctive  thinker  who  cannot  rid 
himself  of  the  load  of  threatening  disaster  until  he  has  struggled  to  grasp 
the  underlying  cause  or  causes  and  to  establish  present  and  future  pre- 
ventive procedures.  Thrice  ble.'^sed  the  patient  whose  welfare  rests  in  the 
mind,  heart  and  hands  of  such  a  surgeon 
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Xo  field  of  surgery  was  alien  to  Alexis  MoschcoA\atz :  a  fractured  femur,  a 
ureteral  calculus,  a  spinal  cord  neoplasm,  any  type  of  thoracic  or  abdom- 
inal lesion, — 'twas  all  in  the  day's  work  during  a  large  part  of  his  active 
career.  But  the  field  which,  more  than  anj'  other,  he  elaborated  and 
indelibly  impressed,  was  the  one  that  concerned  the  cause  and  cure  of 
hernia.  Inguinal,  femoral,  umbilical,  incisional,  ventral,  obturator,  in- 
carcerated, strangulated,  sliding  and  all  other  varieties  of  hernia  came,  at 
one  time  or  another,  under  the  nib  of  his  pen;  and  so  likewise,  at  one  time 
or  another,  almost  every  variety  of  hernia  came  under  the  strokes  of  his 
scalpel,  for  he  was  an  incomparably  fine  herniotomist.  It  would  be  diffi- 
cult to  select  a  better  example  than  that  furnished  b}'  ^loschcowitz  in  his 
hernia  work,  of  the  rare  and  happy  combination  of  the  academic  and  the 
practical  surgeon;  a  dualism  always  devoutly  to  be  hoped  for. 

That  the  Journal  of  The  ^loimt  Sinai  Hospital  should  see  fit  to  memo- 
rialize the  fine  spirit  and  attainments  of  Alexis  Moschcowitz  is  striking 
evidence  of  the  dogged  persistence  of  the  nobler  motivations  in  life. 

:\I.  G.  Seelig,  M.D. 


A  MODIFIC  ATION  OF  THE  MOSCHCOWITZ  OPERATION  FOR 

FEMORAL  HERNIA 

HAROI.i:)  XKUMOK.  M.D. 

The  operation  devisotl  by  A.  \.  Moschcowitz  through  an  inguinal  ap- 
proach was  intended  as  a  precise  and  definitive  sohition  of  the  problem  of 
femoral  hernia.  It  made  feasible  not  only  a  truly  high  ligation  of  the  neck 
of  the  sac  but  also  a  satisfactory  surgical  nianagem<>nt  of  the  contents  of 
the  sac  in  cases  of  irreducible  or  strangulated  femoral  hernia.    Foi'  these 


Fig.  1.  The  landmarks  in  the  male  are  indicated  with  Poupart's  ligament  as  a 
double  dotted  line.  The  inguinal  incision  is  lower  than  usual.  In  the  insert  are 
indicated:  (A)  the  stump  of  an  ablated  indirect  sac,  (B)  the  bulge  of  a  direct 
hernia,  and  (C)  the  stump  of  an  ablated  femoral  sac  as  it  existed. 

reasons  it  represented  an  advance  over  the  customary  Bassini  hernioplasty 
performed  in  the  upper  portion  of  Scarpa's  triangle.  The  latter  type  of 
operation  suffices  for  the  cure  of  femoral  hernia  in  the  great  majority  of 
instances,  according  to  the  opinion  of  .some  observers  who  beheve  the  Mosch- 
cowitz  operation  therefore  is  unnecessar}'.  However,  the  chief  objection  to 
the  ingenious  procedure  originated  by  Moschcowitz  is  that  the  inguinal  canal 
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is  laid  open  in  order  to  expose  and  ablate  the  femoral  sac,  and  as  a  result 
the  development  of  an  inguinal  hernia  is  invited.  Indeed,  instances  of 
inguinal  hernia  following  the  Moschcowitz  operation  for  femoral  hernia 
have  been  noted.  As  a  result,  the  operation  has  not  been  as  widely  prac- 
ticed as  otherwise  might  have  been  the  ca.se. 

In  order  to  restore  the  Moschcowitz  operation  to  the  place  which  it 
warrants,  an  effort  has  been  made  to  modify  that  aspect  of  the  procedure 
which  invites  the  possibility  of  formation  of  an  inguinal  hernia.    It  will  be 


Fig.  2.  Three  sutures  are  passed  between  the  aponeurosis  of  the  external  oblique 
and  Cooper's  ligament.  Some  of  the  fibers  of  Gimbernat's  ligament  often  can  be 
included  with  advantage,  but  Poupart's  ligament  is  not  included. 

recalled  that  the  operation,  having  laid  open  the  inguinal  .space,  is  termi- 
nated by  approximating  the  aponeurosis  of  the  external  oblique  to  the 
reflected  surface  of  Poupart's  ligament.  A  .shelf  is  thus  constructed  which 
closes  the  inguinal  canal,  but  the  dead  space  necessarily  manufactured  in 
the  exposure  of  the  femoral  sac  and  adjacent  structm-es  is  not  obliterated 
and  hence  is  the  potential  site  for  an  inguinal  hernia.  The  dead  space  is 
effectively  obliterated,  at  least  in  large  part,  b}'  the  following  modification 
of  the  placement  of  sutures  for  the  closure  of  the  inguinal  canal:  the  thin 
but  definite  fibrous  membrane  medial  to  the  iliac  vein  and  immediately 
adjacent  to  the  deepest  portion  of  the  reflected  surface  of  Poupart's  liga- 
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ment  is  traversed  bluntly,  the  instrument  following  the  continuation  of 
Poupart's  Hgament  into  the  peh  is  in  the  form  of  Cooper's  ligament.  The 
latter  is  exposed  to  its  attachment  to  the  pubis,  for  it  is  Cooper's  and  not 
Poupart's  ligament  which  is  to  be  utilized  primarily  for  the  attachment  of 
the  external  ol)li(iue  aj)()neurosis.    With  gentl(>  lateral  retraction  of  the 


Fig.  3.  The  deep  sutures  have  been  tied.  The  reflected  surface  of  Poupart's 
ligament  is  approximated  to  the  adjacent  aponeurosis  of  the  external  oblique  by  a 
second  layer  of  sutures.  Complete  closure  can  be  made  in  the  operation  for  femoral 
hernia  in  a  female. 


Fig.  4.  Diagram  to  illustrate  the  difference  in  effect  between  the  conventional 
type  of  operation  and  that  described  in  the  text.  Vertical  section.  On  the  left  the 
external  oblique  is  attached  to  the  deepest  portion  of  Poupart's  ligament,  Cooper's 
ligament  not  being  utilized.  The  undefended  space  is  not  well  supported.  On  the 
right  the  external  oblique  is  brought  to  Cooper's  ligament,  Poupart's  not  being  uti- 
lized (in  the  first  layer).    The  undefended  space  is  well  buttressed. 

external  ihac  vein,  there  is  exposed  an  area  of  Cooper's  ligament  sufficient 
for  the  placement  of  two  or  three  sutures  which  hug  the  periosteum.  When 
these  sutures  are  tied,  the  external  oblifiue  is  drawn  downwards  and  inwards 
in  the  form  of  a  sling,  thus  buttressing  or  obliterating  the  dead  space. 
Incidentally,  an  assurance  against  recurrence  of  the  femoral  hernia  is  given 
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by  the  support  obtained  for  the  stump  of  the  femoral  sac  hy  this  fascial  or 
aponeurotic  sling.  The  next  step  is  the  attachment  of  Poupart's  liga- 
ment to  the  external  surface  of  the  sling,  thereby  reinforcing  the  support 
of  the  inguinal  canal.  In  \'iew  of  the  necessity  for  the  absence  of  tension 
on  the  line  of  approximation  of  the  external  obUque  to  Cooper's  ligament, 
an  adequateh-  mobile  flap  of  external  oblique  aponeurosis  Is  required. 
This  should  be  provided  for  at  the  outset  of  the  operation  by  opening  the 
inguinal  canal  at  a  lower  level  (nearer  the  inguinal  fold)  than  is  u.sually 
chosen.  ,\nother  feature  to  which  reference  maj^  be  made  is  the  use  of  the 
Reverdin  needle  for  the  convenient  passage  of  the  deep  sutures  through 
Cooper's  ligament. 

The  foregoing  modification  is  realh'  not  a  modification  of  the  Moschco- 
witz  operation  for  femoral  hernia,  but  a  modification  of  the  standard 
method  of  closure  of  the  inguinal  canal.  As  such,  however,  becau.se  of  the 
greater  assurance  that  is  offered  again.st  the  evolution  of  an  inguinal  hernia, 
it  should  provide  justification  for  a  wider  application  of  an  othenvLse  highly 
satisfactory  surgical  operation  for  femoral  hernia. 


L.\TE  SEQUELAE  OF  STRANGULATED  HERNIA  WITH  A 
REPORT  OF  TWO  ILLUSTRATIVE  CASES 


PERCY  KLINGEXSTEIX,  M.D.,  and  RALPH  COLP,  M.D. 
[From  the  Surgical  Service  of  Dr.  Ralph  Colp] 

The  complications  arising  in  strangulated  hernia  are  usually  manifested 
in  the  immediate  postoperative  period.  The  mortaUty  associated  with 
this  accident,  ai^ide  from  cardiac  and  respiratory  complications  incident 
to  the  more  advanced  age  groups  in  which  strangulation  most  often  occurs, 
is  due  to  progressive  damage  to  the  bowel  incident  to  a  compromised  blood 
supply.  The  emergency  can  be  met  by  prompt  operation  with  release  of 
the  constricted  gut  before  irremediable  changes  have  taken  place.  The 
extent  of  the  vascular  damage  to  the  hollow  contents  of  the  sac  is  usually 
appreciated  hy  the  surgeon  at  operation.  The  decision  to  replace  the 
bowel  after  relieving  the  constriction  or  to  extirpate  it  with  or  without  the 
reestablishment  of  intestinal  continuity  is  not  always  a  simple  one.  Atten- 
tion to  certain  criteria  will  aid  in  arriving  at  a  proper  decision  but  even 
the  most  experienced  will  fail  to  appreciate  the  extent  of  bowel  damage  in 
some  instances.  Postoperative  intestinal  paresis  and  peritonitis  with  a 
fatal  termination  is  frequently  an  indication  that  reduced  hernial  contents 
were  non-viable.  Fortunately  in  rare  instances  the  processes  of  repair 
and  destniction  in  damaged  bowel  are  equally  balanced  so  that  chronic 
progressive  rather  than  acute  necrotic  inflammatory  changes  take  place, 
manifesting  themselves  late  after  operation  with  a  resultant  train  of  symp- 
toms which  we  have  learned  to  recognize  and  combat.  Two  such  cases 
have  recently  been  encountered  and  furnish  the  basis  of  this  report. 

CASE  REPOKTS 

Case  1.  History  (.\dm.  431574).  S.  B.,  a  male,  50  years  of  age,  referred  by  Dr. 
Saul  .larcho,  was  admitted  as  a  private  patient  to  The  Mount  Sinai  Hospital  on 
October  .30,  19.38.  Fifteen  hours  before  admission,  the  patient  had  developed  severe 
abdominal  pain,  at  first  localized  to  the  epigastrium,  and  then  radiating  to  the  right 
lower  quadrant.  Vomiting  soon  occurred.  There  were  no  bowel  movements  for  the 
twenty-four  hours  prior  to  admission.  \  hernia  which  was  present  for  many  years 
following  an  appendectomy  twenty-eight  years  before  began  to  bulge. 

Examination.  .\t  the  time  of  admission  the  patient  was  an  acutely  ill  man  rolling 
about  in  the  dorsal  recumbent  position,  vomiting  at  intervals.  There  wiis  slight 
abdominal  distention  of  the  upper  abdomen,  but  no  visible  peristalsis.  In  the  right 
lower  quadrant,  immediately  distal  to  an  oblique  appendicectomy  scar,  was  a  mass 
about  18  cm.  long  and  about  6  cm.  wide.  The  mass  was  firm  and  somewhat  tender. 
The  rectal  examination  was  negative.  The  pulse  was  100  per  minute;  temperature, 
100°F.,  and  respirations,  20  per  minute.    The  urine  was  acid;  specific  gravity,  1.032, 
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with  a  slight  trace  of  albumin.  The  blood  urea  nitrogen  was  19  mg.  per  cent,  and 
the  chloride  530  mg.  per  cent. 

Operation.  This  was  immediately  performed  under  spinal  anesthesia.  Just  below 
a  right  McBurney  incision  was  a  firm  irregular  grapefruit-sized  irreducible  mass. 
The  scar  was  excised  and  the  hernial  sac  exposed.  The  contents  consisted  of  omen- 
tum which  was  injected  and  presented  several  areas  of  purplish  ecchymosis.  The 
strangulated  bowel  which  was  about  a  foot  in  length  was  injected,  indurated,  and  was 
deeply  cyanotic  in  several  large  areas.  However,  after  treatment  with  hot  saline 
for  about  five  minutes,  the  color  of  the  loop  became  noticeably  pinker  and  the  pur- 
plish areas  disappeared.  The  pulsation  of  the  mesenteric  vessels  in  the  region  of  the 
affected  bowel  was  palpable.    Part  of  the  omentum  was  resected  and  the  loop  of 


Fig.  1.  X-ray  showing  barium  introduced  through  Miller-Abbott  tube.  Arrows 
point  to  strictured  areas  in  ileum. 

bowel  was  returned  within  the  peritoneal  cavity.  The  hernial  sac  was  removed  and 
the  peritoneum  was  sutured  as  a  separate  layer  with  continuous  chromic  catgut;  the 
overlying  transversalis  fascia  with  some  muscle  was  sutured  with  interrupted  chromic 
sutures.  The  aponeurosis  of  the  external  oblique  was  then  overlapped  and  the  skin 
closed  with  pincettes. 

Postoperative  course.  Following  operation  the  patient  was  given  continuous 
intravenous  saline  and  an  indwelling  Levin  tube  was  introduced.  The  Levin  tube 
was  removed  on  the  fourth  day  and  the  following  day  a  spontaneous  bowel  movement 
occurred. 

The  wound  healed  by  primarj-  union  and  the  patient  was  discharged  on  the  fif- 
teenth postoperative  day,  November  15,  1938. 
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The  patient  was  readmitted  four  days  later,  because  fifteen  hours  before  he  had 
begun  to  experience  mild  cramp-like  pain  in  the  epigastrium  and  periumbilical 
region.  This  pain  came  in  short  sharp  attacks  and  was  associated  with  weakness  and 
profuse  sweating.  There  had  been  no  vomiting  and  no  bowel  movement  in  the 
I)revious  twenty-four  hours. 

F.xamination  revealed  a  rather  dehydrated  patient  who  was  undoubtedly  suffering 
from  an  incomplete  intestinal  obstruction.  There  was  very  little  epigastric  tender- 
ness, no  distention  and  no  visible  peristalsis.  The  previous  wound  was  healed.  He 
was  placed  upon  intravenous  saline;  a  Miller-Abbott  tube  was  introduced  successfully 
afid  within  twenty-four  hours  there  was  a  spontaneous  bowel  movement.  A  thin 
barium  solution  was  then  introduced  through  the  Miller-Abbott  tube  and  roentgeno- 
grams were  made  (fig.  1).  The  roentgenologist  reported  that  a  short  distance  from 
the  tip  of  the  tube  there  was  a  narrowed  segment  of  ileum  followed  by  a  slightly  dis- 
tended segment  about  four  inches  in  length.  The  barium  did  not  progress  beyond  the 
latter  segment  for  about  thirty  minutes,  then  it  slowly  passed  and  was  eliminated 
through  the  stool  the  next  morning.  The  appearance  suggested  a  narrowed  segment 
of  the  ileum  near  the  tip  of  the  tube  and  a  second  point  of  partial  obstruction  some 
ten  inches  distally. 

On  November  21,  1938,  in  view  of  the  fact  that  the  obstruction  was  incomplete,  the 
bulb  of  the  Miller-Abbott  tube  was  deflated  and  the  tube  was  clamped  off.  The 
patient  was  given  fluids  and  soft  diet  by  mouth.  However,  within  twenty-four  hours, 
he  experienced  mild  but  definite  cramp-like  pain  across  the  upper  abdomen.  The 
blood  chlorides  were  595  mg.  per  cent;  the  carbon  dioxide  combining  power  was 
58.6  volumes  per  cent. 

It  was  felt  that  further  conservative  treatment  was  futile  and  accordingly  the 
patient  was  reoperated  on  November  29,  1939.  Under  avertin  and  ethj^lene  anesthe- 
sia, a  lower  right  rectus  incision  was  made  and  a  mass  immediately  presented  itself 
into  the  abdominal  wound.  It  was  covered  by  omentum  and  made  up  of  a  loop  of 
intestine  bound  upon  itself.  The  proximal  portion  was  thickened  and  almost  com- 
pletely stenotic  and  about  ten  inches  distally  there  was  another  obstruction.  An 
entero-enterostomy  was  made  so  as  to  exclude  the  involved  loop,  using  chromic  for 
the  mucosal  sutures  and  linen  for  the  serosal  suture.  The  abdomen  was  closed  in 
la3-ers  using  chromic  throughout  and  skin  for  the  skin. 

Following  operation,  the  patient  did  exceedingly  well  and  the  Miller-Abbott  tube 
was  withdrawn  within  five  days.  The  wound  healed  by  primary  union.  He  was 
discharged  on  the  fourteenth  postoperative  day. 

Case  2.  History  (Adm.  447094).  The  patient,  a  married  woman,  was  first  ad- 
mitted to  The  Mount  Sinai  Hospital  in  January,  1939  with  a  negative  past  history 
except  for  an  umbilical  hernia  of  twelve  years'  duration  which  had  always  been 
reducible.  Ten  days  prior  to  admission  the  hernia  had  been  irreducible  for  twelve 
hours.  Forty-eight  hours  prior  to  entry  the  hernia  again  became  irreducible,  pro- 
gressively larger,  painful  and  tender.  Vomiting  ensued.  There  was  obstipation  for 
forty-eight  hours. 

Examination.  The  patient  was  a  markedly  obese  woman;  temperature,  101°F. ; 
pulse,  110  per  minute;  hydration  moderate.  Crepitant  inspiratory  r&les  were  heard 
at  the  left  base.  The  blood  pressure  was  130  systolic  and  100  diastolic.  Beneath 
the  umbilicus  was  an  irregular  mass  about  20  cm.  in  diameter,  the  overlying  skin  was 
reddish  purple  and  hot.  No  peristalsis  was  seen  or  heard  in  the  sac;  the  abdomen 
elsewhere  was  soft  with  borborygmi  audible. 

Operation  (Dr.  Druckerman).  Immediate  operation  was  performed  under  150 
mg.  procaine  (spinal  anesthesia).  The  sac  was  opened  after  the  hernia  ring  was 
defined.    The  sac  contained  about  two  feet  of  bowel  which  was  congested.  There 
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were  two  points  in  the  bowel  where  the  bowel  entered  the  sac  and  returned  into  the 
abdomen  where  the  changes  incident  to  strangulation  were  more  marked  than  else- 
where due  to  pressure.  Circulation  rapidly  returned  except  in  the  two  severely  con- 
stricted points  described  above.  The  bowel  was  temporarily  replaced  into  the 
abdomen  while  the  operation  was  continued.  Reinspection  showed  a  definite  im- 
provement in  the  two  questionable  areas  and  faint  peristaltic  waves  were  seen  to 
pass  through.  The  operator  felt  the  bowel  to  be  viable  and  it  was  replaced.  A 
typical  Mayo  hernioplasty  was  performed. 

Postoperative  course.  Two  days  following  the  operation  stool  and  flatus  were 
passed.  There  was  no  distention.  The  patient  developed  some  chest  signs  which 
were  interpreted  as  atelectatic  and  corroborated  by  x-ray  examination  of  the  chest 
which  revealed  an  elevated  right  portion  of  the  diaphragm.  The  patient  ran  a  low 
grade  temperature  of  undetermined  origin  although  the  wound  appeared  clean.  The 
significance  of  this  temperature  will  be  better  evaluated  in  the  light  of  her  second 
admission.  The  patient  was  discharged  well  and  afebrile,  twenty-seven  days  post- 
operatively. 

Follow-up  (September  6,  1939).  The  patient  was  well  and  the  wound  was  well 
healed  until  two  weeks  prior  to  reporting  to  the  Follow-Up  Clinic.  At  that  time, 
there  was  a  spontaneous  discharge  of  a  brown,  purulent  material  from  the  mid- 
portion  of  the  wound.  It  was  noted  that  the  discharge  did  not  appear  fecal  and  no 
gas  escaped. 

Second  admission  (October  11,  1939).  The  patient  was  readmitted  to  the  hospital 
with  a  frankly  fecal  discharge.  There  were  two  openings  separated  by  normal  skin. 
In  addition,  she  experienced  some  epigastric  fullness  and  cramps  following  meals. 

Examination.  The  abdomen  was  pendulous.  There  was  a  transverse  scar  in  the 
mid-abdomen  in  the  center  of  which  was  an  irregular,  indurated  area  with  two  sinus 
openings  wliich  drained  fecal  material.  Insoluble  carmine  by  mouth  appeared  on 
the  dressings  in  four  hours.  Attempts  to  heal  the  fistula  without  operation  con- 
sisted of  local  application  of  silver  nitrate  and  ultra-violet  rays  to  the  area.  These 
forms  of  therapy  proved  ineffective.  It  was  felt  that  some  mechanical  factor  was  at 
work  to  prevent  the  fistula  from  closing  as  there  was  no  evidence  that  it  was  a  muco- 
cutaneous type.  X-ray  studies  of  the  small  bowel  were  undertaken  with  a  Miller- 
Abbott  tube  in  situ  (fig.  2).  X-ray  studies  showed  enormously  dilated  loops  of  small 
bowel  up  to  the  point  at  which  the  Miller-Abbott  tube  could  be  passed.  With  the 
Miller-Abbott  tube  in  situ  to  decompress  the  bowel  the  patient  was  operated  upon. 

Operation.  Avertin  and  ethylene  anesthesia  was  administered.  A  transverse 
incision  was  made  circumscribing  the  skin  around  the  sinuses  which  were  sewn  over. 
A  mass  of  indurated  tissue  representing  the  region  of  the  sinus  tract  was  encountered 
communicating  with  the  small  intestine.  The  tissues  of  the  abdominal  wall  were 
edematous.  The  abdomen  was  entered  through  a  transverse  incision.  Numerous 
omental  adhesions  were  divided  until  the  excised  fistulous  tract  was  defined  adherent 
to  the  loops  of  intestines  entering  into  its  formation.  The  Miller-Abbott  tube  was 
identified  and  a  tremendously  hypertrophied  and  dilated  afferent  loop  was  also 
identified.  The  small  distal  loops  were  adherent  to  the  sinus  tract,  all  entering  a 
complex  mass  of  numerous  fistulae  at  the  apex  of  the  mobilized  small  bowel.  A 
continuous  loop  of  bowel  was  then  identified,  the  proximal  half  extremely  dilated, 
the  distal  half  small  and  entering  the  fistulous  communication,  which,  when  cut 
away  from  the  two  presenting  loops,  revealed  the  following  state  of  affairs:  a  very 
small  opening  in  the  extremely  large  loop  and  two  small  openings  in  the  distal  collapse 
loop,  the  two  small  openings  the  result  of  the  loop  being  pulled  up  in  a. U-shaped  man- 
ner. There  was  complete  discontinuity  of  the  bowel  except  for  the  small  fistulous 
tracts;  and  the  entire  lumen  of  the  bowel  had  been  compromised  so  that  the  only 
openings  were  the  small  communications  with  the  skin.    The  opening  in  the  dilated 
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proximjil  loop  wns  closed  over  and  the  small  distal  loop  because  of  two  openings  was 
resected  ixito  healthy  tissue.  A  lateral  side-to-side  anastomosis  was  then  done  be- 
tween the  dilated  afferent  and  the  small  efferent  loops.  A  typical  Mayo  hernioplasty 
was  again  done.  Drainage  was  instituted  subcutaneously  at  either  angle  of  the 
wound.  The  resected  specimen  measured  12  cm.  in  length,  showing  a  moderate 
circumscribed  stricture  of  the  small  intestine  due  to  marked  fibrosis  of  thesubmucosa. 

Postoperative  course.  The  i)atieiit  made  a  very  smooth  and  uncomplicated  recov- 
ery. The  jMiller-Abbott  tube  proved  a  valuable  adjuvant.  It  was  removed  seven 
days  after  operation.    The  bowels  moved  regularly.    There  was  never  any  vomiting 


Fig.  2.  X-ray  showing  enormous  dilatation  of  the  small  bowel  proximal  to  the  site 
of  stricture.    Arrow  points  to  this  area. 

or  any  abdominal  distention.  The  wound  collected  some  non-odorous  purulent 
material  which  necessitated  tube  drainage  but  which  did  not  retard  her  convalescence 
and  she  was  discharged  twenty  days  after  operation.  At  the  present  time  the  wound 
is  well  healed  and  she  is  asymptomatic. 

DISCUSSION 

For  the  most  part,  the  comphcations  arising  as  the  result  of  intestinal 
strangulation  in  hernial  sacs  are  directly  in  proportion  to  the  degree  of 
mechanical  constriction  and  vascular  compromise.  These  manifest  them- 
selves relativeh^  earlj'  in  the  postoperative  period  if  a  restitutio  ad  integrum 
does  not  occur  either  as  the  result  of  complete  viability  of  the  reduced  gut 
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or  its  removal  by  the  surgeon.  Gangrene  of  the  replaced  bowel,  p>erf ora- 
tion and  peritonitis  are  the  chief  causes  of  early  postoperative  manifesta- 
tions and  accounts  for  most  of  the  mortality  of  this  condition,  omitting  for 
immediate  consideration  those  patients  in  whom  intestinal  resection  was 
primarilj'  undertaken  for  gangrene.  Generally  the  condition  of  the 
intestines  as  found  at  operation  can  be  delineated  into  three  groups.  In  the 
first,  there  is  no  doubt  as  to  the  viabUity  of  the  gut.  The  hernial  sac 
contains  a  clear  serous  fluid  and  after  the  constricting  ring  is  cut  a  slightly 
hemorrhagic-appearing  length  of  bowel  immediateh'  assumes  a  normal 
healthy  appearance  and  the  points  of  constriction  immediately  dilate. 
In  the  second  group,  the  intestine  is  frankly  gangrenous,  the  seat  of  an 
advanced  hemorrhagic  infarction,  sometimes  actually  perforated.  In 
these  instances  the  sac  contains  bloody  fluid;  at  times  malodorous  or  even 
frank,  foul-smelling  pus  may  surround  the  intestine  which  is  thin-walled, 
inelastic  and  blackish-green  in  appearance.  The  mesentery  is  swollen, 
ecchymotic,  and  the  vessels  may  or  may  not  pulsate.  No  peristalsis  is 
seen  passing  through  the  involved  portion.  Between  these  two  extremes, 
the  obviously  viable  and  the  franklj'  gangrenous,  there  is  a  large  group 
in  which  even  the  most  experienced  observer  will  have  difficulty  in  accu- 
rately appraising  the  ^'iability  of  the  exposed  gut.  The  bowel  may  appear 
healthy  except  for  the  areas  at  which  the  strangulation  actually  occurs  and 
following  long  continued  observation  peristalsis  may  be  judged  to  be  suffi- 
ciently active  to  warrant  replacement.  In  other  cases,  the  color  may 
return  to  disillusion  the  operator,  resulting  in  a  false  sense  of  securit^^ 
Attention  has  been  called  to  the  fallibility  of  the  judgment  of  the  surgeon 
in  this  respect  by  Beller  and  Colp  (1)  who  reviewed  278  cases  of  strangu- 
lated herniae  and  found  that  fourteen  deaths  in  this  series  occurred  with 
symptoms  suggesting  gangrene  of  the  replaced  bowel  in  a  group  of  forty- 
seven  patients  in  which  the  operative  note  suggested  some  doubt  in  the 
operator's  mind  as  to  viability.  In  eight  of  these  cases,  autopsj'^  substan- 
tiated the  clinical  impression.  Fortunately,  not  all  cases  in  which  the 
extent  of  bowel  damage  has  been  underestimated  go  on  to  gangrene. 
Although  complete  devitalization  does  not  occur,  the  changes  occurring 
in  the  bowel  as  the  result  of  strangulation  particularly  at  the  points  of 
constriction  (Schniirfurche)  do  not  permit  a  return  to  normal.  The  mucosa 
of  the  bowel,  the  most  \ailnerable  element,  undergoes  necrosis.  The  en- 
suing ulceration  combined  with  infection  and  diminished  blood  supply 
as  the  result  of  local  thrombosis  results  in  a  failure  of  mucosal  regeneration. 
Fibroblastic  replacement  results  in  stricture  which  may  be  either  tubular 
involving  a  variable  length  of  intestine  or  anular  involving  onh^  the  areas 
actually  strangulated.  Ginzburg  and  IQein  (2)  ha^-e  re\'iewed  five  such 
cases  and  call  attention  to  the  time  interval  between  replacement  of  the 
damaged  bowel  and  the  development  of  a  sufficiently'  narrow  bowel  lumen 
to  give  rise  to  symptoms  of  either  complete  or  partial  intestinal  obstruc- 
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tion.  Our  first  case  was  unusual  in  that  the  train  of  obstructive  symptoms 
with  tubular  stenosis  occurred  only  three  weeks  after  the  original  her- 
niotomy. In  our  second  case  nature  had  almost  effected  spontaneous 
enterectomy,  the  involved  bowel  undergoing  perforation  which  fortunately 
became  adherent  to  the  incision,  resulting  in  a  fecal  fistula.  The  con- 
tinuity of  the  bowel  in  this  case  was  almost  completely  interrupted,  the 
point  of  egress  of  the  intestinal  contents  being  narrowed  beyond  recognition 
so  that  an  almost  blind  loop  of  the  small  intestine  was  encountered  at 
operation.  The  first  manifestations  of  bowel  damage  in  this  case  occurred 
as  late  as  nine  months  after  the  initial  operation.  In  both  cases  marked 
intestinal  obstruction  as  determined  by  X-ray  with  the  aid  of  the  Miller- 
Abbott  tube  was  an  outstanding  feature.  In  the  first  case,  clinical  symp- 
toms of  obstruction  were  predominant;  in  the  second  case,  the  symptoms 
were  altered  by  the  development  of  a  fecal  fistula  which  mitigated  the 
obstructive  phenomena,  which  were  nevertheless  present.  In  both  cases, 
short-circuiting  operations  were  employed  to  correct  the  condition.  In 
the  second  case,  an  enterectomy  had  to  be  resorted  to  because  of  the 
numerous  fistulous  openings  and  the  strictured  condition  of  the  involved 
loop. 

SUMMARY 

1.  Two  unusual  cases  of  late  intestinal  complications  following  her- 
niotomy for  strangulated  hernia  are  presented. 

2.  In  both  instances  intestinal  stenosis  was  the  underlying  pathological 
process. 

3.  In  one  case  a  fecal  fistula  developed  as  late  as  nine  months  after 
herniotomj^  on  this  basis. 

4.  Intestinal  obstruction  was  the  predominant  clinical  feature  in  both 
cases. 

5.  Short-circuiting  procedures  were  employed  in  both  cases  to  effect  a 
cure.    In  one  case  an  enterectomy  had  to  be  performed. 
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EXTRADURAL  VARIX  SIMULATING  HERNIATED 
NUCLEUS  PULPOSUS 


IRA  COHEN,  M.D. 

In  many  cases  after  the  disclosure  at  operation  of  an  extruded  nucleus 
pulposus,  the  clinical  course  and  picture  can  be  reconstructed  from  the 
anatomical  location  of  the  lesion.  Beginning  with  the  history  of  trauma, 
continuing  with  the  onset  of  pain  in  the  lumbar  region  radiating  down  the 
outer  aspect  of  one  leg,  we  note  the  absence  of  an  ankle  jerk  and  slight 
sensory  changes  in  the  distribution  of  the  fourth  or  fifth  lumbar  nerve  root, 
and  finally  obtain  cerebrospinal  fluid  with  elevated  total  protein.  There 
may  be  any  number  of  deviations  from  this  classical  picture.  The  history 
of  trauma  may  not  be  obtained;  the  reflex  or  sensory  changes,  or  both, 
may  be  absent;  the  protein  content  of  the  cerebrospinal  fluid  may  be 
normal.  There  finally  remains  but  one  constant  feature,  that  is,  pain. 
But  even  this  may  not  follow  the  usual  distribution.  It  may  not  descend 
below  the  knee.  Any  or  all  these  variations  may  be  encountered  in  a 
protruded  disc  at  the  common  site,  lumbar  4  or  5. 

There  is  little  wonder  that  in  the  atypical  cases,  confirmatory  evidence 
by  air  myelography  or  spinal  lipiodol  studies  assumes  an  important  role. 
The  need  of  this  confirmation  Ls  especially  called  for  when  (in  the  absence 
of  reflex  changes)  the  sensory  findings  are  misleading.  A  clear  cut  sensor}^ 
level,  as  obtained  in  many  spinal  cord  tumors,  is  readih^  determined,  but 
even  the  most  cooperative  and  intelligent  patient  can  lead  the  examiner 
astray  in  an  examination  to  determine  sensorj'  changes.  Possibly  this 
class  of  patients  is  too  eager  to  help.  Those  who  are  not  cooperative  or  who 
belong  to  a  lower  order  of  intelligence,  offer  difficulties  from  an  obviously 
different  angle. 

Based  upon  a  rather  typical  historj^  and  lipiodol  x-ray  pictures,  a  pre- 
operative diagnosis  of  herniated  nucleus  pulposus  was  made  in  the  patient 
whose  case  report  follows. 

CASE  REPORT 

History  (Adm.  406437).  A.  S.,  a  fifty-four  year  old  married  woman,  was  examined 
by  Dr.  Israel  Strauss  in  IMarch,  1937.  She  had  been  under  observation  in  November, 
1936  and  in  January,  1937  for  the  same  complaint,  namely,  pain  in  the  lumbar  region 
and  left  leg.  Some  nine  years  prior  to  the  onset  of  the  pain,  she  had  injured  her  back 
by  a  fall  while  skiing  and  had  spent  three  days  in  bed.  For  a  year  prior  to  her  first 
admission,  she  had  noted  pain  in  the  lumbar  region  just  to  the  left  of  the  midline. 
The  pain  was  aggravated  by  stooping.  She  also  had  pain  in  the  left  thigh  and  knee. 
This  was  a  separate  complaint,  as  there  was  no  radiation  of  pain  from  the  back  to  the 
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leg.  On  the  first  admission  one  observer  noted  diminished  sensation  up  to  the  tenth 
thoracic  dermatome  with  sparing  of  sacral  segments.  The  left  knee  jerk  was  slightly 
more  active  than  the  right,  and  the  proximal  muscles  of  the  left  lower  extremity 
seemed  weak.  The  x-ray  examinations  of  the  spine  were  negative.  The  cerebro- 
spinal fluid  studies  showed  no  block  and  a  normal  protein  content. 

During  a  two  months'  period  the  patient  wore  a  brace  and  received  radiotherapy 
to  th»back  without  relief.  When  she  was  readmitted  there  was  noted  the  same  differ- 
ence in  the  knee  jerks.  This  time  the  sensory  changes  were  limited  to  hypalgesia 
over  the  outer  portion  of  the  left  thigh  in  the  distribution  of  lumbar  two  and  three. 


Fig.  1.  Lipiodol  defect  at  fourth  lumbar  interspace 

The  lipiodol  which  was  injected  into  the  cisterna  magna  descended  promptly  to  the 
cul-de-sac.  When  the  patient  was  in  an  inverted  position  the  lipiodol  would  not 
flow  up  past  the  fourth  lumbar  vertebra  during  the  half  hour  in  which  it  was 
observed.    Most  of  the  lipiodol  was  washed  out  and  the  patient  was  discharged. 

Two  months  later  the  patient  was  readmitted.  In  the  interim  her  pain  had 
increased.  \Valking  was  all  but  impossible;  rising  from  a  sitting  position  gave  ex- 
cruciating pain.  Lipiodol  was  again  injected  and  this  time  was  interpreted  as  show- 
ing a  narrowing  and  asymmetry  at  the  fourth  lumbar  interspace  (fig.  1). 

Operation.  On  .A.pril  1,  1937  a  laminectomy  was  carried  out  from  lumbar  two  to 
lumbar  four.  W^hen  the  dura  was  opened,  the  fourth  lumbar  root  on  the  left  could 
be  seen  stretched  over  and  elevated  by  a  soft  bluish  swelling.    Under  the  mistaken 
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idea  that  this  was  a  herniated  disc,  an  incision  was  made  in  the  anterior  dura  into 
the  mass.  Very  brisk  venous  bleeding  ensued.  It  was  controlled  by  cotton  until 
a  muscle  graft  could  be  used  which  completely  controlled  it. 

Immediately  upon  reacting  from  the  anesthetic,  the  patient  found  that  her  pain 
had  disappeared.    She  has  remained  well  to  date. 

DISCUSSION 

Last  year  before  the  New  York  Surgical  Society,  Dr.  Jefferson  Browder 
reported  a  somewhat  similar  case.  Recently,  Dr.  James  Greenwood,  Jr. 
of  Houston,  Texas  had  an  excellent  exhibit  at  the  American  ]Medical  Asso- 
ciation meeting  of  seven  cases  showing  spinal  epidural  varicosities  at 
various  levels,  two  of  which  were  in  the  lumbar  region  and  clinically  re- 
sembled herniated  discs.  I  know  of  no  other  reported  case.  In  their 
ver}'  complete  paper,  Globus  and  Doshay  (1)  make  no  mention  of  the 
particular  lesion  under  discussion.  The  epidural  hemangioma  are  of 
course  thoroughly  dealt  with. 

If  the  existence  of  -^ch  a  lesion  is  borne  in  mind,  its  true  character 
should  be  diagnosed  once  it  Ls  exposed.  As  suggested  bj'  Greenwood,  it  is 
probably  best  treated  by  electrocoagulation. 

SUMMARY 

1.  Attention  is  called  to  the  condition  of  varicosities  in  the  extradural 
spinal  veins. 

2.  In  the  lumbar  region  this  may  resemble  the  clinical  picture  of  a 
herniated  nucleus  pulposus. 
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INTERSTITIAL  HERNIA 
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[Fruin  the  Surgical  Service  of  Dr.  Harold  Xeufwf] 

"An  interstitial  hernia  is  one  that  m  its  development  does  not  follow  the 
course  of  the  spermatic  cord  into  the  scrotum,  but  spreads  out  in  the  in- 
terstices or  planes  of  the  abdominal  wall  itself,"  (Moschcowitz  (2)).  Three 
varieties  of  interstitial  hernia  are  recognized  anatomically:  1)  inguino- 
superficial,  in  which  the  sac  lies  between  the  aponeurosis  of  the  external 
oblique  and  the  skin;  2)  interparietal,  in  which  the  sac  lies  in  the  fascial 
or  muscular  planes  of  the  abdominal  wall,  and  3)  properitoneal,  in  which 
the  sac  lies  between  the  peritoneum  and  the  transversalis  fascia.  Many 
of  these  hernias  are  bilocular,  one  loculus  being  an  indirect  hernial  sac 
which  communicates  at  its  neck  with  the  interstitial  hernia.  Although 
interstitial  hernias  are  uncommon.  Lower  and  Hicken  (1),  in  1931,  found 
that  589  cases  had  been  reported  in  the  literature.  A  few  cases  have  been 
reported  since  then. 

The  following  are  the  records  of  two  cases  of  interstitial  hernia  for 
which  operation  was  performed. 

CASE  REPORTS 

Case  1.  History  (.\din.  460002).  S.  G.,  a  man,  age  27  years,  was  admitted  to  the 
hospital  on  July  18,  1940,  with  the  complaint  of  a  left  inguinal  hernia  of  four  years' 
duration.  The  hernia  was  not  completely  reducible  for  many  months.  The  left 
testis  was  undescended  since  birth. 

Examination.  There  was  a  large,  irreducible,  left  inguinal  hernia  (fig.  1).  .\  well 
developed  left  testis  was  undescended,  and  could  be  felt  high  up  in  the  upper  portion 
of  the  inguinal  region  within  the  hernial  bulge.  The  left  side  of  the  scrotum  was 
poorly  developed.    The  blood  )i\'isserniann  reaction  and  urinalysis  were  negative. 

Operation.  Gas,  oxygen,  and  ether  anesthesia  was  administered  and  a  left  inguinal 
incision  made.  .\  large  peritoneal  sac  measuring  about  ten  by  six  centimeters  in 
diameter  presented  immediately  under  the  subcutaneous  tissue  lying  on  the  external 
oblique  aponeurosis.  The  sac  was  isolated  from  the  surrounding  subcutaneous 
tissues.  During  this  procedure  there  was  a  sudden  diminution  in  the  size  of  the  sac, 
as  though  some  of  its  contents  had  been  reduced.  The  sac  was  found  to  come  out  of 
the  external  ring  and  turn  upward  between  the  skin  and  the  external  oblique  aponeu- 
rosis. The  latter  was  divided.  .\  large  portion  of  the  hernia  was  found  in  the 
inguinal  canal  in  the  usual  relation  to  the  cord  structures.  On  opening  the  sac,  the 
testis  was  found  in  its  upper  part.  It  measured  about  three  by  two  centimeters  in 
diameter,  and  was  of  normal  consistency.  Some  omentum  presented  through  a  very 
wide  internal  ring. 

The  sac  was  isolated  from  the  cord  structures.  When  the  neck  of  the  sac  was 
exposed,  the  sigmoid  colon  was  found  to  form  a  part  of  the  posterior  wall  of  the  sac 
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(sliding  hernia).  An  attempt  to  construct  a  new  peritoneal  mesentery  at  this  site 
was  partially  successful.  The  wide  neck  of  the  sac  was  closed  with  a  continuous 
silk  suture.  Strands  of  connective  tissue  between  the  vessels  of  the  cord  were  divided 
to  allow  lengthening  of  this  structure.  The  testis  was  sufficiently  mobilized  to  place 
it  in  the  scrotum  without  tension.  The  conjoined  tendon  of  the  internal  oblique  and 
transversalis  fascia  and  the  external  oblique  aponeurosis  were  united  to  Poupart's 
ligament  over  the  cord  with  interrupted  silk  sutures.  This  was  followed  bj'  an  over- 
lap of  the  remaining  leaf  of  Poupart's  ligament. 

Postoperative  course.  During  the  first  postoperative  day  the  temperature  rose  to 
103°F.  This  was  associated  with  some  cough,  cyanosis  and  dyspnea.  There  were 
signs  of  an  atelectasis  of  the  right  lower  lobe.  The  patient  was  placed  in  an  oxygen 
tent  for  two  days.  On  the  fourth  postoperative  day  the  temperature  was  normal  and 
the  pulmonary  signs  had  disappeared.  The  wound  healed  by  primary  union.  There 
was  no  enlargement  of  the  testis.  The  patient  was  discharged  16  days  after 
operation. 


Fig.  1.  Preoperative  photograph  of  inguinal  regions;  circle  indicates  site  of  left 
testis. 

Follow-up  course.  Examination  on  September  17,  1940  showed  a  firmly  healed 
wound.    The  left  testis,  of  normal  size,  was  located  in  the  scrotum  (fig.  2). 

Case  2.  History  (Adm.  441677).  J.  G.,  a  man,  age  54  years,  was  admitted  to  the 
hospital  on  June  8,  1939,  with  the  complaint  of  a  recurrent,  right  inguinal  hernia  of 
three  j'ears'  duration.  A  hernioplasty  was  performed  at  another  hospital  six  years 
before  admission.  A  recurrence  was  noted  three  years  after  operation.  The  patient 
wore  a  truss  after  the  detection  of  the  recurrence. 

Examination.  There  was  a  large,  recurrent,  right  inguinal  hernia  filling  the  right 
inguinal  region  and  scrotum.  The  hernia  was  directly  under  the  skin  and  extended 
upward  in  the  abdominal  wall  well  above  the  site  of  the  internal  inguinal  ring. 

Operation.  Avertin,  ethylene  anesthesia  was  administered  and  a  right  inguinal 
incision  was  made,  excising  the  old  scar.  After  incising  a  thin  layer  of  scar  tissue,  a 
very  large  sac  measuring  about  eight  by  four  inches  in  diameter  was  exposed.  The 
wall  of  the  sac  was  thin,  and  many  loops  of  small  intestine  could  be  seen  through  it. 
The  sac  extended  from  about  two  inches  above  the  internal  ring  into  the  scrotum. 
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The  honxia  was  indirect  and  direct,  the  latter  component  coming  through  a  large 
defect  in  the  floor  of  the  inguinal  canal.  The  absence  of  anj'  adequate  barrier  per- 
foitted  the  sac  to  bulge  through  the  small  amount  of  scar  tissue  to  present  under  the 
skin.  When  opened,  the  sac  was  found  to  contain  many  feet  of  loops  of  small  in- 
testine. The  intestinal  loops  in  the  scrotum  were  adherent  to  each  other  in  many 
places  with  many  areas  of  constriction  of  the  intestine.  These  adhesions  were  di- 
vided so  as  to  straighten  out  the  intestinal  loops.  The  raw  surfaces  were 
peritonealized. 

.\ftor  all  the  intestinal  loops  were  reduced  into  the  peritoneal  cavit}',  the  neck  of 
the  sac  was  found  to  be  rather  rigid,  measuring  about  six  by  three  centimeters  in 
diameter.  The  neck  of  the  sac  was  closed  from  within  with  a  continuous  silk  suture. 
The  sac  was  divided  low  down  in  the  inguinal  canal,  removing  the  inguinal  portion 
and  not  disturbing  the  scrotal  portion.  In  order  to  facilitate  repair,  the  cord  struc- 
tures were  divided  at  the  internal  ring  and  partially  excised.  The  aponeurosis  of 
the  external  oblique  at  the  inner  margin  of  the  defect  in  the  direct  space  was  united 


to  Poupart's  ligament  with  interrupted  silk  sutures,  followed  by  an  overlap  of  the  , 
remaining  leaf  of  Poupart's  ligament.    The  skin  was  closed  with  interrupted  silk 
sutures. 

Postoperative  course.  A  fairly  large  amount  of  serosanguinous  fluid  collected  in 
the  large  dead  space  in  the  operative  site.  This  fluid  subsequently  became  infected, 
necessitating  irrigations  through  a  small  opening  in  the  wound.  There  was  slight 
fever  for  a  period  of  three  weeks.  The  patient  was  discharged  with  a  healed  wound 
25  days  after  operation. 

Follow-up  course.    Examination  on  March  19,  1940  showed  a  firmly  healed  wound. 


Both  patients  had  the  mguinosuperficial  variety  of  interstitial  hernia. 
The  first  case,  like  the  majority  of  cases  of  this  type,  was  associated  with 
an  undescended  testis.  In  the  series  of  123  cases  collected  by  Lower  and 
Hicken  (1),  86  were  in  males.  Ectopic  testes  were  present  in  67  of  these 
cases.    The  undescended  testis  is  not  a  constant  factor,  because  in  some 


Fig.  2.  Postoperatu  u  pu.ji  jgiaph  of  inguinal  regions 
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instances  the  testes  are  in  their  normal  position,  and  in  some  cases  the 
condition  is  found  in  females.  The  hernia  in  the  second  case  was  anatom- 
ically in  the  group  of  inguuiosuperficial  hernias,  but  the  condition  was 
artificially  produced  as  a  result  of  the  previous  operation. 

Of  aid  in  the  diagnosis  of  interstitial  hernia  is  the  association  of  a  hernia 
extending  above  the  site  of  the  internal  ring,  an  ectopic  testis,  and  sympn 
toms  of  intestinal  obstruction.  The  latter  was  not  present  in  the  cases 
reported.  In  some  instances  a  hernia  may  not  be  palpable,  the  testis 
may  be  in  the  scrotum,  and  no  obstructive  symptoms  are  present.  The 
surgical  treatment  of  the  non-strangulated  cases  is  easily  carried  out  if  the 
condition  is  properly  recognized. 
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ASYMPTOIMATIC  TRAUMATIC  DIAPHRAGMATIC  HERNIA 
MISTAKEN  FOR  PULMONARY  TUBERCULOSIS 


ARTHUR  H.  AUFSES,  M.D. 
[From  the  Surgical  Service  of  Dr.  Harold  Neuhof] 

Since  the  advent  of  contrast  radiography  of  the  gastro-intestinal  tract, 
the  correct  clinical  diagnosis  of  diaphragmatic  hernia  has  been  made  more 
frequently.  In  1854,  Bowditch  (2)  made  the  first  diagnosis  of  diaphrag- 
matic hernia  durmg  life.  Arnsparger  (1)  stated  that  the  condition  had 
not  been  recognized  clinically  more  than  ten  times  prior  to  1908.  In  1912, 
Giffin  (4)  collected  690  cases  from  the  literature,  but  only  fifteen  of  these 
had  been  diagnosed  before  death.  Ivienbock  (8),  in  1913,  noted  that  in  the 
German  literature  only  three  cases  had  been  diagnosed  clinically  and 
proven  by  autopsy. 

With  the  use  of  gastro-intestinal  x-ray  examination,  the  condition  is 
now  recognized  more  frequently.  Hundreds  of  cases  have  been  described 
in  the  literature  and  even  the  public  has  become  surprisingly  well  aware 
of  its  existence,  due  to  the  newspaper  notoriety  afforded  the  "upside  down 
stomach."  Harrington  (5)  reported  that  at  the  Mayo  Clinic,  only  thirty 
cases  had  been  recognized  clinically  in  the  twenty-five  year  period  prior 
to  1925.  Of  these  nineteen  were  operated  upon.  On  the  other  hand,  in 
the  twelve  years  from  1925  to  1937,  two  hundred  and  eleven  cases  were 
diagnosed,  and  one  hundred  and  thirty-one  of  these  were  treated  sur- 
gically (6). 

A  diaphragmatic  hernia  may  be  entirely  asymptomatic  and  only  dis- 
covered upon  routine  physical  examination  or  at  post-mortem.  Usually 
it  gives  rise  to  symptoms,  which  simulate  organic  disease  of  the  upper 
abdominal  organs  or  the  thoracic  viscera.  Harrington,  in  reporting  one 
himdred  and  five  cases,  stated  that  an  average  of  three  erroneous  diagnoses 
were  made  before  the  correct  one  was  determined.  Furthermore,  nineteen 
of  these  patients  had  had  unnecessary  laparotomies.  He  advocated  the 
inspection  of  the  diaphragm  in  all  upper  abdominal  operations,  if  patho- 
logical lesions  are  not  found  in  the  viscera. 

Aside  from  presenting  symptoms  suggestive  of  upper  abdominal  disease, 
the  displacement  of  the  abdominal  organs  into  the  thoracic  cavitj'  may 
simulate  disease  of  the  lungs  or  of  the  heart.  Hedblom  (7),  Trucsdale 
(13,  14)  and  others  have  stres.sed  the  importance  of  considering  herniation 
through  the  diaphragm  in  the  differential  diagnosis  of  obscure  thoracic 
symptoms.    A  review  of  the  literature  reveals  a  number  of  instances  in 
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which  patients  have  been  treated  for  pulmonary  tuberculosis,  when  the 
symptoms  were  actually  due  to  a  diaphragmatic  hernia. 


Fig.  1.  X-ray  examination  revealed  a  large  shadow  in  the  left  thorax 


Fig.  2.  After  a  period  of  observation  for  two  years,  the  shadow  in'the  left  thorax 
cleared,  but  x-ray  examination  still  revealed  some  pathology  at  the^eft  base. 

Truesdale,  in  1935,  reported  the  occurrence  of  a  traumatic  diaphrag- 
matic hernia  in  a  boy  of  five,  which  had  been  diagnosed  hy  a  number  of 
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eminent  clinicians  as  pulmonaiy  tuberculosis.  Paisseau,  Guenaux  and 
Gautier  (11)  cited  a  case  in  a  child,  who  was  ononcoush'  treated  for  tuber- 
culosis of  the  right  lower  lobe.  Later,  lipiodol  bronchograph}-  and  gastro- 
intestinal studies  revealed  the  presence  of  a  diaphragmatic  hernia.  Morton 
(9)  reported  the  case  of  a  five  year  old  boy,  whose  x-ray  was  interpreted  as  a 
pulmonary  lesion  until  later  investigation  showed  the  presence  of  abdominal 
contents  within  the  thorax.  Truesdale,  in  1939,  operated  upon  a  girl  of 
ten,  who  had  been  sent  to  Colorado  eight  years  previously  because  of  the 
diagnosis  of  pulmonary  tuberculosis. 

Badenhauer  (cited  by  Bowen  (3))  performed  the  first  laparotomy  for  a 
hernia  of  the  diaphragm  (1879).  The  first  transthoracic  operation  for 
diaphragmatic  hernia  was  performed  in  this  country  by  O'Dwyer  (10)  in 
1889.    During  the  removal  of  a  piece  of  rib  for  drainage  of  a  supposed 


Fig.  3.  X-ray  examinations  taken  six  months  after  operation  revealed  a  normal 
chest  with  a  slightlj'  elevated  left  diaphragm. 

empyema,  he  discovered  the  stomach  and  intestines  in  the  thorax.  He 
reoperated  the  next  day  and  repaired  the  hernia  but  the  child  died  a  few 
hours  after  operation.  In  the  same  year  Postemp.ski  (12)  reported  the 
transthoracic  repair  of  a  tliaphragmatic  hernia. 

The  case  presented  here,  is  unusual  because  an  erroneous  diagnosis  of 
pulmonary  tuberculosis  was  made  in  an  asymptomatic  child  during  a  rou- 
tine investigation  of  his  family.  His  father  had  a  chronic  rheumatic 
lesion  of  the  mitral  valve  and  wa.s  also  suspected  of  having  tuberculosis. 
X-raj'  examination  of  the  child's  chest  revealed  a  large  shadow  in  the 
left  thorax  (fig.  1). 

The  boA'  was  kept  under  observation  for  two  years  in  hospitals  and  clinics 
during  which  time  the  .-shadow  cleared,  but  x-ra>'  examination  still  revealed 
some  pathology  at  the  left  base  (fig.  2).    Aspirations  were  done  on  numer- 
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ous  occasions  without  success,  untU  gastric  contents  were  finally  obtained 
and  the  correct  diagnosis  established.  It  is  of  interest  that  while  the  boy 
was  under  observa; 'on,  his  father  died  without  definite  e\'idence  of  ever 
having  had  pulmonary  tuberculosis.  The  boy  was  operated  upon  and 
cured.  X-ray  examinations  (fig.  3)  performed  six  months  after  operation 
revealed  a  normal  chest  with  a  slightly  elevated  left  diaphragm. 

CASE  REPORT 

History  (.\dm.  .3241.37).  A  white  boy,  eleven  years  old,  was  admitted  to  The 
Mount  Sinai  Hospital  on  March  21,  1931.  The  patient  had  no  symptoms  and  did  not 
feel  ill.  In  1927,  following  an  automobile  accident,  the  patient  spent  six  months 
in  a  hospital.  In  1929,  two  years  prior  to  admission,  because  of  suspected  tubercu- 
losis in  his  father,  the  child  was  examined  at  a  clinic.  Thereafter,  he  visited  the 
clinic  once  a  week.  Following  a  fluoroscopic  examination  some  time  later  he  was 
admitted  to  another  hospital  where  he  was  kept  in  bed  for  two  months.  During  this 
time  a  diagnosis  of  "pneumothorax"  (according  to  the  family)  was  made  and  aspira- 
tion of  the  chest  was  attempted  without  success.  Otherwise,  the  past  and  familial 
history  is  irrelevant. 

One  month  after  discharge,  he  was  sent  to  another  hospital  in  Atlantic  City  for 
convalescent  care.  He  remained  there  ten  weeks,  .\fter  discharge  from  that  hos- 
pital he  again  visited  a  clinic  at  weekly  intervals  and  at  his  last  visit  a  small  amount  of 
white  fluid  was  aspirated  from  the  left  lower  chest.  Following  this  procedure  he  was 
advised  to  enter  The  Mount  Sinai  Hospital. 

The  patient's  only  symptoms  consisted  of  slight  dyspnea  and  palpitation.  He 
was  slightly  underweight  but  had  no  cough,  expectoration,  or  chest  pain.  He  felt 
strong  and  had  a  good  appetite. 

Examination.  The  only  positive  findings  related  to  his  chest.  There  was  lagging 
of  the  left  side  of  the  chest  on  deep  inspiration.  The  right  hemithorax  had  normal 
resonance  and  breath  sounds  throughout.  Over  the  left  lung,  there  were  diminished 
resonance,  diminished  breath  sounds  and  vocal  fremitus  from  the  seventh  rib  down 
posteriorly.  Occasional  riles  were  heard  over  this  area.  The  left  apex  was  clear. 
A  tympanitic  note  could  be  elicited  in  the  posterior  axillary  line  about  the  eighth  rib. 

The  right  border  of  the  heart  could  be  percussed  three  centimeters  to  the  right 
of  the  mid-sternal  line.  The  rate  was  regular,  and  the  sounds  were  of  good  quality. 
A  slight  systolic  murmur  was  heard  at  the  aortic  area. 

Urine  examination  and  other  laboratory  tests  were  all  essentially  negative. 

Examination  of  the  gastro-intestinal  tract  on  March  .30,  1931  showed  the  larger 
part  of  the  stomach  in  the  left  chest.  The  stomach  was  inverted  so  that  the  cardiac 
end  pointed  downward  and  the  pyloric  end  upward,  .\side  from  the  displacement 
there  was  no  organic  lesion  present  in  the  stomach  or  duodenum.  Gastric  tone  and 
peristalsis  was  normal.  Gastric  motility  was  not  delayed.  Six  hours  after  eating, 
the  stomach  was  emptj\  Observations  six,  eight  and  twenty-four  hours  after  meals 
showed  the  splenic  flexure  to  be  situated  above  the  diaphragm  and  in  the  left  chest. 
X-ray  examination  showed  the  presence  of  a  diaphragmatic  hernia,  and  operation 
was  performed  on  April  3,  1931. 

Operation  (Dr.  Harold  Xeuhof).  Thoracotomy  and  transpleural  repair  of  a 
left  traumatic,  diaphragmatic  hernia  was  performed  under  nitrous-oxide,  oxygen  and 
ether  anesthesia. 

\  long  intercostal  incision  was  made  in  the  seventh  interspace.  When  the  pleura 
was  opened,  omentum  was  noted  first  and  it  was  thought  that  the  peritoneal  cavity 
had  been  entered.  However  inspection  below  showed  that  the  exposure  was  above 
the  diaphragmatic  limits.    The  lung  was  not  seen  at  first.    The  pleural  cavity  was 
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occupied  by  stomach,  loops  of  small  intestine  with  omentum,  spleen  and  splenic 
portion  of  the  largo  intestine.  The  left  lobe  of  the  liver  was  also  in  the  chest  cavity. 
There  was  no  covering  to  these  viscera  in  the  sense  of  a  sac,  and  the  traumatic  nature 
of  the  lesion  was  thereby  confirmed.  The  stomach  and  other  viscera  were  introduced 
into  the  abdomen  without  difficulty  and  the  site  of  the  defect  thereby  exposed. 

The  defect  was  oval,  about  three  by  two  by  one  inches,  and  was  situated  directly 
to  the  left  of  the  pericardial  attachments.  It  was  situated  in  the  tendinous  part  of 
the  diaphragm,  but  the  major  portion  of  its  left  lateral  rim  was  composed  of  muscular 
tissue.  The  left  lateral  aspect  of  the  stomach  was  also  incorporated  in  the  left  lateral 
rim.  Apparentl}'  this  defect  followed  the  injury,  at  which  time  it  is  assumed 
that  a  probable  tear  in  the  wall  of  the  stomach  led  to  the  attachment  of  the  raw  area 
to  the  torn  edge  of  the  diaphragm.  Anteriorly  and  posteriorly  the  rim  was  free. 
On  the  right  lateral  aspect,  the  left  lobe  of  the  liver  was  incorporated  in  the  margins 
of  the  defect.  This,  however,  was  not  a  pathological  process  but  represented  the 
site  where  normally  extraperitoneal  liver  is  incorporated  with  the  under  surface  of 
the  diaphragm.    The  peritoneal  part  of  the  left  lobe  of  the  liver  was  normal. 

A  rim  was  present  anteriorly,  posteriorly  and  to  some  degree  laterally,  but  not 
mesially.  The  lung  was  collapsed  and  atelectatic  with  a  few  adhesions  between  the 
border  of  the  lower  lobe  and  the  edge  of  the  diaphragmatic  defect.  Similarly  there 
were  a  few  adhesions  between  the  external  aspect  of  the  pericardium  and  the  dia- 
phragmatic defect.  An  interesting  feature  was  the  rapid  aeration  of  the  atelectatic 
lung,,  except  for  a  thin  strip  at  the  inferior  portion.  Intranasal  pressure  inflation 
was  used  in  order  to  reexpand  the  lung. 

The  free  margins  of  the  defect  were  held  with  AUis  clamps,  after  the  abdominal 
contents  had  been  reduced  and  held  in  place,  .\dhesions  of  the  lung  and  the  peri- 
cardium were  severed  and  suturing  of  the  defect  was  begun  anteriorly.  This  did  not 
make  for  satisfactory  closure  and  was  discontinued.  The  few  sutures  that  had 
been  passed  were  removed,  and  suturing  was  begun  posteriorly  directly  adjacent  to 
the  esophagus.  A  few  sutures  were  placed  to  narrow  the  defect.  Incision  was  then 
made  to  free  the  gastric  attachment  so  that  sutures  could  be  passed  through  the  left 
lateral  rim  without  traversing  the  stomach.  These  svitures  were  passed  mesially 
through  the  thinned  tendinous  portion  of  the  diaphragm,  including  the  liver  sub- 
stance in  them,  and  laterally  through  the  free  margin  of  the  defect  where  the 
stomach  was  attached.    The  margins  were  approximated  without  tension. 

The  anterior  part  of  the  closure  was  very  simple,  because  the  diaphragm  was  free 
in  that  region.  Wide  grasping  of  the  mesial  portion  was  not  possible  because  of 
proximitj'  to  the  pericardium.  A  fascial  graft  for  reenforcement  would  have  been 
impossible,  inasmuch  as  its  mesial  portion  would  have  had  to  be  attached  to  the 
pericardium.  The  suture  appeared  adequate  to  close  the  defect  without  tension. 
The  lung  was  inflated.  Pericostal  sutures  of  stout  chromic  gut  were  inserted,  fol- 
lowed by  layer  closure  of  the  musculature  and  skin.  Underwater  drainage  by 
catheter  was  established  in  order  to  permit  escape  of  air  from  the  pleura. 

Postoperative  course.  Following  operation  the  temperature  ranged  between  101° 
and  102°F.  for  ten  days  and  then  returned  to  normal.  The  catheter  was  removed 
from  the  pleura  after  twenty-four  hours  and  the  wound  healed  by  primary  union. 

X-ray  examination  of  the  chest  on  April  20,  1031  showed  a  small  area  of  pneumo- 
thorax at  the  left  base  with  a  small  pleural  effusion.  X-ray  examination  of  the  gas- 
tro-intestinal  tract  on  April  24,  1931,  showed  the  stomach  to  be  situated  entirely 
below  the  diaphragm.  It  had  normal  gastric  tone  and  peristalsis.  There  was  no 
abnormality  noted  in  the  duodenal  bulb.  •  Six  hours  after  meals,  there  was  a  small 
residue  in  the  stomach.    The  small  intestine  and  colon  were  situated  normally. 

Recovery  was  uneventful.    The  patient  was  discharged  on  May  10,  1931. 

Follow-up  examination  of  the  chest  by  x-ray  examination  on  June  22, 1931,  showed  a 
thickened  pleura  at  the  left  base  with  moderate  elevation  of  the  left  diaphragm.  Since 
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the  last  examination  the  pleural  effusion  previously  noted  had  entirely  disappeared. 
Reexamination  of  the  gastro-intestinal  tract  on  July  3,  1931,  showed  the  stomach  to 
be  below  the  diaphragm  and  in  normal  position.  Gastric  tone,  peristalsis  and  mo- 
tility were  normal.    Xo  abnormality  was  noted  in  the  duodenal  bulb. 

On  December  5,  1932,  the  patient  was  again  seen  and  found  to  be  in  perfect  health, 
with  no  symptoms  relative  to  his  previous  operation.  A  report  from  his  physician 
in  May  1940,  states  that  he  is  perfectly  well,  with  the  diaphragm  in  normal  position. 

COMMENT 

A  case  of  asymptomatic  diaphragmatic  hernia  is  presented.  During  a 
routine  examination  of  a  family  suspected  of  being  tuberculous,  this  child's 
x-ray  was  interpreted  as  pulmonary  tuberculosis.  The  child  was  kept  un- 
der observation  for  this  disease  for  two  years.  Only  when  a  "fortuitous" 
chest  aspiration  revealed  gastric  contents  was  the  correct  diagnosis  made. 
Transthoracic  repair  of  the  hernia  resulted  in  a  complete  cure. 
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COMPLETE  DIVISION  OF  THE  SPERiMATIC  CORD  IX 
CONJUNCTION  WITH  INGUINAL  HERNIOPLASTY 


WILLIAM  H.  MENCHER,  M.D. 
[From  the  Siirgical  Service  of  Dr.  Harold  Xeuhof] 

The  efficacy  of  any  one  of  the  numerous  proeechires  for  hernioplasty  has 
usually  been  judged  by  the  "recurrence  rate"  of  that  procedure.  Theo- 
retically and  practically,  the  point  of  egress  of  any  stnicture  at  the  peri- 
toneal reflection  is  a  potential  somce  for  recurrence.  Moschcowitz  (1) 
stressed  this  point  in  his  monumental  monograph  on  hernia: 

"Assuming  the  theory  to  be  correct  that  the  transversalis  fascia  is  the 
sole  imjwrtant  structure  needed  to  retain  the  viscera  within  the  abdomen 
it  becomes  manifest  that  in  order  to  cure  a  hernia,  the  only  procedure 
necessary  is  to  close  the  hole  in  this  fascia.  Unfortunately  this  is  impos- 
sible in  the  majority  of  herniae  because  of  the  importance  of  blood  vessels 
which  pass  through  this  hole.  The  conclusion  follows  that  a  radical  cure 
of  the  most  frequent  forms  of  hernia,  namely,  oblique  inguinal  and  femoral, 
is  entirely  impossible  in  the  strictest  anatomical  .sense,  because  no  matter 
what  we  do,  the  hole  in  the  transversalis  fascia  through  which  the  spermatic 
or  femoral  vessels  pass,  still  remains.  We  may  dislocate  the  hole,  we  may 
make  a  new  exit  for  these  vessels  but  the  hole  is  still  there.  In  practice, 
however,  we  find  that  the  surgeon  gets  around  the  difficulty  although  he 
must  ignore  the  weak  spot  in  the  transversalis  fascia,  by  fortifying  this 
hole,  building  a  buttress  of  fascial  or  muscular  structures  in  front  of  the 
opening." 

If  this  were  so,  it  would  seem  that  with  the  spermatic  cord  out  of  the 
way,  the  recurrence  of  an  inguinal  hernia  could  be  kept  at  a  minimum. 
This  would  be  true  especially  in  those  cases  in  which  one  or  more  operations 
for  the  cure  of  the  hernia  have  been  failures.  Moschcowitz  (1)  and  others, 
however,  have  felt  that  complete  division  of  the  spermatic  cord  meant  the 
sacrifice  of  the  testis.  In  his  discussion  on  the  causes  of  failure  of  hernio- 
plasty, Moschcowitz  stated: 

"On  theoretical  grounds  no  inguinal  hernia  is  curable  unless  the  testis 
is  sacrificed;  as  long  as  an  opening  be  left  for  the  escape  of  the  spermatic 
cord  through  the  transversalis  fascia,  there  remains  a  v,eak  area  through 
which  a  recurrence  becomes  po.ssible." 

However,  the  experimental  and  clinical  evidence  gathered  and  presented 
recently  by  Neuhof  and  ^lencher  (2)  showed  that  division  of  the  entire 
spermatic  cord  between  the  internal  and  external  abdominal  rings  with 
retention  of  the  testis  does  not  necessarily  lead  to  atrophy  of  this  organ. 

149 


150 


WILLIAM  H.  MENCHER 


In  over  two-thirds  of  the  cases  reported  by  them  in  which  complete  cord 
severance  was  employed  little  or  no  atrophy  occurred.  The  blood  supply 
to  the  testis  is  adequate  because  potential  collateral  circulation  exists 
among  the  deferential,  the  internal  spermatic  and  the  cremasteric  arteries. 
This  circulation  is  present  on  each  side  of  the  scrotum  and  communicates 
with  the  same  system  on  the  other  side  through  the  scrotal  arterial  system. 

Burdick  and  Higenbotham  (3)  have  reported  cases  in  which  no  atrophy 
occurred  after  complete  severance  of  the  cord.  Their  series  as  well  as  the 
one  reported  by  the  author  (2)  are  the  only  recorded  groups  of  cases  in 
which  division  was  employed  as  part  of  the  hernia  operation.  Burdick 
and  Higenbotham  stated  that  the  "recurrence  rate"  was  11.8  per  cent  in 
the  entire  group.  The  highest  "recurrence  rate"  was  noted  in  the  group  of 
"recurrent"  hernia,  23.7  per  cent.  This  high  rate  is  .somewhat  surprising 
since  it  is  only  .slightly  smaller  than  the  rate  of  recurrence  (about  30  per 
cent)  in  those  "recurrent"  cases  in  whom  no  division  of  the  spermatic  cord 
was  done.    In  the  authors'  series,  no  recurrences  took  place  in  this  group. 

In  this  series,  the  procedure  of  complete  division  of  the  spermatic  cord 
was  carried  out  in  twenty-four  cases  as  part  of  the  hernioplastic  procedure. 


In  all  cases  di\asion  of  the  cord  was  performed  on  one  side  only.  There 
were  no  deaths.    The  types  of  hernia  are  listed  as  follows : 

cases 

Direct  inguinal  hernia   2 

Indirect  inguinal  hernia   3 

Recurrent  hernia   9 

Direct — indirect  hernia   5 

Bilateral  hernia   4 

Sliding  hernia   1 

24 


It  should  be  not«d  that  most  of  the  cases  were  of  the  older  age  group  and 
that  the  hernias  were  not  small  and  not  of  the  simple  type.  In  comparing 
the  results,  therefore,  with  those  of  other  types  of  procedures  this  point 
must  be  taken  into  con.sideration. 

Of  the  twenty-four  cases,  six  were  unavailable  for  further  observation. 
Eliminating  these  six  cases,  there  remain  for  consideration  eighteen  cases 
which  were  observed  over  a  period  varying  from  six  to  fifty-five  months. 

In  this  series,  only  two  hernias  recurred.  One  hernia  was  of  the  direct- 
indirect  type  and  the  other  was  of  the  bilateral  type  on  one  side  in  which 
division  of  the  cord  had  been  performed  on  the  same  side.  This  repre- 
sents a  recurrence  rate  of  eleven  per  cent  for  the  entire  group. 

It  is  of  interest  to  note  that  in  the  nine  ca.ses  that  had  had  previous  her- 
nioplastic procedures,  there  was  no  recurrence  following  division  of  the 
cord  and  hernioplasty.  This  is  in  sharp  contrast  to  the  results  reported  by 
Burdick  and  Higenbotham. 

This  small  series  of  cases  substantiates  the  theorj'  that  in  inguinal  hernia, 
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if  the  cord  structures  could  be  eliminated,  the  recurrence  of  hernia  should 
be  at  a  minimum  since  a  more  effective  hernioplastic  closure  and  buttressing 
of  the  abdominal  wall  is  possible. 

Indications  for  division  of  the  cord  with  hernioplasty.  The  procedure  of 
division  of  the  spermatic  cord  in  conjunction  with  hernioplasty  is  definitely 
indicated  in  the  recurrent  type  of  hernia  in  old  people.  It  is  also  indicated 
in  3'ounger  individuals  in  whom  one  or  more  previous  procedures  had  been 
failures  and  in  whom,  from  the  local  appearance  of  the  anatomical  struc- 
tures, recurrence  might  take  place  again. 

In  older  individuals  with  large  scrotal  hernias  and  with  wide  necked 
sacs,  the  procedure  should  be  considered. 

The  technique  of  severance  of  the  cord  is  simple.  Each  structure  of  the 
cord  is  tied  off  by  separate  suture  and  the  division  is  made  between  the 
internal  and  external  abdominal  rings.  Division  in  the  scrotum,  at  or 
below  the  external  ring,  may  destroy  collateral  circulation.  Careful 
aseptic  and  hemostatic  technique  is  essential  since  hematoma  or  infection 
dissecting  all  the  planes  into  the  scrotum  will  compress  the  collateral  circu- 
lation to  the  testis. 

This  procedure  should  not  be  employed  in  those  cases  in  which  malde- 
scended  testis  is  associated  with  hernia.  The  circulatory  apparatus  in 
these  cases  is  variable  and  the  presence  of  adequate  collateral  circulation 
might  be  questionable. 
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PUNCTURE  OF  THE  EXTERNAL  ILIAC  ARTERY  AND  VEIN 
DURING  INGUINAL  HERNIOPLASTY 


GABRIEL  P.  SELEY,  M.D. 

[From  the  Surgical  Service  of  Dr.  Harold  Neuhof] 

Traumatic  perforation  of  the  external  iliac  artery  and  vein  during  in- 
guinal hernioplasty  is  unusual.  The  purpose  of  this  report  is  to  present 
an  illustrative  case  and  the  immediate  management  of  the  surgical  accident. 

CASE  REPORT 

History  (Adm.  400224).  M.  S.,  a  male  patient,  20  years  old,  was  admitted  to  the 
hospital  on  October  26th,  1936  for  the  repair  of  a  right  indirect  inguinal  hernia.  His 
past  medical  and  surgical  history  was  not  significant.  For  five  years  prior  to  ad- 
mission the  patient  had  noted  a  bulge  in  the  right  groin  which  had  gradually  in- 
creased in  size  but  had  never  descended  into  the  scrotum.  The  only  complaint  was  a 
dull  ache  in  the  right  inguinal  region  which  occurred  after  physical  exertion. 

Examination.  Except  for  the  local  condition,  the  physical  examination  was 
negative.  There  was  a  hernial  mass  in  the  right  inguinal  canal  which  descended 
through  the  external  inguinal  ring  when  the  patient  strained. 

Operation.  On  October  27,  1936  a  modified  Andrews-Bassini  hernioplasty  for 
right  indirect  inguinal  hernia  was  performed  under  avertin  gas-oxygen-ether  narcosis. 
A  four  inch  right  inguinal  incision  was  made  and  the  external  oblique  aponeurosis 
was  split  in  the  direction  of  its  fibers.  A  small  indirect  sac  was  identified  and  dis- 
sected up  to  the  internal  ring  where  it  was  transfixed  with  a  suture  and  amputated. 
Repair  was  then  accomplished  by  suturing  the  external  oblique  aponeurosis  and  some 
of  the  underlying  conjoined  tendon  to  the  shelving  edge  of  Poupart's  ligament.  Two 
such  sutures  were  placed.  As  the  third  suture  was  being  placed  through  the  shelving 
edge  of  Poupart's  ligament,  active  bleeding  was  encountered.  The  suture  was 
removed  and  an  attempt  made  to  clamp  the  bleeding  vessel.  This  failed,  however, 
because  the  bleeding  came  from  beneath  Poupart's  ligament.  It  became  evident  that 
a  large  vessel  had  been  injured  because  of  the  fact  that  the  flow  of  blood  was  very 
profuse  and  could  only  be  controlled  by  digital  pressure.  After  bleeding  had  been 
checked  by  pressure,  Poupart's  ligament  was  split  at  right  angles  to  its  fibers.  The 
bleeding  was  then  seen  to  arise  from  the  external  iliac  artery.  There  was  also  addi- 
tional bleeding  from  the  external  iliac  vein.  This  was  readily  controlled  by  the  use 
of  several  fine  silk  sutures  passed  through  the  wall  of  the  vein.  A  tape  was  then 
placed  around  the  external  iliac  artery  and  the  bleeding  from  the  vessel  was  con- 
trolled in  this  manner.  Several  fine  black  silk  sutures  were  then  placed  through  the 
wall  of  the  vessel  at  the  site  of  the  small  puncture-like  perforation.  The  tape  was 
then  slowly  released  and  there  was  no  evidence  of  bleeding  from  the  previous  wound 
in  the  vessel.  The  incision  of  Poupart's  ligament  was  closed  and  several  Bassini 
sutures  were  used  to  approximate  the  external  oblique  aponeurosis  and  the  con- 
joined tendon  to  the  shelving  edge  of  the  inguinal  ligament.  An  overlap  suture  was 
then  passed,  the  spermatic  cord  transplanted  subcutaneously,  and  the  skin  was 

152 


PUNCTURE  OF  EXTERNAL  ILIAC  ARTERY 


153 


closed  with  pincettes.  When  digital  pressure  was  niaintained  on  the  bleeding  arterj', 
the  dorsalis  pedis  and  posterior  tibial  vessels  did  not  pulsate  and  the  foot  and  leg 
on  that  side  assumed  a  dusky  hue.  Shortly  after  the  external  iliac  artery  had  been 
sutured  and  the  tape  had  been  removed,  pulsations  in  both  the  dorsalis  pedis  and 
posterior  tibial  vessels  reappeared  and  the  color  of  the  limb  appeared  to  improve. 

Postoperatire  course.  About  eight  hours  after  operation,  the  right  foot  was  dusky 
and  the  peripheral  j)ulscs  were  feeble  on  the  affected  side.  On  the  following  day  the 
right  foot  was  normal  in  color  and  felt  warm,  Kxccllent  pulsations  were  present  in 
the  dorsalis  pedis  and  posterior  tibial  arteries.  .\  hematoma  was  evacuated  on  the 
fourth  postoperative  daj',  following  which  there  develped  a  mild  wound  infection. 
The  wound  was  packed  down  to  the  fascia  with  iodoform  gauze  and  the  infection 


Fig.  1.  Infra-red  photograph  of  right  inguinal  region 

readily  controlled  in  this  manner.  \t  the  time  of  discharge  from  the  hospital  on 
November  18,  1936  (22  days  after  operation),  the  inguinal  wound  was  healed  and 
examination  of  the  right  lower  extremity  was  entirely  negative. 

Follow-up.  On  March  2,  1937  (5  months  after  operation),  the  patient  presented 
himself  at  the  clinic.  He  complained  of  slight  swelling  of  the  right  leg  after  walking. 
Excellent  arterial  pulsations  were  present  throughout  the  right  lower  extremity. 
The  circumference  of  the  right  leg  and  thigli  was  one  inch  greater  than  the  opposite 
side.  The  wound  was  solidly  healed.  When  the  patient  was  seen  on  subsequent 
follow-up  visits  in  September  1937,  December  1937,  and  November  1938  (2  years 
postoperatively),  his  subjective  complaints  were  the  same,  but  his  physical  examina- 
tion remained  essentially  negative.  At  his  last  follow-up  examination  in  February 
1940  (3  years  and  3  months  after  operation)  he  still  complained  of  slight  swelling  of 
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the  right  leg  and  foot.    Measurements  and  oscillometric  readings  made  at  this  time 

were  as  follows: 


INCHES 

OSCILLATION8 

Thigh 

Right  

21.5 

4-5 

Left  

20 

5-6 

Calf 

Right  

15.5 

3-4 

Left  

14.5 

2-3 

There  was  no  edema  of  either  the  right  leg,  ankle  or  foot.  In  the  region  of  the  right 
inguinal  scar,  which  was  firm,  there  was  a  rather  extensive  dilatation  of  the  super- 
ficial veins.  No  bruit  could  be  felt  or  heard.  The  extent  and  distribution  of  these 
dilated  veins  is  illustrated  (fig.  1). 


DISCUSSION 

The  course  and  relations  of  the  external  Uiac  artery  are  as  follows:  "The 
external  iliac  artery  extends  from  a  point  opposite  the  sacro-iliac  joint, 
at  the  level  of  the  lumbo-sacral  articulation,  to  a  point  below  the  ingukial 
ligament  (Poupart's),  midway  between  the  anterior  superior  spine  of  the 
ilium  and  the  symphysis  pubis,  where  it  becomes  the  femoral  artery"  (1). 
The  two  main  J^ranches  are  the  inferior  epigastric  and  deep  circumflex 
iliac  artery  both  of  which  arise  just  above  the  inguinal  ligament.  The 
opportunity  for  injuring  the  external  iliac  artery  and  its  accompan\Tng 
vein  (which  lies  to  its  medial  side)  occurs  when  Bassini  sutures  are  passed 
through  the  mid-portion  of  the  shelving  edge  of  Poupart's  ligament.  In 
\  iew  of  the  proximit}-  of  these  large  vessels,  it  is  surprising  that  they  are  not 
injured  more  frequently.  Good  visuahzation  and  the  use  of  non-cutting 
needles  are  both  important  in  preventing  this  accident.  Whenever  exces- 
si^  e  arterial  bleeding  occurs  while  the  sutures  are  being  passed  through  the 
mguinal  ligament,  perforation  of  the  external  iliac  artery  should  be  sus- 
pected. Prompt  division  of  Poupart's  Ugament  at  right  angles  to  its  fibers 
is  indicated  in  order  to  control  bleedmg  and  to  preserve  the  blood  supply  to 
the  affected  limb.  After  hemostasis  has  been  accomplished  by  arterial 
suture,  reconstmction  of  the  inguinal  ligament  will  result  in  a  satisfactory 
anchorage  for  the  Bas.sini  sutures.  The  division  of  Poupart's  ligament 
should  in  no  way  influence  the  final  plastic  result. 

SUMMARY 

The  case  reported  here  illustrates  in  detail  a  punctured  wound  of  the 
external  iliac  arterv  and  vein  during  an  inguinal  hernioplasty.  A  brief 
resume  of  the  regional  anatomy  is  given.  Suggestions  are  made  concern- 
ing the  prevention,  recognition  and  immediate  care  of  this  condition. 
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Although  inguinal  hernias  of  the  indirect  type  are  commonly  seen  in 
women,  those  of  the  direct  variety  are  encountered  but  rarely.  Several 
surgeons  of  long  experience  admit  ha\'ing  never  seen  a  direct  inguinal 
hernia  in  the  female  while  most  of  the  surgical  textbooks  consider  the 
condition  so  much  of  a  rarity  as  to  dismiss  the  subject  with  mere  passing 
mention.  Stone,  for  example,  in  his  article  on  Hernia  in  Lewis'  System 
of  Surgery  (12)  fails  even  to  mention  the  occurrence  of  direct  hernia  in 
women,  while  Homans  (1)  claims  that  direct  hernia  exists  only  in  the  male. 
Murray  in  his  textbook,  published  in  1910  (11),  stated  that  "inguinal 
hernia  in  the  female  is  almost  always  of  the  oblique  variety.  I  have 
never,"  quoted  ^Murray,  "seen  a  direct  inguinal  hernia  in  a  woman." 
Erdman  (2)  states  that  for  all  practical  purposes  direct  hernia  ma.y  be  said 
to  occur  only  in  the  adult  male,  for  less  than  1  per  cent  of  all  direct  hernias 
occur  in  women.  Andrews  and  Bissell  (3)  excluded  women  entireh'  from 
their  discussion  of  direct  hernia  because  "its  rarity  in  them  is  extreme." 
Christopher  (13)  similarly  disposes  of  this  subject  with  the  statement  that 
"direct  hernia  is  practically  unknown  in  the  female." 

Recently,  in  the  private  practice  of  the  senior  author  (H.  N.),  a  woman 
was  operated  upon  for  the  purpose  of  repairing  a  suspected  indirect  inguinal 
hernia,  but  a  hernia  of  the  direct  t>-pe  was  found  instead.  The  rarity  of 
this  condition  was  remarked  upon  and  the  ensuing  discussion  led  to  an 
investigation  of  the  subject. 

The  common  occiurence  of  indirect,  or  ol)li(jue,  inguinal  hernia  is  under- 
standable w^hen  we  consider  that  a  ready-made  cleft  in  the  abdominal  wall 
alreadj'  exists  in  the  male  due  to  the  passage  of  the  spermatic  cord  from  the 
abdominal  ca\'ity  into  the  scrotum  and,  in  the  female,  to  the  analogously 
situated  round  ligament  of  the  uterus.  In  addition  the  precursor  of  a 
hernial  sac  is  already  present  in  fetal  life  as  a  peritoneal  pocket,  the  so- 
called  vaginal  process.  Xormally,  this  process  is  entirely  obliterated 
before  birth  (except  for  that  portion  which  becomes  the  tunica  vaginalis 
testis),  but  varying  portions  of  this  peritoneal  pocket  may  persist  into  the 
post-natal  period  to  pi-o\  ide  a  potential  hernial  sac. 

Direct  hernia,  on  the  other  hand,  does  not  owe  its  existence  to  any 
preformed  breach  in  the  abdominal  wall.  It  makes  its  appearance  when  a 
relatively  weakened  or  unprotected  i)ortion  of  the  abdominal  wall  gives 
way  before  the  pressure  of  the  intra-abdominal  contents.    Thus  it  is 
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generally  taught  that  direct  inguinal  hernias  tend  to  occur  in  middle-aged 
men  whose  abdominal  muscles  and  fascial  structures  have  gradually  become 
weakened  and  thinned  out  by  a  lifetime  of  physical  labor;  and  we  are  also 
told  that  additional  factors,  such  as  prostatic  urinary  obstruction  and 
chronic  constipation,  hasten  the  development  of  this  type  of  hernia  by 
tending  to  increase  the  intra-abdominal  pressure  (1).  Malnutrition,  too, 
favors  its  development.  That  these  factors  do  not  tell  the  entire  story  is 
evident,  however,  from  the  fact  that  direct  hernias  are  practically  never 
seen  in  ill-nourished  and  hard-working  women  who  theoi-etically  possess 


Fig.  1.  Schematic  representation  of  Hesselbach's  Triangle  (shaded  area)  showing 
its  boundaries  and  the  relative  positions  of  both  inguinal  rings. 

R.A.,  rectus  abdominis  muscle;  P.L.,  Poupart's  ligament;  E.V.,  deep  epigastric 
vessels;  I.I.R.,  internal  inguinal  ring;  E.I.R.,  external  inguinal  ring;  H.T.,  Hessel- 
bach's Triangle;  S.A.,  superior  anterior  iliac  spine. 

the  necessary  requirements  for  the  establishment  of  this  type  of  hernia, 
and  from  the  additional  fact  that  they  are  not  infrequently  seen  in  j'^oung 
men  who  have  ne^'er  worked  hard,  who  are  well-nourished,  and  who  have 
good  abdominal  musculatvu'e.  It  is  apparent  that  other  factors  must  be 
taken  into  account  in  evaluating  the  causes  for  direct  inguinal  hernia  and 
in  explaining  its  rarity  in  the  female. 

Anatomically,  the  site  of  occurrence  of  a  direct  inguinal  hernia  is  in 
Hesselbach's  triangle,  immediately  behind  the  external  inguinal  ring, 
where  the  abdominal  wall  lacks  the  strong  muscular  and  fascial  support 
it  has  elsewhere  (3)  (fig.  1).    Because  of  its  lack  of  support  this  area  is 
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known  as  the  "undefended  space."  It  is  bounded  medially  by  the  edge  of 
the  rectus  muscle,  laterally  by  the  epigastric  vessels  as  they  course  upward 
from  the  external  iliac  vessels,  and  inferiorly  by  Poupart's  ligament.  The 
entire  thickness  of  the  abdominal  wall  in  this  area  is  made  up  of  the  skin, 
subcutaneous  tissue,  transversalis  fascia  and  peritoneum.  The  support 
rendered  elsewhere  by  the  internal  oblique  and  transverse  abdominal 
muscles  is  lacking  here,  and  the  external  oblique  aponeurosis  is  defective 
as  well  because  of  the  separation  of  its  fibers  to  form  the  external  inguinal 
ring. 

Several  theories  have  been  advanced  hi  an  attempt  to  shed  some  light 
on  the  causation  of  direct  inguinal  hernia  and  to  explain  the  difference  in 
frequency  of  its  occurrence  in  the  two  sexes. 

1 .  Cloquet  suggested  that  the  transversalis  fascia  in  Hesselbach's  triangle 
was  weakened  in  antenatal  life  by  the  passage  through  it  of  properitoneal 
fat  which  accompanied  the  penetrating  blood  ^-essels  (4).  This,  however, 
would  not  explain  the  rarity  of  direct  hernias  in  women  for  there  is  no 
evidence  that  the  number  of  blood  vessels  or  the  quantity  of  properitoneal 
fat  in  women  is  anj-  less  than  in  men.  The  reverse  would  seem  more 
likely. 

2.  Erdman  (2)  states  that  an  inijjortant  factor  in  determining  the  sex 
difference  may  be  the  wider  external  inguinal  rings  found  in  men.  He 
states  that  these  rings  were  found  pathologically  widened  in  2.2  per  cent 
of  the  more  than  two  million  men  drafted  during  the  World  War.  Women, 
he  maintains,  generally  have  small  external  rmgs.  The  importance  of 
this  factor  is  apparent  when  we  realize  that  the  larger  the  size  of  the  ex- 
ternal ring  the  greater  will  be  the  area  in  Hesselbach's  triangle  left  un- 
covered and  unprotected  by  the  external  oblique  aponeurosis. 

3.  The  cremaster  muscle  in  men  may,  by  exerting  traction,  weaken  the 
lower  fibers  of  the  internal  oblique  muscle,  from  which  it  springs,  and 
concomitantly  lessen  the  support  which  that  muscle  renders  in  buttressing 
Hesselbach's  triangle. 

4.  Another  important  etiological  factor,  suggested  hy  Fallis  (5),  may  be 
the  relatively  narrower  rectus  muscle  belh'  found  in  subjects  with  direct 
hernia  as  compared  with  normal  controls.  The  point  is  made  here  that 
since  the  reetus  margin  forms  the  medial  boundary  of  the  "undefended 
space,"  the  narrower  the  muscle  belly  the  greater  will  be  the  area  of  this 
space. 

Let  us  now  examine  brieflj-  the  v  arious  structures  which  are  encountered 
in  the  vicinity  of  a  direct  inguinal  hernia  to  see  whether  we  can  define  the 
role  each  ma}-  pla\'  in  its  etiology  as  well  as  in  determining  its  apparent 
sex-linkage. 

Transversalis  fascia.  This  is  a  fibroaponeurotic  structure  which  lies 
immediately  external  to  the  parietal  peritoneum  and  forms  the  first  line  of 
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defense  against  the  formation  of  a  direct  inguinal  hernia.  It  is  mechan- 
ically weakest  in  the  midportion  of  Hesselbach's  triangle,  where  direct 
hernia  normally  occurs  (2),  but  its  intrinsic  structure  fails  to  reveal  any 
differences  in  the  two  sexes. 

It  is  pertinent  at  this  time  to  mention  a  type  of  hernia  which  occurs 
in  Hesselbach's  triangle  through  a  sharply  circumscribed  weakness  or 
defect  in  the  transversalis  fascia,  and  which  we  may  best  term  a  "pseudo- 
direct"  inguinal  hernia,  or  a  diverticulum  through  the  transversalis  fascia 
(3).  Although  this  hernia  emerges  medially  to  the  epigastric  vessels  and 
is  therefore  a  direct  hernia  by  definition,  its  anatomical  features  differen- 
tiate it  from  the  ordinary  direct  hernia  as  we  are  now  considering  it.  In 
the  former,  "pseudo,"  hernia  the  fascial  margins  are  sharp  and  firm  and 
the  tranversalis  fascia  is  everywhere  else  strong  and  intact,  whereas  in  the 
ordinary  direct  hernia  the  entire  transversalis  fascia  in  that  vicinity  is 
diffusely  weakened  so  that  no  distinct  fascial  margins  are  apparent.  Be- 
cause of  this  the  "diverticular"  hernia  frequently  tends  to  strangulate,  a 
cu'cumstance  which  practically  never  occurs  with  the  classical  type  of 
direct  hernia. 

Conjoined  tendon.  This  is  the  name  applied  to  the  fused  medial  ends 
of  the  transversus  abdominis  and  internal  oblique  muscles  but,  despite  its 
name,  this  structure  is  not  always  tendinous.  The  two  muscles  which 
give  rise  to  this  tendon  take  origin  from  the  lateral  half  of  Poupart's  liga- 
ment, just  above  the  region  of  the  internal  inguinal  ring,  and  arch  medially 
to  insert,  as  a  tendinous  structure,  behind  the  external  inguinal  ring  into 
the  pubic  crest  and  ilio-pectineal  line  anteriorly  to  the  rectus  sheath  (6). 
Ideally,  therefore,  the  conjoined  tendon  should  act  as  a  buttress  against 
the  "undefended"  portion  of  the  abdominal  wall  and  prevent  the  forma- 
tion of  a  direct  hernia.  In  addition  the  contraction  of  the  combined 
internal  oblique  and  transversus  abdominis  muscles  should  serve  to  approx- 
imate their  lower  edge  to  Poupart's  ligament,  thus  serving  the  purpose  of  a 
sphincter  and  closing  any  potential  weak  spot  in  that  area  (3).  This  is 
the  case  in  rodents  and  other  animals  with  retractable  testes  in  which  the 
sphincter  mechanism  is  very  active  (11). 

Actually,  however,  the  conjoined  tendon  is  not  always  the  supporting 
structure  it  should  be.  Ochsner  (7)  states  that  in  certain  individuals, 
especially  those  with  direct  hernia,  it  fails  to  cover  completely  the  posterior 
wall  of  the  inguinal  canal;  as  a  result,  no  supportmg  layer  is  found  in  the 
angle  between  Poupart's  ligament  and  the  rectus  abdominis  muscle.  In 
others  the  conjoined  tendon  is  poorly  developed  and  is  represented  merely 
b}^  a  thinned-out  aponeurotic  sheet  of  tissue  (3).  In  all  such  individuals, 
obviously,  the  tendency  to  hernia  is  greater  than  in  those  in  whom  a  strong 
tendinous  support  exists.  .  Finally  there  are  many  individuals  in  whom  the 
tendinous  insertion  is  entirelj'  absent;  this  condition  is  stated  by  Blood- 
good  to  be  present  in  approximately  5  per  cent  of  the  population  (8).  In 
this  condition  the  muscles  have  iTormal  origin  from  Poupart's  ligament. 


DIRECT  HERNIA  IN  THE  FEMALE 


159 


but  instead  of  arching  medially  to  insert  into  the  pubic  bone,  they  continue 
as  muscular  structures  to  insert  at  varying  distances  above  the  pubis  into 
the  lateral  margin  of  the  rectus  sheath.  Fallis  (5)  noted  that  this  condi- 
tion obtained  particularly  in  people  with  direct  hernias. 

Polya  (4)  made  many  measurements  in  people  with  direct  hernias,  as 
well  as  in  normal  controls,  and  fovmd  that  whereas  in  the  control  group 
the  distance  upward  from  the  pubic  tubercle  to  the  insertion  of  the  con- 
joined tendon  into  the  rectus  sheath  practically  never  exceeded  3  cm.,  in 
people  with  direct  hernias  this  distance  varied  from  a  minimum  of  3  cm. 
up  to  7  cm.  Andrews  and  Bissell  (3)  made  similar  measurements  and 
verified  this  observation,  and  Partipilo  (8)  pursued  this  a  step  further  in 
stating  that  direct  hernias  may  be  due  primarily  to  this  high  insertion  of 


Fig.  2.  Sketch  showing  how  the  high  insertion  of  the  combined  internal  oblique 
and  transversus  abdominis  muscles  into  the  rectus  sheath  creates  a  large,  undefended, 
"inguinal  triangle,"  as  compared  with  a  relatively  normal  case. 

A  shows  normal  insertion  of  conjoined  tendon.  B  shows  high  insertion  into  rectus 
sheath. 

R.A.,  rectus  abdominis  muscle;  CM.,  combined  internal  oblique  and  transversus 
abdominis  muscles;  P.L.,  Poupart's  ligament;  U.S.,  undefended  space;  I.T.,  inguinal 
triangle:  S.A.,  superior  anterior  iliac  spine. 

the  conjoined  tendon  into  the  rectus  sheath.  Erdman  (2)  maintains  that 
in  50  per  cent  of  all  people  with  direct  hernias  the  conjoined  tendons  are 
either  defective  or  insert  high  in  the  lateral  margin  of  the  rectus  sheath. 
In  fact,  in  many  cases  of  direct  hernia,  Erdman  states  that  a  conjoined 
tendon  as  .such  cannot  be  recognized  at  all,  and  the  hernial  sac  presents 
itself  below  the  edge  of  the  combined  muscle  bellies. 

The  in.sertion  of  the  combined  muscles  high  into  the  rectus  sheath  creates 
an  "inguinal  triangle"  which  is  bounded  superiorly  by  the  fused  muscle 
margins,  inferiorly  by  Poupart's  ligament  and  medially  by  the  margin  of 
the  rectus  sheath  (fig.  2).  This  inguinal  triangle,  according  to  Andrews 
and  Bissell  (3),  is  more  important  than  Hesselbach's  triangle,  for  it  is 
specifically  this  area  which  represents  the  actual  extent  of  weakness  of  the 
anterior  abdominal  wall  and  which  limits  the  size  of  a  direct  inguinal  hernia. 


A 


B 
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It  is  a  wide  unsupported  area  where  only  the  peritoneum  and  transvei-salis 
fascia  separate  the  skin  from  the  intra-abdominal  contents. 

It  is  thus  apparent  that  the  conjoined  tendon  is  regarded  by  many- 
observers  as  an  important  factor  in  the  protection  of  the  lower  al)dominal 
wall  since  its  absence  or  structural  deficiency  is  e\'ident,  in  a  large  per- 
centage of  cases  of  direct  inguinal  hernia. 

Poupart's  ligament  and  the  bony  pelvis.  In  lower  animals,  in  which  direct 
hernias  are  extremely  rare,  Poupart's  ligament  usuallj'^  runs  much  more 
nearly  parallel  to  the  lateral  margin  of  the  rectus  muscle  than  it  does  in 
man  with  the  result  that  the  space  between  the  two  Ls  veiy  narrow  (3). 
In  man,  because  of  the  divergent  course  of  these  two  structures,  the 
aperture  between  them  is  wider,  resulting  in  greater  opportunity  for  hernial 
protrusion. 

The  interesting  observation  has  been  made  by  Harris  and  White  (9) 
that  the  type  of  hernia  present,  whether  direct  or  indirect,  can  be  corre- 
lated with  the  length  of  the  inguinal  ligament.  Briefly,  Harris  and  White 
state  that  people  with  indirect  inguinal  hernias  invariablj'  have  inguinal 
Ugaments  shorter  than  15  cm.,  whereas  people  with  direct  hernias  prac- 
tically always  have  ligaments  which  are  longer  than  15  cm.  This  distance 
is  measured  from  the  pubic  tubercle  to  the  inner  side  of  the  antexior  superior 
ihac  spine.  People  who  have  mixed  hernias,  of  the  direct-indirect,  or 
"saddle"  variety,  have  inguinal  ligaments  which  measure  close  to  15  cm. 
with  but  slight  variation  one  way  'or  the  other.  Using  these  data  Harris 
and  White  maintain  that  in  a  given  indi^'idual  with  inguinal  hernia,  the 
longer  that  person's  mguinal  ligament  the  greater  is  the  probability  that 
his  hernia  is  of  the  direct  type. 

This  isolated  observation  would  mean  little  were  it  not  for  the  additional 
fact  that  the  longer  the  inguinal  ligament  the  sharper  is  the  angle  which  it 
makes  with  the  vertical  (9).  Thus,  the  longer  inguinal  ligaments,  such  as 
are  associated  with  direct  hernia,  are  found  in  the  deeper  peh'es  while  the 
shorter  inguinal  ligaments  are  found  in  the  shallower,  wider  pelves.  Since, 
however,  the  typical  female  pelvis  is  shallow  and  wide  (10)  while  the 
tj' pical  male  pelvis  is  steep  and  narrow  it  would  seem  to  fit  in  well  with  the 
observations  of  Harris  and  A\Tiite  that  direct  hernias,  which  are  rare  in 
people  with  wide  pelves,  are  rare  in  women,  and,  conversely,  occur  pre- 
dominantly in  people  with  the  narrower,  male-tj'pe  pelves,  as  in  men. 

Harris  and  White  also  point  out  that  in  the  deeper  pelves  the  pelvic 
floor  is  relatively  more  inclined  toward  the  midline,  and  hence  toward  the 
apex  of  the  angle  formed  by  the  rectus  muscle  and  the  inguinal  ligament. 
It  is  in  this  region  that  the  abdominal  wall,  being  at  the  bottom  of  an 
inclined  plane  and  covering  the  most  dependent  portion  of  the  abdominal 
cavity,  bears  the  brunt  of  intra-abdominal  pressure.  We  have  ali-eady 
mentioned,  however,  that  in  this  area  there  also  exists  a  relative  weakness 
of  the  abdominal  wall,  the  so-called  "undefended  space."  Therefore,  the 
combination  here  of  the  heightened  effect  of  intra-abdominal  pressure 
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caused  by  the  steep  pelvic  inclination  together  with  the  relative  weakness 
of  the  abdominal  wall  at  this  point  certainly  seem  to  predispose  to  the 
formation  of  direct  inguinal  hernia.  In  people  with  shorter  inguinal 
ligaments  and  with  flatter,  shallower,  pelves,  as  in  the  typical  female  or 
"gynecoid"  pelvis  (10),  the  pelvic  floor  is  only  slightl}'  inclined  toward  the 
midline,  and  therefore,  the  intra-abdominal  pressure  is  more  evenly  dis- 
tributed against  the  anterior  abdominal  wall,  with  less  tendency  to  hernia 
formation. 

There  is  one  additional  feature  which  is  not  mentioned  in  the  literature 
but  which  we  suggest  as  being  of  possible  importance  in  the  etiology  of 
direct  hernia  and  in  its  sex-linkage.  By  reference  to  figure  3  it  becomes 
apparent  that  in  the  steep,  male-type  pelves,  the  combined  internal  oblique 


A  .     .  ^ 

Fig.  3.  Diagram  showing  how  variations  in  pelvic  type  influence  the  size  of  the 
inguinal  triangle  (X). 

A:  Male-type  pelvis,  with  steep  angle  between  Poupart's  ligament  and  rectus 
muscle,  showing  high  insertion  of  combined  muscles  into  the  lateral  margin  of  the 
rectus  sheath.    Note  the  large,  narrow  inguinal  triangle. 

B:  Female-type  pelvis,  showing  more  obtuse  angle  between  Poupart's  ligament 
and  the  rectus  muscle,  with  the  concomitantly  lower  insertion  of  the  combined 
muscles  into  the  rectus  sheath.    Note  the  smaller  inguinal  triangle. 

Other  symbols  are  as  in  previous  figures. 

and  transversus  abdominis  muscles  originate  from  Poupart's  ligament  at  a 
relatively  greater  distance  from  the  pubic  tubercle  than  in  the  flatter, 
female-type  pelves.  Since  these  muscle  fibers  run  transversely  they  would 
therefore  tend  to  insert  into  the  margin  of  the  rectus  sheath  at  a  relatively 
greater  height  above  the  pubis  in  those  with  steeper  pelves  than  in  the 
others.  Thus,  in  people  with  deeply  inclined  pelves,  not  only  does  the 
undefended  space  bear  the  brunt  of  the  intra-abdominal  pres.sure  because 
of  its  low  position  at  the  bottom  of  an  incline,  but  the  conjoined  tendon  in 
these  cases  inserts  into  the  rectus  sheath  at  a  relatively  high  level  and  thus 
fails  to  lend  its  support  to  the  abdominal  wall  in  that  region.  Both  these 
factors  combine  to  favor  the  formation  of  a  hernia  through  the  undefended 
space. 
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We  may,  therefore,  reasonably  conclude  that  the  shape  of  the  pelvis, 
particularly  in  regard  to  its  steepness  or  flatness.  Is  of  paramount  impor- 
tance in  determining  susceptibility  or  immunit}'  to  the  formation  of  a 
direct  inguinal  hernia.  Since  pelvis  type  is  intimately  related  to  the  sex 
of  the  individual,  flatter  pelves  being  more  common  in  women  and  steeper 
pelves  more  frequent  in  men,  this  may  help  explain  the  predominant 
occurrence  of  direct  hernia  in  men  and  its  relative  rarity  in  women. 

SUMMARY 

Because  of  the  rarity  of  direct  inguinal  hernia  in  the  female  a  studj'  was 
made  to  try  to  determine  what  factors  were  at  play  in  favoring  the  occur- 
rence of  this  type  of  hernia  in  the  male. 

A  brief  anatomical  description  of  the  area  involved  is  given  together  with 
a  short  discussion  of  the  roles  played  by  the  various  pertinent  anatomical 
structures. 

CONCLTTSIONS 

We  believe  that  the  most  important  factor  in  determining  the  suscep- 
tibility or  immunity  of  an  individual  to  the  formation  of  a  direct  inguinal 
hernia  is  the  type  of  pelvis  which  that  indi\'idual  pos.sesses.  The  presence 
of  a  narrow,  steep  pelvis,  the  so-called  masculine  or  android  type  (10), 
favors  the  formation  of  direct  hernia  because  it  projects  the  force  of  intra- 
abdominal pressure  against  the  "undefended  space"  in  the  lowest  part  of 
the  anterior  abdominal  wall.  The  flatter,  female-t^^pe,  pelvis  favors  a 
more  equitable  distribution  of  intra-abdominal  pressure  against  the  lowest 
portion  of  the  anterior  abdominal  wall,  and  so  prevents  the  brunt  of  pres- 
sure from  falling  on  Hesselbach's  triangle. 

The  conjoined  tendon  in  the  steeper  pelves  inserts  high  in  the  lateral 
margin  of  the  rectus  sheath  and  so  fails  to  lend  its  support  to  the  "unde- 
fended space,"  while  in  the  shallower,  flatter  pelves  the  conjoined  tendon 
inserts  relativelj-  lower,  usually  into  the  pubic  tubercle,  and  thus  helps  to 
protect  this  area. 

The  fact  that  oblique  or  narrow  pelves  are  characteristic  of  the  male  while 
the  flatter  pelves  occur  generally  in  the  female  explains  why  direct  inguinal 
hernias  are  practicalh^  confined  to  the  male  sex. 
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HERNIA  IN  THE  LINEA  SEMILUNARIS 


IRVING  A.  SAROT,  M.D, 
[From  the  Surgical  Service  of  Dr.  Harold  Neuhof] 

Spontaneous  lateral  ventral  hernia  occurs  infrequently.  When  it  occurs, 
however,  the  most  frequent  variety  is  hernia  in  the  linea  semilunaris,  first 
described  by  La  (jhausse  in  1721.  Barthelemy  (1),  in  1919  could  collect 
from  the  literature  only  twenty-three  cases  including  one  of  his  own  but 
since  then  much  work  has  been  done  on  this  subject,  and  at  present  there 
are  ninety-two  reported  cases.  Because  these  cases  apparently  constitute 
a  definite  clinical  entity,  another  case  is  reported  which  occurred  recently'. 

CASE  REPORT 

History  (Adm.  377061).  The  patient  was  a  58  year  old  man,  a  private  patient  of 
Dr.  Harold  Neuhof.  For  twenty  years  he  had  had  occasional  attacks  of  dull,  right 
lower  quadrant  pain,  which  was  vague  and  not  very  severe,  except  on  one  occsision 
about  five  years  before  admission,  at  which  time  the  diagnosis  of  acute  appendicitis 
had  been  made.  The  attacks  of  pain  had  usually  subsided  rapidly  and  spontane- 
ously. On  admission  he  complained  of  constant,  dull,  crampy  pain  for  twenty  hours, 
well  localized  to  the  right  lower  quadrant.  He  had  experienced  no  other  symptoms, 
and  was  afebrile. 

Examination.  The  abdominal  wall  was  entirely  relaxed,  and  there  was  moderate 
tenderness  in  the  right  lower  quadrant,  maximal  at  McBurney's  point.  An  indefi- 
nite, slightly  tender  mass  was  felt  in  the  region  of  McBurney's  point  on  light  palpa- 
tion; but  on  deep  pressure  the  abdominal  muscles  became  spastic  and  the  mass 
could  not  be  felt.  Rectal  examination  was  negative.  The  history,  the  mass  without 
fever,  and  the  presence  of  a  mass  so  soon  after  the  onset  of  symptoms  could  not  be 
fitted  into  the  clinical  picture  of  appendicitis.  Nevertheless,  it  was  decided  to  per- 
form a  laparotomy. 

Operation.  When  the  patient  was  under  anesthesia,  a  rounded  mass,  three  by  two 
centimeters,  was  felt  in  the  abdominal  wall  at  McBurney's  point.  A  McBurney 
incision  was  made  and  when  the  external  oblique  aponeurosis  was  split  a  tense  sac, 
about  six  by  four  centimeters,  was  exposed.  The  contents  were  seen  to  be  moving  freely 
within  the  thin  peritoneal  membrane.  The  sac  had  a  narrow  neck  projecting  through 
a  defect  of  the  tendinous  junction  between  the  internal  oblique  and  the  rectus  sheath. 
When  the  peritoneal  sac  was  split  upward  and  medially,  it  was  seen  to  contain  two 
small  elongated  pads  of  fat,  each  on  a  long  thin  fibrous  pedicle,  apparently  arising 
from  the  omentum.  These  were  amputated,  and  the  appendix,  free  from  any  evi- 
dence of  infection  was  delivered  through  the  hernial  sac  and  removed.  The  sac  was 
ligated  and  amputated,  and  the  fascial  defect  closed  by  overlapping  the  edges. 
Postoperative  recovery  was  without  significant  features. 

DISCUSSION 

Hernia  in  the  linea  semilunaris,  medial  to  the  deep  epigastric  artery,  is 
usually  classed  with  direct  inguinal  hernia.    Hernia  lateral  to  the  deep 
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epigastric  artery,  tlie  one  with  which  we  are  concerned,  rarely  occurs  above 
the  umbilicus  and  most  frequently  appears  in  the  zone  near  the  level  of  the 
semilunar  fold  of  Douglas.  The  hernia  may  be  situated  at  the  weak  point 
of  the  semilunar  fold  of  Douglas  where  the  posterior  rectus  sheath  is  defi- 
cient; but  the  sac  may  protrude  through  small  actual  defects  of  the  linea 
semilunaris.  Koljubakin,  reporting  eight  cases  and  studies  on  thirty 
cadavers  of  various  ages,  found  that  the  protrusions  usuallj^  occurred 
where  the  blood  vessels  pierced  the  aponeurosis  of  the  transverse  abdominal 
muscles.  This  is  an  exceedingly  interesting  substantiation  of  the  point 
of  view  held  by  ]\Ioschcowitz  that  hernia  regularly  occurs  at  the  site  of 
perforation  of  vessels.  Costa  collected  from  the  literature  the  research 
of  several  workers,  including  Koljubakin  (3),  on  sixty-five  cadavers  and 
found  that  45  per  cent  presented  uni-  or  bilateral  lacunae  in  the  linea 
spigelia  (linea  semilunaris)  from  3  mm.  to  37  mm.  in  diameter,  always 
associated  with  some  nerve  or  blood  vessel  piercing  the  fascia.  He  felt 
that  these  lacunae  offered  zones  of  lessened  resistance  to  strain.  Koljubakin 
and  others  stressed  the  fact  that  properitoneal  lipomata  were  frequently 
found  in  this  region  and  were  even  more  frequenth'  found  in  front  of  the 
protruding  hernial  sac.  These  workers  felt  that  sudden  severe  strain 
might  cause  a  propulsion  of  such  lipomata  through  the  fascial  defects 
existing  in  the  course  of  perforating  blood  vessels  and  nerves. 

In  rare  instances  a  hernia  in  the  linea  semilunaris  may  have  more  than 
one  opening  through  the  aponeurosis.  There  is  always  a  hernial  sac,  even 
to  the  size  of  a  small  orange  in  one  case.  Very  frequently  a  properitoneal 
lipoma  has  been  found  in  association  with  the  sac  and  indeed,  in  many  cases 
a  lipoma  has  constituted  the  greater  part  of  the  mass.  The  sac  has  con- 
tained omentum  or  small  intestine  in  most  instances.  A  case  in  which  the 
sac  contained  a  Meckel's  diverticulum  has  been  reported  by  Massabuau 
(7) .  Because  of  the  narrowness  of  the  neck  of  the  sac  and  its  distensibility 
with  increased  intra-abdominal  pressure,  strangulation  of  the  contents  is  a 
frequent  complication.  These  hernias  are  usually  interstitial,  situated 
beneath  the  external  oblique  aponeurosis  and  in  front  of  the  transversalis 
fascia.    In  rare  instances  a  portion  of  the  hernia  may  even  be  subcutaneous. 

Because  of  the  small  size  of  these  hernias  and  because  of  their  deep  inter- 
stitial location  diagnosis  is  difficult.  From  a  study  of  the  reported  cases 
the  conclusion  can  be  drawn  that  the  diagnosis  usually  was  made  when 
symptoms  appeared  due  to  incarceration  and  possibly  strangulation  of 
contained  intestine  or  omentum,  and  even  then  only  when  a  mass  was 
visible  or  palpable  in  the  region  of  the  linea  semilunaris.  Frequently, 
however,  there  was  only  a  localized  point  of  tenderness  and  the  interstitial 
mass  was  not  palpable.  In  many  cases  the  picture  resembled  that  of  an 
acute  intra-peritoneal  infection  or  of  an  intestinal  obstruction.  In  other 
instances  the  diagnosis  was  made  only  on  exploratory  laparotomy.  It  is  of 
note  that  when  there  was  a  localized  tender  area  a  cough  impulse  could 
sometimes  be  felt  at  that  site. 
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The  reported  case  conforms  with  the  above  abstract  of  the  literature. 
It  appears  to  have  been  the  first  noted  in  this  hospital.  At  first  regarded 
as  a  unique  curiosity,  after  perusal  of  the  literature,  the  fact  was  appre- 
ciated that  the  lesion  is  not  rare;  that  it  can  be  diagnosed  at  least  in  some 
instances,  if  its  possible  existence  is  borne  in  mind,  and  that  its  recognition 
is  a  matter  of  some  clinical  importance. 
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AN  UNUSUAL  TYPE  OF  DIRECT  INGUINAL  HERNIA 


SEEBERT  J.  GOLDOWSKY,  M.D. 
[From  the  Surgical  Service  of  Dr.  Harold  Xenhof] 

The  purpose  of  this  communication  is  to  describe  an  unusual  type  of 
direct  hernia  and  to  indicate  wherein  it  differs  from  the  usual  varieties. 
A.  V.  Moschcowitz  (1)  stated:  "Every  hernia  which  makes  its  escape  from 
the  abdomen  on  the  mesial  side  of  the  deep  epigastric  artery  is  called  a 
direct  inguinal  hernia."  He  further  pointed  out  that  a  hernia  of  Hessel- 
bach's  triangle  is  usually  small  and  only  rarel}'  descends  into  the  scrotum. 
The  peritoneal  sac  is  considerably  smaller  than  the  size  of  the  hernial  mass 
would  lead  one  to  believe.  The  reason  is  that  an  appreciable  part  of  the 
protrusion  consists  of  properitoneal  fat,  more  abundant  in  this  region  than 
in  the  zone  of  indirect  inguinal  hernias.  Davis  (2)  found  that  a  direct 
inguinal  hernia  almost  always  enters  the  middle  inguinal  fossa  between  the 
hypogastric  and  epigastric  arteries,  that  is,  lateral  to  the  hypogastric  fold. 
Herniations  mesial  to  the  obliterated  hypogastric  artery  are  very  rare. 

Dea\^er  (3)  and  Watson  (4)  also  have  emphasized  that  hernias  of  the 
direct  type  present  a  bulge  of  the  peritoneum  rather  than  a  true  sac,  as  in 
the  indirect  type.  Finochietto  (5,  6),  who  has  contributed  much  to  the 
pathology  and  pathogenesis  of  direct  hernia,  finds  that  in  all  cases  there  is 
atrophy  of  the  conjoined  tendon,  as  described  hy  Hessert  (7),  and  that  the 
cremaster  muscle  is  absent  in  most  cases.  He  has  found  that  the  form  of 
the  sac  varies  according  to  its  size  from  the  simple  dome-shaped  bulge  to 
the  true  sac,  and  that  the  base  of  the  tumor  is  always  verj^  broad.  He 
classifies  direct  hernias  into  three  varieties : 

1.  Saccular  (73  per  cent),  in  which  the  tumor  is  hemispherical  and  the 
sac  consists  of  transversalis  fascia  (primarily  at  the  base),  properitoneal 
fat  (likewise  most  prominent  at  the  base)  and  peritoneum. 

2.  Lipomatous  (20  per  cent),  in  which  a  clear  yellow  fatty  lobule,  com- 
pletely encapsulated,  pre.sents  a  strangulation  which  corresponds  to  the 
external  ring.    The  sac  is  always  small  and  thin. 

3.  Splanchnic  (6  per  cent),  in  which  a  viscus  (for  example,  the  bladder) 
takes  part  in  the  formation  of  the  tumor.  This  type  is  frequently  large 
and  difficult  to  reduce. 

The  case  described  here  presents  several  unu.sual  features.  The  hernial 
orifice  was  located  in  the  inner  and  lowermost  corner  of  Hesselbach's 
triangle,  mesial  to  the  hypogastric  artery.    As  already  noted,  this  is  a  very 
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rare  location.  The  opening  was  a  narrow  defect  in  the  transversalis  fascia 
with  sharply  defined  margins  which  just  admitted  the  index  finger.  This 
opening  was  quite  disproportionate  to  the  size  of  the  sac,  which  was  elon- 
gated and  about  four  inches  in  length.  The  sac  was  pear-shaped  with,  a 
constricted  neck,  as  contrasted  with  the  usual  dome-shaped  bulge  with  a 
broad  base.  Furthermore,  the  sac  wall  was  uniformlj^  well  developed  and 
contained  throughout  a  substantial  peritoneal  layer  and  a  well  distributed 
thin  pad  of  preperitoneal  fat.  This  direct  hernia  obviously  differs  in  most 
respects  from  the  well  recognized  types  of  hernia  of  Hesselbach's  triangle. 

A  review  of  the  literature  revealed  only  one  comparable  case.  Banks 
(8)  reported  a  case  in  which  the  hernia  consisted  of  a  mass  of  extra  peri- 
toneal fat  protruding  through  an  opening  in  the  abdominal  wall  the  size  of  a 
"cedar-wood  pencil."  The  defect  was  lateral  to  the  rectus  sheath  and  one- 
half  inch  above  the  pubis.  There  was  a  process  of  peritoneum  in  the  fat, 
but  no  abdominal  contents.  The  similarity  to  the  present  case  lies  in  the 
location  of  the  hernial  orifice  and  its  restricted  nature,  but  it  differs  in 
that  it  had  a  very  small  peritoneal  sac  with  a  large  mass  of  extra-peritoneal 
fat. 

CASE  REPORT 

History  (Adm.  375785).  L.  G.,  a  Russian-Jewish  furrier,  45  years  of  age,  was 
admitted  to  The  Mount  Sinai  Hospital  on  January  17,  1935  complaining  of  a  bulge  in 
the  left  groin  of  sixteen  years'  duration.  While  raising  water  from  a  well  he  felt 
something  "break"  in  his  left  groin.  Shortly  afterward  he  noticed  a  swelling  in  this 
region,  but  experienced  no  pain.  He  began  wearing  a  truss  almost  immediately,  but 
despite  this  precaution  the  bulge  progressively  increased  in  size.  It  was  always 
readily  reducible.  During  the  year  preceding  admission  he  had  frequent  cramp-like 
pains  in  the  left  inguinal  region.    The  past  history  was  otherwise  not  remarkable. 

Examination.  Except  for  the  inguinal  regions,  the  examination  was  negative. 
The  left  external  ring  was  dilated  and  admitted  the  tip  of  the  finger.  It  transmitted 
an  impulse  on  coughing.  There  was  a  plum-sized  bulge  in  the  inguinal  region  on 
straining.  This  seemed  to  be  direct  in  nature  and  did  not  descend  into  the  scrotum. 
There  was  a  smaller  similar  bulge  in  the  right  groin. 

Operation.  A  five  inch  left  inguinal  incision  was  made  through  the  skin.  The 
aponeurosis  of  the  external  oblique  was  divided  in  the  usual  manner,  and  the  cord 
and  its  structures  were  identified.  A  fairly  large  hernial  bulge,  approximately  the 
size  of  a  lime,  was  exposed  posterior  to  the  spermatic  cord.  The  sac  was  freed  from 
the  cord  structures.  It  was  then  opened  and  dissected  down  to  its  neck.  The  deep 
epigastric  artery  was  seen  to  run  definitely  lateral  to  the  neck  of  the  sac,  and  was  not 
displaced  by  the  herniation.  The  sac  itself  was  fully  four  inches  long  and  was  well 
developed,  containing  all  of  the  peritoneal  layers  including  fat.  The  content  of  the 
sac  was  a  non-adherent  omental  wedge.  The  sac  protruded  through  a  well  defined 
defect  in  the  transversalis  fascia.  This  was  approximately  one  inch  in  length  and 
located  in  the  inner  and  lowermost  corner  of  Hesselbach's  triangle.  Traction  upon 
the  sac  brought  a  portion  of  the  bladder  into  the  hernia :  but  bladder  was  not  truly  a 
hernial  content.  The  excess  sac  was  resected  and  the  peritoneal  opening  closed. 
The  defect  in  the  transversalis  fascia  was  approximated  over  the  peritoneal  stump. 
The  usual  Bassini  repair  was  done  with  transplantation  of  the  cord. 
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HERNIATION  OF  THE  URINARY  BLADDER 


JACK  H.  LEVY,  M.D. 
[Department  of  Radiology,  Service  of  Dr.  M.  L.  Sussman] 

It  is  not  uncommon  during  a  routine  herniorrhaphy  to  encounter  a 
herniation  of  the  urinary-  bladder  through  the  inguinal  or  femoral  rings. 
Various  observers  estimate  that  from  one  to  three  per  cent  of  all  hernias 
contain  a  bladder  component  (1,  2). 

It  is  unusual,  however,  for  the  diagnosis  to  be  made  pre-operatively. 
In  part,  this  is  due  to  lack  of  outstanding  urinary  symptoms  in  the  majority 
of  patients.  Robnett  (2)  states  that  the  correct  prenDperative  diagnosis  is 
made  in  less  than  ten  per  cent  of  all  cases.  Vastola  (3)  re\'iewed  twelve 
cases  of  strangulated  femoral  cystocele  and  found  that  in  not  a  single 
instance  was  the  bladder  herniation  suspected  pre-operatively. 

The  importance  of  a  correct  diagnosis  is  appreciated  when  it  is  realized 
that  a  bladder  injury  is  not  always  recognized  during  the  hernioplastic 
procedure.  Failure  to  properly  repair  the  injured  bladder  may  lead  to 
very  serious  complications.  Hunnicutt  (1)  reported  a  mortaUty  as  high  as 
thirty  to  forty  per  cent  and  a  high  incidence  of  postoperative  urinarj^ 
fistulae.  On  the  other  hand,  when  proper  and  complete  repair  of  the 
injured  viscus  is  effected  serious  harm  does  not  usually  result. 

There  are  but  few  instances  in  the  literature  in  which  the  diagnosis  was 
made  pre-operativeh^  by  the  relatively  simple  procedure  of  retrograde 
cystography.  Levj^  (4)  reports  a  case;  Bierhoff  and  Ung%r  (5)  present 
another  and  refer  to  one  described  by  ^lakkas  (6).  Because  of  the  not 
infrequent  occurrence  of  this  condition.  Hinman  (7)  suggests  the  employ- 
ment of  routine  cystography  for  all  inguinal  hernias  in  men  past  the  age  of 
fifty  j'^ears. 

CASE  REPORTS 

Case  1.  History  (Adm.  439986).  X.  K.,  a  50  year  old  man,  was  admitted  to  The 
Mount  Sinai  Hospital  on  May  6,  1939  for  the  repair  of  a  right  complete  indirect 
inguinal  hernia  which  had  been  present  for  three  j'ears.  For  five  months  the  patient 
had  noted  that  the  hernia  was  considerably  larger  when  he  awakened  in  the  morning. 
After  voiding,  the  right  scrotal  mass  was  partiallj'  reduced  in  size;  further  voiding 
could  be  forced  by  pressure  on  the  hernial  mass.  More  recently,  reduction  in  size 
was  not  as  pronounced  after  urination.  Eleven  days  before  admission  there  was  an 
acute  eposide  of  complete  urinary  retention.  There  was  never  any  dysuria  until 
recentlj'  when  diurnal  frequency  with  occasional  mild  urgency  was  noted.  There 
had  never  been  anj'  hematuria,  pain  or  burning  sensations. 

Examination.  A  large,  incompletely  reducible,  right  indirect  inguinal  hernia  was 
present  which  descended  into  the  scrotum.  The  right  testicle  was  felt  in  the  lower 
portion  of  the  scrotum  and  the  mass  above  it  was  flat  to  percussion;  it  was  not  translu- 
cent. Bladder  dullness  extended  to  the  umbilicus.  The  prostate  was  not  thought 
to  be  enlarged  as  determined  bj'  rectal  palpation. 
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The  bladder  was  catlK'tcrized  and  tin-  scrotal  mass  became  smaller.  Culture 
showed  the  presence  of  B.  proteus  and  staphylococcus  albus.  Urinalysis  revealed  a 
two  plus  albumin  and  one  to  two  red  blood  cells  per  high  power  field  with  an  occa- 
sional dump  of  white  blood  cells.  Xo  residual  urine  was  obtained  from  the  bladder 
after  voiding. 

Course.  On  the  day  after  admission,  tlic  patient  passed  a  marble-sized  calculus 
per  uriihrain  and  several  hours  later  had  a  chill  with  a  temperature  rise  to  104. 6°F. 
On  the  following  day  the  temperature  became  normal  and  remained  so  throughout  the 
hospital  stay. 

A  retrograde  eystogram  (fig.  1 )  \\  as  done  several  days  after  admission  and  showed 
a  large  bladder  hernia  descending  into  the  right  scrotum.    The  pelvic  portion  of  the 


Fig.  1.  Case  1.  Black  arrows  outline  herniated  portion  of  urinary  bladder. 
White  arrow  points  to  calculi  in  the  bladder  hernia. 

bladder  was  pulled  towards  the  right.  Within  the  opacified  herniated  portion  of  the 
bladder  were  seen  two  circular  filling  defects,  each  about  1  cm.  in  diameter,  inter- 
preted as  vesical  calculi.  The  prostate  indented  the  base  of  the  bladder  to  a  slight 
degree. 

Operation  was  not  performed  at  this  time  and  the  patient  was  discharged. 

Two  months  later  he  returned  to  the  Out-Pa ticnt  Department  and  reported  the 
passage  of  a  small  calculus  two  weeks  previously. 

On  January  20,  1940,  the  patient  complained  of  a  sensation  of  "urine  in  the  scro- 
tum" when  voiding.  The  hernia  mass  did  not  decrease  in  size  after  urination  as  it 
had  previously.  Examination  showed  the  hernia  to  be  of  grapefruit  size  and  irre- 
ducible. The  mass  above  the  right  testicle  was  described  by  the  examiner  as  being 
"continuous  with  the  abdominal  contents." 
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Second  admission.  The  patient  was  re-admitted  to  the  hospital  for  operation. 
Cystoscopy  showed  no  residual  urine;  the  communication  between  the  pelvic  and 
hernial  portions  of  the  bladder  was  not  \i6ualized.  Numerous  small  uric  acid  calculi 
were  seen.  Moderate  lateral  and  middle  lobe  enlargement  of  the  prostate  was 
described.  Pre-operatively.  an  indwelling  catheter  was  inserted  and  after  introduc- 
ing fluid  into  the  bladder,  the  hernial  sac  was  noted  to  enlarge.  \  second  retrograde 
cystogram  showed  no  change  in  the  radiographic  appearance. 

Operation  (Dr.  G.  D.  Opi)enheimer).  The  cord  and  cremasteric  muscle  and  fascia 
were  dissected  off  the  hernia  and  at  the  upi>er  lateral  portion  of  the  hernia  a  peritoneal 
sac  was  opened.  The  peritoneal  component  was  about  one-fourth  the  total  hernial 
mass,  the  remainder  being  bladder.  There  was  no  evidence  that  the  bladder  mass 
was  a  diverticulum.  The  bladder  was  pushed  into  the  external  peritoneal  supra- 
pubic area  without  much  diflScultj*  and  a  modified  .\ndrews-Bassini  bemioplasty  was 
performed  with  subcutaneous  transplantation  of  the  cord. 

A  cystogram  taken  thirteen  days  postoperativelj-  showed  the  bladder  to  be  in 
normal  position. 

Case  2.  History  (Adm.  454205).  N.  B..  a  62  year  old  man.  was  admitted  to  The 
Mount  Sinai  Hospital  on  March  25, 1940.  He  had  had  a  hernioplasty  thirty-five  years 
previously  for  a  left  inguinal  hernia.  Three  years  before  admission  there  was  a 
recurrence  of  the  hernia  which  descended  into  the  scrotum.  At  first,  reduction  could 
be  maintained  with  a  truss,  but  recently  the  truss  was  ineffectual.  Descent  of  the 
hernia  into  the  scrotum  was  associated  with  severe  pain  in  the  left  groin  and  frequent 
irreducibilitj-.  .\t  these  times  there  was  marked  tenderness  and  enlargement  of  the 
scrotal  mass.  Eight  months  prior  to  admission  the  patient  developed  urinary  symp- 
toms, i.e..  frequency,  nocturia  (8  times),  urgency,  burning  sensation  on  micturition, 
delay  in  initiating  urination,  lack  of  force  behind  the  urinarj-  stream,  irregularity  and 
cessation  of  flow  with  straining.  Despite  these  urinary  complaints,  the  patient  was 
more  disturbed  by  the  hernia. 

Exomination.  An  irreducible,  complete,  direct  left  inguinal  hernia  was  present. 
It  was  not  translucent.  The  prostate  was  enlarged  as  determined  by  rectal  palpa- 
tion. A  barium  enema  showed  all  of  the  sigmoid  intestine  to  be  in  the  left  scrotal 
hernia  (fig.  2) :  there  was  narrowing  of  the  bowel  at  its  entrance  into  and  exit  from  the 
ingtiinal  ring.  These  loops  remained  filled  with  barium  after  evacuation.  A  residual 
of  one  ounce  of  urine  was  obtained  from  the  bladder  after  voiding.  It  was  thought 
that  the  urinary  symptoms  might  have  been  due  to  a  sliding  hernia  of  the  bladder: 
however,  a  retrograde  cystogram  was  not  done. 

Operaiion  (Dr.  H.  XeuhoO-  Laparotomy  was  performed  with  the  idea  of  relief 
of  bowel  obstruction  rather  than  cure  of  the  hernia.  The  inguinal  ring  was  exposed 
from  within  and  incised;  the  sigmoid  was  drawn  back  into  the  peritoneal  cavity  and 
its  peritoneum  ablated  down  to  the  region  of  the  bladder.  The  bladder  did  not 
appear  to  enter  the  hernia.    Repair  of  the  peritoneal  opening  was  completed. 

Postoperaiire  course.  The  patient  was  unable  to  void  on  the  day  fcrflowiog  opera- 
tion :  by  catheterization  sixteen  ounces  of  blood-stained  urine  was  obtained.  During 
the  following  ten  days,  the  patient  was  unable  to  void  spontaneously.  On  the  tenth 
postoperative  day,  the  hernia  recurred.  Because  of  the  persistent  urinary  retention, 
cystoscopy  was  performed  and  moderate  enlargement  of  all  the  prostatic  lobes  was 
noted.  Trabeculation  of  the  bladder  was  noted  and  numerous  pin-head  sized  uratic 
calculi  were  seen.  .\  retrograde  cystogram  was  now  done  and  the  bladder  hernia 
descending  into  the  scrota!  mass  was  demonstrated  (fig.  3). 

Transurethral  resection  for  relief  of  urinarj-  obstruction  was  performed;  seven 
grams  of  prostatic  tissue  was  removed  from  the  middle  and  lateral  lobes.  The  post- 
operative course  was  satisfactorj-.  .\fter  three  days,  the  catheter  was  withdrawn 
and  the  patient  was  able  to  void  spontaneously  with  moderate  dysuria.    Xo  residual 
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urine  was  demonstrable.  Changes  in  size  of  the  hernia,  following  urination,  were  not 
recorded.  The  patient  was  seen  on  June  4.  1940  complaining  of  pain  in  the  supra- 
pubic region  with  inability  to  empty  the  bladder  eompletely:  nocturia  (12  times): 


Fig.  2.  Case  2.  Upper  arrow  indicates  constriction  of  the  sigmoid  where  it  passes 
throagh  the  inguinal  ring.    Lower  arrows  outline  herniated  sigmoid  loops. 


Fig.  3.  Case  2.    .\rrow8  outline  herniated  process  of  urinary  bladder. 

and  thirty  minute  frequency  during  the  day.  The  bladder  was  irrigated:  no  residual 
urine  was  found. 

Further  surgical  procedures  are  now  being  considered. 
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DISCUSSIOX 

Types.  Anatomicall}',  there  are  three  major  types  of  true  vesical  hernia- 
tion (extroversion  and  vaginal  cystocele  are  not  considered  in  this  classifica- 
tion): 1)  Intraperitoneal,  in  which  the  bladder  process  is  contained  w-ithin 
the  hernial  sac ;  2)  Paraperitoneal,  in  which  the  herniated  process  is  covered 
only  on  one  side  by  peritoneum.  This  is  the  most  common,  and  3)  Extra- 
peritoneal, in  which  there  is  no  peritoneal  covering.  The  prolapsed  bladder 
is  neither  present  in  nor  enters  into  the  formation  of  a  hernial  sac.  If  a  sac 
is  present,  the  bladder  is  distinct  from  and  medial  to  it. 

The  extremely  rare  occurrence  of  the  following  types  has  been  recorded: 
1)  Obturator  extraperitoneal;  2)  Suprapubic,  through  the  linea  alba; 
3)  Ischiorectal.  4)  A  type  is  described  by  GironcoU  (8)  which  protrudes 
directly  through  the  belly  of  the  rectus  abdominis  and  has  for  its  ring  the 
rectus  fascia  and  muscle. 

All  types  may  be  either  complete  or  incomplete;  the  inguinal  varieties 
may  be  direct  or  indirect .  Any  of  the  Hscera  commonly  found  in  hernias 
may  be  present  in  addition  to  the  bladder  prolapse. 

The  bladder  process  may  represent  herniation  of  a  vesical  diverticulum 
and  the  stoma  communicating  with  the  pehic  bladder  may  be  narrow  or 
wide. 

When  the  herniation  of  the  bladder  descends  into  the  scrotum,  the 
cystographic  appearance  is  typical.  However,  when  the  hernia  is  incom- 
plete, differentiation  must  be  made  between  actual  herniation  of  a  part 
of  the  bladder  into  the  inguinal  or  femoral  rings  and  projection  of  a  large 
diverticulum  towards  the  pel\-ic  floor.  Oblique  and  lateral  films  of  the 
opaque-fiUed  bladder  process  are  of  aid  in  making  this  differentiation. 

SfMMARY 

1.  The  urinary  bladder  is  a  component  in  one  to  three  per  cent  of  all 
hernias. 

2.  Retrograde  cystography  is  a  simple  procedure  which  can  be  employed 
preoperatively  to  exclude  the  presence  of  bladder  herniation.  This  pro- 
cedure might  be  especially  valuable  in  men  past  the  age  of  fifty  j'ears. 

3.  Two  representative  cases  of  vesical  hernia  are  presented  with  illustra- 
tive cystograms. 
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INCARCERATED  FEMORAL  HERNIA  CONTAINING  AN 
ADHERENT  APPENDIX 


Report  of  Two  Cases  in  Men 

GABRIEL  P.  SELEY,  M.D. 
[From  the  Surgical  Service  of  Dr.  Harold  Xeuhof] 

The  occurrence  in  a  man  of  a  femoral  hernia  containing  an  appendix  is 
extremely  rare.  Case  1  to  be  reported  is  most  unusual  because  there 
were  no  symptoms  referable  to  the  hernia  and  because  the  appendix  was 
adherent  to  the  femoral  sac. 

CASE  reports 

Case  1.  History  (Adin.  436264).  A  sixty-foui-  year  old  nuin  was  admitted  to  the 
hospital  on  Februarj'  14,  1939  because  of  a  mass  in  the  right  groin  of  several  months' 
duration.  The  past  medical  and  surgical  history  was  irrelevant.  The  small  firm 
tumefaction  was  noted  several  months  before  admission.  It  caused  no  pain  and 
there  were  no  related  gastro-intcstinal  symptoms.  The  mass  did  not  vary  in  size. 

The  general  physical  examination  was  essentially  negative.  In  the  right  femoral 
region  there  was  a  firm,  non-tender,  tense,  irreducible  mass  about  4  cm.  in  each 
diameter. 

Operation  for  incarcerated  femoral  hernia  was  performed  under  avertin  gas- 
oxygen  ether  anesthesia.  The  right  femoral  region  was  exposed  through  a  liberal 
incision  parallel  to  and  below  Poupart's  ligament.  A  tense  thick-walled  sac  was 
visualized  and  isolated.  It  was  opened  and  fluid  was  evacuated;  the  thickened  ap- 
pendix, intimately  adherent  to  the  wall  of  the  sac,  was  the  prominent  feature  of  the 
contents  of  the  sac.  The  appendix  was  freed  by  sharp  dissection  and  drawn  out  of 
the  wound  with  part  of  the  cecum.  The  mcsenteriolum  was  severed  after  it  had  been 
ligatcd,  and  the  base  of  the  appendix  was  ablated  with  the  high  frequency  current. 
The  hernial  sac  was  freed  and  ablated  at  the  neck,  and  the  hernial  space  obliterated 
by  uniting  the  lower  edge  of  Poupart's  ligament  to  the  pectineus  fascia.  The  skin 
was  closed  without  drainage. 

The  postoperative  course  was  uneventful  and  the  patient  was  discharged  on  the 
eighth  postoperative  day. 

There  was  another  case  in  The  Mount  Sinai  Hospital  records  of  a  man 
with  a  femoral  hernia  containing  an  appendix.  The  features  of  the  case 
can  be  stated  briefly. 

Case  2.  History  (Adm.  377764).  This  patient  was  fifty-six  years  of  age  and  had 
been  operated  upon  twenty-three  years  previously  for  a  bilateral  inguinal  hernia. 
Ten  days  before  this  admission  he  noticed  an  irreducible  mass  in  the  right  groin, 
associated  with  pain  and  vomiting.  Examination  revealed  an  incarcerated  right 
femoral  hernia.  At  operation  the  sac  was  found  to  contain  the  distal  third  of  the 
appendix  which  had  become  hemorrhagic  due  to  strangulation.    The  entire  appendix 
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could  not  be  delivered  readily  and  onh'  the  diseased  portion  was  removed.  The 
hernia  was  repaired  in  the  customary  manner.  There  was  a  mild  infection  of  the 
wound  but  the  postoperative  course  was  otherwise  uneventful. 

DISCUSSION 

In  1906  Wood  (1),  reviewed  3,054  cases  of  hernia  and  reported  the  pres- 
ence of  the  appendix  alone  or  with  other  vLscera  in  58  or  0.19  per  cent. 
In  1910  Gi-ey  (2)  reported  59  cases  of  hernia  of  the  appendix.  He  stated 
that  strangulation  of  the  appendix  in  the  hernial  sac  was  more  common  in 
femoral  hernias,  and  inflammation  of  the  appendix  was  more  frequent  in 
inguinal  hernias.    Coley  (3)  found  ten  cases  in  which  the  appendix  alone 

TABLE  1 

Analysis  of  cases  of  femoral  hernia  at  The  Mount  Sinai  Hospital  (1928  to  1938) 


Total  number  of  cases   213  ' 

Sex 

Women   167 

Men     46 

Contents  of  hernial  sac  (men) 

Omentum   11 

Small  intestine   9 

Appendix  epiploic   1 

Appendix   I 

Empty   25 

Xot  mentioned   2 

Side  (men) 

Right   28 

Left   15 

Bilateral   3 


TABLE  2 

Femoral  hernia  of  the  appendix  in  men  as  reported  in  the  literature 

Watson  ^  4 

McClure  and  Fallis   1 

Doolin  (quoted  by  McClure)     1 


was  present  in  the  hernial  sac  in  a  series  of  2,200  hernia  operations.  In 
1923  Watson  (4)  collected  512  cases  of  hernia  of  the  appendix.  Of  these 
269  were  inguinal,  217  femoral,  and  2  obturator  hernias.  In  181  cases 
in  which  the  sex  is  stated,  177  were  women,  and  4  were  men.  Shawan  and 
Altman  (7)  described  three  cases  in  women.  In  1939  McClure  and  Fallis 
(8)  reported  two  ca.ses  in  men  (one  of  their  own  and  one  from  the  literature). 

In  a  review  hy  the  author  of  213  cases  of  femoral  hernia  operated  upon 
at  The  Mount  Sinai  Hospital  for  a  period  of  eleven  j^ears  (1928  to  1938 
inclusive),  46  were  men.  In  one  of  these  the  sac  contained  an  appendix 
(case  2  in  this  report).  Thus,  with  the  two  cases  herein  reported,  a  total 
niunber  of  eight  femoral  hernias  of  the  appendix  in  the  male  are  on  record 
(table  2).    Wat.son  (5)  states  that  femoral  hernias  compri.se  40  per  cent  of 
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all  the  cases  of  hernia  iii  which  the  sac  contains  the  appendix;  about  2  per 
cent  of  these  are  in  men.  Adhesions  of  the  appendix  are  common  in  this 
variety  of  hernia,  the  appendix  being  adherent  in  about  95  per  cent  of  the 
cases.    In  both  of  the  cases  reported  the  appendix  was  adherent  to  the  sac. 

SUMMARY 

Femoral  hernia  of  the  appendix  in  men  is  discussed  and  two  cases  re- 
ported. A  review  of  the  literature  revealed  six  similar  cases.  The  un- 
usual combination  in  a  man  of  a  femoral  hernia  containing  an  adherent 
appendix  warrants  the  reporting  of  these  two  cases. 
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REDUCTION  EN  MASSE  OF  A  STRANGULATED  HERNIA. 
OPERATIVE  CURE 


JEROME  S.  COLES,  M.D. 
[From  the  Surgical  Service  of  Dr.  Harold  Neuhof] 

The  purpose  of  this  paper  is  to  present  a  case  of  reduction  en  masse  of  a 
strangulated  inguinal  hernia  and  to  discuss  its  mechanism  and  management. 

CASE  REPORT 

History  (Adm.  441713).  A  38  year  old,  unmarried  pharmacist  had  a  left  inguinal 
hernia  for  ten  years  which  had  gradually  grown  larger,  but  never  so  large  as  to  de- 
scend into  the  scrotum.  It  had  always  been  reducible  and  had  caused  him  no  dis- 
comfort except  for  an  occasional  dragging  sensation  in  the  region  of  the  hernia. 
There  were  never  any  symptoms  suggesting  incarceration.  The  patient  had  worn 
a  truss  for  several  years. 

Two  and  a  half  days  prior  to  admission,  while  retiring,  the  patient  was  seized  with 
generalized  cramp-like  abdominal  pain  and  a  feeling  of  distention.  The  pain  became 
increasingly  severe  and  an  hour  later  when  he  got  out  of  bed  and  attempted  to  have 
a  bowel  movement,  he  vomited  some  non-odorous  dark  brown  material.  After  this 
episode  of  vomiting,  he  noticed  that  the  hernia  appeared  and  he  was  unable  to  reduce 
it.  He  stated  that  he  did  not  use  much  force  in  attempting  reduction.  The  pain 
and  vomiting  persisted  throughout  the  night.  The  next  morning  he  called  a  physi- 
cian who  attempted  reduction  of  the  hernia  unsuccessfully  and  then  administered  a 
hypodermic.  His  condition  remained  unchanged  and  twelve  hours  later  another 
physician  was  able  to  reduce  the  mass  upon  light  taxis  but  without  a  gurgle.  Fol- 
lowing reduction,  the  truss  was  replaced  over  the  inguinal  region.  The  vomiting  and 
cramps  continued,  however,  and  the  next  day  he  was  brought  to  a  hospital  where 
he  received  parenteral  fluids.  Twelve  hours  later  he  was  transferred  to  The  Mount 
Sinai  Hospital.  During  the  course  of  his  present  illness,  the  patient  had  neither  a 
bowel  movement  nor  passed  any  flatus. 

Examination.  The  patient  was  a  thin  well  developed  man  appearing  acutely  ill. 
His  temperature  was  99°F.,  his  pulse  rate  88  per  minute  and  respirations  20.  The 
abdomen  was  moderately  distended  and  diffusely  tender  particularly  in  the  left 
lower  quadrant  where  a  sense  of  resistance  could  be  felt  above  and  mesial  to  the  in- 
ternal ring.  No  hernial  mass  could  be  felt  in  the  inguinal  canal  on  the  left  side. 
The  external  ring  was  considerably  dilated  and  a  feeble  impulse  on  cough  could  be 
elicited. 

Course.  In  view  of  the  history  of  an  incarcerated  hernia  reduced  upon  light  taxis 
without  a  gurgle,  together  with  the  signs  and  symptoms  of  persisting  intestinal  ob- 
struction, and  the  presence  of  a  mass  in  the  left  lower  quadrant  medial  to  and  above 
the  inguinal  canal,  the  assumption  of  a  reduction  en  bloc  was  warranted.  A  Levin 
tube  was  passed  yielding  upper  intestinal  contents  and  an  intravenous  infusion  of 
5  per  cent  glucose  in  normal  saline  was  begun  prior  to  operation. 

Operation.  Under  spinal  anesthesia,  a  left  lower  rectus  muscle-splitting  incision 
was  made.  As  the  peritoneal  cavity  was  entered,  a  large  amount  of  clear  amber 
colored  fluid  escaped  and  there  presented  both  dilated  and  collapsed  small  intestine. 
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On  exploration  of  the  abdominal  cavity,  a  mass  was  felt  in  the  left  lower  quadrant  and 
the  incision  had  to  be  extended  downward.  A  tense  bluish  sac  could  then  be  visual- 
ized above  and  medial  to  Poupart's  ligament.  The  orifice  of  the  sac  was  a  narrow 
fibrous  ring  protruding  into  the  peritoneal  cavity.  Mesial  to  it  was  another  bulge 
apparently  due  to  the  rest  of  the  sac  outside  the  abdominal  cavity.  Into  the  sac 
there  entered  greatly  dilated  small  intestine,  and  out  of  it  there  emerged  collapsed 
intestine.  The  orifice  was  gently  dilated  with  a  ring  clamp  and  the  strangulated 
bowel  as  well  as  some  bloody  fluid  was  released.  About  one  and  a  half  inches  of 
bowel  appeared  strangulated.  This  loop  showed  a  reddish,  mottled  circular  area 
about  one  inch  in  diameter  on  the  antimesenteric  border.  The  mesenteric  border  was 
slightly  indurated.  The  involved  loop  was  covered  with  a  warm  packing.  The 
sac  which  had  already  partially  invaginated  into  the  peritoneal  cavity,  could  be 
completely  pulled  out  through  the  ring  and  was  then  found  to  be  about  two  and  one- 
half  inches  in  length.  The  sac  was  excised  proximal  to  the  ring,  revealing  some  blood 
vessels  and  a  layer  of  tissue  which  may  have  Vjeen  transversalis  fascia.  The  peri- 
toneum was  sutured  without  tension.  Thus,  there  was  achieved  the  removal  of  the 
sac  which  had  been  reduced  en  bloc  into  the  peritoneal  cavity.  The  loop  of  intestine 
was  now  more  carefully  examined  and  then  returned  to  the  abdominal  cavity  after 
satisfactory  evidence  of  its  viability  was  obtained.  The  abdominal  wall  was  closed 
in  layers  without  drainage.    No  hernioplasty  was  performed.  « 

Postoperative  course.  On  the  fifth  postoperative  day  the  temperature  became 
normal  and  the  Levin  tube  drainage  and  administration  of  parenteral  fluids  were 
discontinued.  On  the  sixth  postoperative  day  the  patient  had  a  spontaneous  bowel 
movement.  On  the  fourteenth  day  he  was  discharged  with  the  wound  healed  by 
primary  union.  He  was  examined  four  months  later,  and  again  one  year  later,  during 
which  time  he  had  remained  well.  The  scar  in  the  left  inguinal  region  was  firm  and 
there  was  no  evidence  of  herniation. 

DISCUSSION 

There  has  been  very  little  attempt  in  the  literature  to  correlate  various 
concepts  concerning  this  topic  with  the  individual  cases  presented.  It  is 
fortunate  that  this  case  lends  itself  to  an  empu'ic  elucidation  of  some  of 
these  concepts.  In  discussing  the  etiology  of  "reduction  en  bloc",  Pearse 
(1)  said  that  if  an  inguino-properitoneal  hernia  is  present,  there  can  occur 
spontaneous  shifting  of  a  strangulated  loop  from  the  inguinal  to  the  properi- 
toneal  locus  of  a  bilocular  sac.  Likewise  there  is  no  reason  to  suppose  that 
a  shift  in  the  reverse  direction  cannot  occur  as  well.  It  can  be  postulated, 
therefore,  that  in  this  case  there  was  an  inguino-properitoneal  sac  in  which 
the  bowel  first  became  incarcerated  in  the  properitoneal  jjosition.  The 
history  at  the  onset  is  typical  of  incarceration  without  the  appearance  of  a 
hernial  mass.  The  hernia  appeared  only  after  vomiting  and  straining. 
At  that  time  there  probably  occurred  a  spontaneous  shift  from  the  properi- 
toneal to  the  inguinal  locus.  In  the  original  properitoneal  locus,  the 
patient  could  not  have  been  aware  of  the  presence  of  a  hernia  since  on 
admission  to  the  hospital,  when  the  hernia  had  been  reduced  again  to  the 
properitoneal  locus,  he  was  not  then  aware  of  the  presence  of  a  hernia.  The 
"reduction  en  bloc"  effected  by  the  surgeon  was  therefore  merely  a  shift 
of  the  strangulated  loop  back  to  the  properitoneal  position. 


180 


JEROME  S.  COLES 


It  is  impossible  to  state  whether  this  patient  had  a  congenital  or  acquired 
bilocular  sac.  He  had  no  undescended  testicle  or  narrow  external  ring. 
He  did,  however,  have  a  small,  repeatedly  reducible  hernia  for  a  long  period 
of  time;  and  he  wore  a  truss  which  may  have  fitted  imperfectly  and  pro- 
duced the  same  mechanical  effect  as  a  narrow  external  ring.  In  addition 
this  sac  had  a  narrow  neck.  All  of  these  factors  provided  ample  opportu- 
nity over  a  period  of  years  for  the  development  of  a  properitoneal  space  if 
one  was  not  congenitally  present. 

The  physical  examination  and  operative  findings  are  of  importance  in 
increasing  the  evidence  for  the  presence  of  a  bilocular  sac  in  this  patient. 
An  indefinite  mass  could  be  palpated  abdominally,  more  as  a  sense  of 
resistance  medial  to  and  above  Poupart's  ligament.  Yet  at  operation, 
there  was  a  bulging  of  the  anterior  parietal  peritoneum  into  the  abdominal 
cavity  just  mesial  to  the  partially  invaginated  neck  of  the  sac.  If  the  sac 
had  been  present  in  the  space  between  the  internal  oblique  muscle  and  the 
external  oblique  aponeurosis,  the  hernia  with  its  contents  should  have  been 
readil;^  palpable  particularly  in  a  thin  individual.  The  sac  could  possibly 
have  been  in  the  space  between  the  transversalis  fascia  and  the  transversus 
muscle,  but  upon  excising  it  in  a  circular  manner  a  layer  of  tissue  with 
blood  vessels  appeared  resembling  transversalis  fascia,  certainly  not  muscle. 
Another  significant  operative  finding  suggesting  a  preformed  properi- 
toneal pouch  was  the  discrepancy  between  the  size  of  the  strangulated 
loop  (one  and  a  half  inches)  and  the  size  of  the  sac  (two  and  a  half  inches). 

SUMMARY 

The  evidence  indicates  that  an  inguino-properitoneal  sac  existed 
in  the  properitoneal  component  of  which  a  loop  of  ileum  became  incar- 
cerated with  ensuing  symptoms  of  intestinal  obstruction.  During  an 
episode  of  vomiting  the  position  of  the  strangulated  loop  became  inguinal, 
the  strangulation  at  the  neck  of  the  sac  persisting.  Thereafter  an  apparent 
reduction  was  effected  by  taxis,  the  strangulated  loop  being  returned  to  its 
original  properitoneal  site.    There  it  remained  until  released  hy  operation. 

The  other  feature  of  interest  is  the  cure  of  the  hernia.  This  was  achieved 
(one  year  follow-up  observation)  by  an  emergency  operative  procedure 
which  consisted  solely  of  ablation  of  the  sac  from  within  the  peritoneal 
cavity. 

BIBLIOGRAPHY 

(1)  Peakse,  H.  E.,  Jr.:  Strangulated  hernia  reduced  en  masse.    Surg.  Gynec.  & 
Obst..,  5.3:  822,  1931. 


STRANGULATED  RICHTER'S  HERNIA.  OPERATIVE 
TREATMENT  BY  LAPAROTOMY 


HAROLD  NEUHOF,  M.D. 

Defining  Richter's  hernia  as  a  sac  containrag  a  protrusion  of  only  a 
portion  of  the  cu'cumference  of  the  intestinal  wall,  and  a  strangulated 
Richter's  hernia  as  one  in  which  only  a  portion  of  the  protruded  circum- 
ference of  the  bowel  is  caught  in  a  hernial  sac,  strangulated  Richter's 
hernia  can  be  regarded  as  a  rare  lesion.  In  most  of  the  cases  in  the  litera- 
ture the  lesion  whether  obstructed  or  not  is  situated  within  a  small  femoral 
sac.  It  is  presumably  because  the  hernia  is  small  that  its  existence  has 
not  been  recognized  before  operation  in  a  substantial  portion  of  the  re- 
ported cases  of  strangulated  Richter's  hernia.  In  addition,  the  diagnosis 
is  rendered  difficult  because  the  obstruction,  involving  only  a  portion  of 
the  bowel,  is  incomplete.  The  operative  treatment,  when  the  diagnosis 
of  strangulated  Richter's  femoral  hernia  is  made,  has  usually  consisted 
in  incision  over  the  femoral  sac  with  release  of  the  obstruction  and  the 
management  of  the  involved  bowel  in  accordance  with  the  extent  of  the 
damage.  The  purpose  in  reportmg  the  following  case  is  to  describe  the 
management  of  both  the  intestinal  obstruction  and  femoral  sac  by  way  of 
an  abdominal  and  not  the  conventional  femoral  approach. 

CASE  REPORT 

History  (Adm.  468029).  S.  S.,  a  woman,  45  years  old,  was  admitted  to  the  Private 
Pavilion  of  The  Mount  Sinai  Hospital  on  .January  17,  1941.  A  left  femoral  hernia 
was  known  to  have  existed  for  a  considerable  length  of  time.  Abdominal  cramps, 
nausea  and  vomiting  began  five  days  before  admission,  and  there  was  noted  a  slight 
increase  in  the  size  of  the  hernia.  It  was  found  to  be  irreducible.  The  symptoms  of 
an  intermittent  partial  intestinal  obstruction  persisted  throughout  these  five  days. 

Examination.  On  admission,  the  patient  was  acutely  ill  and  dehydrated.  In  the 
left  femoral  region  there  was  a  small  tense  tender  reddened  tumefaction.  The 
abdomen  was  not  greatly  distended. 

Operation.  A  low  left  vertical  rectus-splitting  incision  was  made.  Distended 
loops  of  intestine  were  packed  away.  A  partially  collapsed  loop  of  small  intestine  was. 
noted.  It  was  traced  to  its  exit  from  the  region  of  the  internal  ring  of  the  femoral  ca- 
nal. With  the  peritoneal  cavity  completely  packed  ofif  and  the  patient  in  the  Trendel- 
enburg position,  the  tight  ring  was  visualized.  Its  margins  were  caught  with  forceps 
and  the  ring  was  incised.  The  loop  of  intestine  was  thereby  suddenly  released  and 
could  be  brought  into  the  abdomen  without  traction.  It  was  packed  off  for  later 
inspection  and  the  contents  of  the  sac,  consisting  of  grumous  bloody  fluid,  were 
evacuated  by  suction.  The  loop  of  intestine  was  now  examined.  The  area  which 
was  strangulated  was  a  diver ticulum-like  projection  of  the  small  bowel  opposite 
the  mesentery.    It  was  elevated  about  a  half  inch  above  the  level  of  the  adjacent 
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bow  el.  Its  serosal  surface  was  acutely  inflamed  and  was  partly  covered  by  a  small 
patch  of  exudate.  There  was  a  constriction  at  the  base  of  the  diverticulum-like 
projection.  In  the  line  of  the  persisting  constriction  there  was  cicatricial  tissue 
suggesting  that  the  projection  had  existed  for  a  considerable  period  of  time.  Even 
at  the  end  of  operation  at  the  time  of  closure  of  the  peritoneal  cavity,  the  projection 
remained.  In  the  absence  of  anj-  evidence  of  necrosis,  and  with  some  return  towards 
normal  appearance  of  the  involved  portion  of  bowel,  no  further  surgical  treatment 
appeared  indicated.  Accordingly,  the  loop  was  surrounded  by  warm  pads  and  the 
region  of  the  femoral  sac  was  exposed.  By  the  successive  application  of  clamps,  the 
sac  was  drawn  up  into  the  peritoneal  cavity,  ablated,  and  the  defect  closed  by  sutures 
which  drew  together  the  parietal  peritoneum  at  the  edge  of  the  internal  ring.  The 
abdominal  wall  was  closed  in  layers. 

Postoperative  course.  There  was  a  thoracic  postoperative  complication  consisting 
of  pain  in  the  right  chest,  cough,  and  slight  hemoptj-sis.  Fever  set  in  later.  There 
were  physical  signs  of  fluid  in  the  chest  and  aspiration  revealed  old  tarry  blood  in  the 
pleural  cavitj-.  Convalescence  was  prolonged  because  of  this  complication.  The 
patient  was  discharged  from  the  hospital  three  and  a  half  weeks  after  operation  at 
which  time  there  was  some  complaint  of  abdominal  cramps. 

Abdominal  cramps  persisted  from  time  to  time  for  a  period  of  six  weeks  after 
discharge  from  the  hospital.  They  have  now  subsided  completely  and  the  patient 
remains  sj-mptom-free. 

Roentgenographic  studies  made  three  months  after  operation  revealed  no  ab- 
normalities in  the  small  bowel. 

COMMENT 

Since  there  always  is  a  mortality  to  be  considered  in  the  operative  treat- 
ment of  strangulated  hernia,  the  management  of  any  case  in  which  a  loop 
of  bowel  is  compromised  should  be  dh-ected  primarily,  if  not  solelj',  to- 
wards the  sa^dng  of  life.  The  operative  release  of  strangulated  bowel 
thi-ough  the  customary-  inguinal  or  femoral  approach  may  be  fraught  with 
difficulty,  and  as  a  result  there  may  be  added  injurj-  to  the  already  dam- 
aged loop  of  bowel.  Even  after  the  strangulation  has  been  reUeved,  there 
may  be  interference  with  circulation  because  of  the  cramped  space  in  which 
the  released  loop  of  bowel  is  confined. 

The  foregoing  or  other  difficulties  encountered  at  the  conventional  op- 
erations for  strangulated  hernia,  require  at  times  an  upward  extension 
through  the  abdominal  wall  of  the  inguinal  or  femoral  incision,  a  procedure 
termed  "herniolaparotomy."  It  would  appear  likely  that,  at  am^  rate  in 
selected  instances,  the  immediate  objective  of  the  release  and  management 
of  the  strangulated  bowel  in  operations  for  strangulated  femoral  or  inguinal 
hernia  could  be  more  promptly  achieved,  and  with  much  less  likelihood 
of  damage  to  compromised  bowel,  by  means  of  immediate  laparotomy. 
In  my  experience  this  method,  as  illustrated  in  the  reported  case,  has 
proven  entirely  satisfactory  in  the  instances  in  which  it  has  been  employed. 
An  additional  advantage  Ues  in  the  abihty  to  inspect  directly  and  ade- 
quately the  full  extent  of  the  visceral  damage  resulting  from  strangulation. 

The  question  of  cure  of  the  hernia  being  secondary,  the  simple  procedure 
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of  drawing  the  hernial  sac  into  the  abdomen  and  ablating  it  should  not  be 
subjected  to  adverse  criticism  even  if  a  recurrence  takes  place.  In  the  case 
of  strangulated  femoral  hernia,  the  likelihood  of  cure  by  means  of  this 
simple  step,  as  employed  in  this  reported  instance,  can  be  regarded  as 
great.  Much  more  uncertainty  concerning  the  result  will  exist  in  the  case 
of  strangulated  inguinal  hernia  treated  bj^  intraperitoneal  ablation  of 
the  sac. 
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I.  THE  CONDITIONS  DETERIMINING  CANCERi 

PEYTON  ROUS,  M.D. 
[From  The  Rockefeller  Institute  for  Medical  Research,  New  York  City] 

Men  never  tire  of  discussing  the  relative  shares  of  heredity  and  environ- 
ment in  making  the  individual  what  he  is.  The  discussion  has  long  since 
been  extended  to  cancer  causation,  and  of  late  very  profitably;  yet  even 
today  the  phj'sician  can  perceive  only  peak  instances  of  the  influence  of 
heredity  to  determine  cancer.  And  while  the  effect  of  environment  is 
more  often  plain  (as  e.g.  in  pipe  smokers'  cancer,  x-raj'  cancer,  etc.),  it  is 
stUl  obscured  from  view  in  most  clinical  histories.  The  resort  to  experi- 
mentation, however,  has  shown  that  the  tendency  to  tumors  can  be  bred 
in  or  out  of  animal  families  at  will,  and  the  purposeful  utilization  of  car- 
cinogenic agents  to  produce  cancer  has  brought  into  the  clear  some  of  the 
most  important  of  the  conditions  which  determine  the  disease. 

Prime  amongst  these  conditions  is  the  presence  in  the  tissues  of  potenti- 
alities for  tumor  formation.  The  response  to  carcinogenic  agents  has  shown 
that  the  animal  body  possesses  such  potentialities  in  enormous  number 
but  that  they  differ  in  character  with  the  species  and  also  in  individuals  of 
the  same  species  but  of  different  familial  strains.  The  liabilitj'  of  an 
individual  to  this  or  that  sort  of  growth  depends  fii'st  of  all  upon  whether 
his  tissues  possess  potentialities  of  the  sort  from  which  it  may  derive. 
Should  this  not  be  the  case,  the  most  persistent  appUcations  of  carcinogens 
will  not  bring  the  tumor  forth.  The  nature  of  the  neoplastic  potentialities 
is  not  yet  known,  but  they  would  appear  to  be  punctate  in  their  occurrence 
in  any  tissue.  They  are  familial;  but  whether  thej'  are  actually  inherited 
is  still  unsettled,  this  being  one  of  the  great  experimental  themes  of  the  day. 
Certain  it  is  that  the  potentialities  of  some  strains  of  mice  to  have  mam- 
mary cancer  are  conferred  after  birth,  reaching  the  j  oung  animals  by  way 
of  the  mother's  milk. 

In  order  that  a  tumor  potentiality,  of  whatever  sort,  may  give  rise  to  a 
growth,  it  must  be  worked  upon  bj-  one  or  another  of  the  manj-  agents 
which  we  speak  of  as  carcinogenic.  They  might  better  be  termed  oncogenic 
agents,  since  they  act  not  onh'  to  change  normal  cells  into  cancer  cells, 
but  into  sarcoma  cells,  endothelioma  cells,  leukemia  cells,  and  so  forth, — 
into  all  the  elements  in  short  which  by  proliferation  form  tumors  in  their 

•Delivered  at  The  Blumenthal  Auditorium.  The  Mount  Sinai  Hospital.  Xew 
York  City,  December  6,  1940. 
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great  diversity.  The  oncogenic  agents  are  notablj^  effective  in  individuals 
with  inherited  tissue  sensitiveness  (as  e.g.  human  xeroderma  pigmentosum, 
in  which  the  skin  is  so  responsive  to  Ught  that  the  exposure  of  everyday 
Hving  brings  on  cancer). 

Often  the  cell  that  has  been  converted  into  a  tumor  cell  by  a  carcinogen 
becomes  at  once  a  going  concern;  it  proliferates  and  a  benign  or  malignant 
growth  is  the  result.  But  in  many  cases  the  cell,  though  rendered  neo- 
plastic, requires  aid  if  it  is  to  assert  itself.  In  the  lack  of  aid  it  may  remain 
latent  throughout  the  life  of  the  individual.  While  this  is  especially  true 
of  the  cells  of  benign  tumors,  cancer  cells  also  may  require  to  be  helped  if 
they  are  to  multiply  into  a  tumor.  A  benign  tumor  cell  that  has 
proliferated,  because  aided  may  undergo  secondary  alteration  to  a  cancer 
cell  and  in  so  doing  gain  greatlj^  in  abilities,  becoming  capable  of  inde- 
pendent growth.  The  help  required  to  enable  tumor  cells  to  assert  them- 
selves need  not  be  specific.  Anything  which  encourages  ordinary  cell 
proliferation  will  do. 

So  dependent  are  some  tumor  cells  on  help  and  so  active  are  they  when 
this  is  afforded,  that  the  question  comes  up  whether  certain  tumors  may 
not  run  a  malignant  course  because  of  extrinsic  influences  which  urge  them 
on.  The  fact  is  well  known  that  intercurrent  infection  with  bacteria  often 
enhances  the  malignancy  of  cancer.  Recently  it  has  been  found  that 
secondary  infection  with  a  virus  causing  cell  proliferation  may  convert 
benign  tumors  (of  unknown  cause)  into  malignant  ones  and  make  growths 
that  are  primarily  cancerous  enlarge  much  faster  and  assume  a  different 
form.    No  doubt  other  agents  will  be  discovered  which  can  act  in  this  way. 

So  many  are  the  conditions  requisite  for  the  occurrence  of  cancer  that  it 
appears  sporadically,  despite  the  innumerable  potentialities  for  it  that  are 
present  in  every  human  body.  Nearly  every  cancer  that  is  seen  in  the 
clinic  is  the  end  result  of  numerous  interacting  influences,  consecutive  and 
concurrent.  To  trace  down  in  the  individual  case  each  and  all  of  these 
responsible  influences  should  be  the  aim  of  laboratory  worker  and  clinician 
alike. 
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II.  THE  KNOWN  CAUSES  OF  CANCERS 

PEYTOX  ROUS,  M.D. 
[From  The  Rockefeller  Institute  for  Medical  Research,  New  York  City] 

Cancer  is  almost  always  the  consequence  of  many  conditions  and  circum- 
stances working  together  for  ill.  The  omission  of  a  single  one  of  these 
factors  may  mean  that  the  disease  will  not  occur.  In  such  instances  the 
missing  factor  must  be  regarded  as  the  determining  cause  of  cancer.  Yet 
though  this  is  the  case  it  cannot  be  deemed  the  actuating  cause  of  the  tumor. 
Given  all  necessarj'  determining,  .contributing  conditions,  what  makes  a 
cell  a  cancer  cell? 

A  great  number  of  agents  are  now  known  which  bring  cancer  on.  They 
are  the  so-called  carcinogenic  substances.  When  they  are  listed  and  com- 
pared with  one  another,  they  are  seen  to  be  widely  diverse  in  character, 
having  nothing  in  common  except  their  results.  Yet  despite  this  hetero- 
geneity, one  can  often  be  substituted  for  another  during  the  long  process  of 
eliciting  cancer,  or  their  action  can  be  summated,  facts  which  indicate 
that  they  work  in  the  same  way  on  the  cells  they  render  neoplastic.  Yet 
the}'  are  notably  non-specific.  Acting  upon  different  kinds  of  animals  or 
upon  those  of  one  kind  but  of  different  familial  strains,  they  call  forth 
tumors  characteristic,  not  of  the  carcinogen  but  of  the  species  or  strain. 
Much  stress  has  been  laid  of  late  on  the  chemical  relations  of  the  carcino- 
gens to  body  stuffs;  and  it  is  certain  that  some  of  the  hormones,  when  pres- 
ent in  excess,  may  bring  about  pathological  changes  in  the  tissues  on  which 
the}'  act,  with  result  that  cancer  arises.  Yet  while  substances  formed 
within  the  organism  may  call  forth  tumors,  it  does  not  follow  that  they  are 
the  intrinsic  cau.se  for  the  neoplastic  state  of  the  cells.  Indeed  the  e\'i- 
dence  is  against  this.  All  of  the  carcinogens  except  the  tumor-producing 
viruses  vanish  from  the  growths  they  have  engendered  as  these  enlarge, 
and  from  the  neoplastic  tissue  nothing  resembling  them  which  will  directly 
produce  cancer  can  be  extracted.  The  generality  of  the  carcinogens  act 
indirectly  by  producing  chronic  tissue  disturbance  on  the  basis  of  which 
tumors  may  arise  after  a  greater  or  less  while;  but  they  do  so  only  if  the 
tissue  in  question  possesses  potentialities  for  their  formation,  these  differ- 
ing with  the  species  and  the  family,  a  fact  brought  out  in  the  last  lecture. 
None  of  the  potentialities  would  ever  become  a  reality  were  it  not  worked 

1  Delivered  at  The  Bliimenthal  Auditorium,  The  Mount  Sinai  Hospital,  Xcw  York 
City,  December  9,  1940. 
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upon  b}'  one  or  another  of  the  numerous  agents,  existing  in  nature  or 
produced  in  the  laboratorj^,  which  have  the  abihty  to  evoke  tumors. 
The  agent,  having  done  its  work,  disappears  from  the  scene,  and  is  of  no 
more  consequence. 

The  action  of  viruses  to  evoke  tumors  is  of  quite  another  kind,  as  shown 
by  the  known  instances  (which  the  lecturer  reviewed).  The  neoplastic 
viruses  are  not  dependent  for  their  effects  upon  such  tumor  potentialities 
as  the  tissue  may  happen  to  possess  but  they  pro\^ide  their  own,  directly 
inducing  neoplastic  change  of  the  cells  upon  which  they  act  and  determin- 
ing the  kind  of  tumor  that  results.  They  accompany  the  cells  which  they 
have  rendered  neoplastic  as  these  multiply  into  tumors,  increase  in  amount 
in  association  with  them,  go  along  with  the  tumor  tissue  when  this  is  trans- 
planted into  new  hosts,  and  can  often  be  recovered  from  it  in  a  state  to 
produce  tumors  of  preciselj'  the  same  kind  on  introduction  into  other 
individuals.  When  they  cannot  be  recovered,  their  presence  can  be  demon- 
strated obliquely,  as  for  example  by  serological  tests.  Though  only  a  few 
tumor-producing  viruses  have  been  discovered  as  yet,  they  command 
attention  as  constituting  the  only  direct  causes  for  neoplasms  that  are  now 
known.  There  is  the  more  reason  to  consider  them  closely  in  relation  to 
tumor  etiology  because  of  the  remarkable,  still  largely  unplumbed,  capabili- 
ties of  viruses  in  general,  and  the  secret  ways  in  which  some  are  transmitted. 
The  sporadic  incidence  of  human  tumors  decisivelj^  rules  out  the  possibility 
that  they  are  consequent  upon  the  direct  transmission  of  viruses  from 
individuals  carrying  them.  As  already  stated,  though,  the  liability  to 
mammary  cancer  in  mice  of  some  strains  is  conferred  on  the  suckling  young 
by  way  of  the  milk;  and  evidence  has  accumulated  that  the  animal  body 
contains  resident  viruses,  just  as  it  contains  resident  bacteria,  which  ordi- 
narily do  no  harm.  These  viruses  gaining  entrance  to  the  body,  perhaps 
shortly  after  birth,  maj^  persist  in  association  with  the  cells  of  this  or  that 
organ,  and  produce  no  injury  unless  subjected  to  exceptional  conditions 
such  as  the  influence  of  the  carcinogens  can  provide.  Then  at  one  spot  or 
another  the  virus  may  undergo  variation,  cease  to  be  a  mere  commensal, 
and  act  to  change  the  cell  with  which  it  is  associated  into  a  neoplastic  cell. 
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Historical.  The  story  of  vitamiB  D  constitutes  one  of  the  most  bril- 
liant chapters  in  modern  medical  history.  Long  before  the  dawn  of  the 
twentieth  century,  cod  liver  oU  had  found  a  place  as  a  valuable  therapeutic 
agent  (Ruth  Guy,  1923).  Early  in  the  nineteenth  centurj--  Trousseau 
(1872)  satisfied  himself,  by  careful  clinical  studies,  of  the  specific  anti- 
rachitic potency  of  this  and  of  other  fish  liver  oUs.  Nevertheless,  as  late 
as  1915  Still  wrote,  "There  seems  to  be  no  specific  \artue  in  cod  liver  oU. 
Any  other  oil  wUl  do  equally  well." 

In  1918  jMeUanby  succeeded  in  producing  rickets  in  puppies  with  a  fair 
degree  of  regularity  by  a  diet  of  separated  milk,  cereal,  lean  meat,  sodium 
chloride,  yeast  and  orange  juice.  To  this  were  added  a  variety  of  oils  or 
fats  known  to  be  deficient  in  fat  soluble  vitamin  A  factor.  Since  this 
diet  contained  an  abundance  of  foods  containing  the  vitamin  B  complex 
as  well  as  vitamin  C,  he  attributed  the  disease  to  the  lack  of  a  fat  soluble 
factor  related  to,  but  probably  not  identical  with,  fat  soluble  vitamin  A. 
The  method  was  too  laborious,  time  consuming  and  expensive  for  general 
vise  in  the  study  of  rickets.  However,  ]\Iellanby  did  establish  the  pre- 
ventive and  curative  value  of  cod  liver  and  of  egg  yolk  and  stressed  the 
deleterious  effect  of  high  cereal  diets.  Soon  after  both  Sherman  and 
Pappenheimer  (1921)  and  McCoUum  and  his  co-workers  (1921  to  1922) 
almost  simultaneously  and  independently  produced  a  florid  type  of  rickets 
with  regularity  m  rats.  Rickets  developed  readilj'^  on  a  high  calcium, 
low  phosphorus  diet  which  was  deficient  in  the  fat  soluble  vitamin  con- 
tained in  cod  liver  oil.  A  less  severe  form  of  the  disease  could  be  pro- 
duced on  a  diet  similarly  deficient  in  fat  soluble  vitamin  but  containing 
an  abimdance  of  phosphate  with  minimal  amounts  of  calcium.  In  1922 
]McCollum  and  others,  demonstrated  the  presence  of  a  calcifj'ing  factor 
in  cod  liver  oil  which  survived  prolonged  heating  and  aeration  that  com- 
pletely destroyed  the  vitamin  A  factor.  They  called  the  new  principle 
"vitamin  D." 

In  the  meantime,  on  the  European  continent  Huldschinskj^  (1919)  had 
succeeded  in  curing  rickets  by  the  exposure  of  infants  suffering  from  this 

1  Lecture  delivered  at  The  Blumenthal  Auditorium  of  The  ]\Iount  Sinai  Hospital 
on  May  21,  1940  as  part  of  the  Symposium  on  Vitamins. 
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disease  to  ultraviolet  light  generated  by  the  mercurj^  vapor  lamp.  He 
used  sunlight  as  well  as  ultraviolet  light  from  artificial  sources.  Hess 
(1925)  then  repeated  his  previously  unsuccessful  experiments  with  sunlight 
alone  and  succeeded  in  cuiing  and  preventing  infantile  rickets.  Two 
schools  of  thought  regartling  the  etiology  of  rickets  arose.  One  group  led 
by  E.  Mellanby  (1918,  1921)  believed  dietary  deficiency  to  be  the  most 
important  factor  in  the  development  of  rickets.  Opposed  to  these  were 
another  group  headed  by  Findlay  (Howland,  1923)  who  insisted  that  diet 
played  but  a  minor  role  and  stressed  the  importance  of  environment,  as 
exemplified  by  sunlight  and  perhaps  fresh  air  and  exercise.  In  some  re- 
spects the  problem  had  become  simplified.  Rickets  could  be  produced 
regularly  by  supplementing  rachitogenic  diets  with  fish  liver  oils  or  egg 
yolk.  In  rats  the  same  measures  were  effective  but  the  disease  could  be 
cured  also  by  correcting  the  mineral  deficiency  alone.  Children  given  cod 
liver  oil  or  egg  yolk  either  did  not  develop  the  disease  or  were  regularly 
cured  of  their  malady.  Eskimos  who  lived  in  darkness  all  but  two  months 
of  the  year  seldom  suffered  from  rickets  because  they  ate  liberally  of  fresh 
fish,  fish  livers  and  fish  liver  oil.  However,  animals  exposed  to  summer 
sunhght  or  to  ultraviolet  light  failed  to  develop  rickets  even  when  fed 
severely  rachitogenic  diets.  Both  infantile  rickets  and  experimental 
rickets  could  be  cured  regularly  by  exposure  to  light  of  certain  wave 
lengths.  Children  of  lower  caste  Hindus  failed  to  develop  rickets  in  spite 
of  an  unhygienic  environment  and  a  miserable  diet,  presumably  because 
they  spent  the  greater  part  of  the  day  in  the  sun.  High  caste  Brahmin 
women  often  developed  osteomalacia  and  their  children  suffered  from 
severe  rickets  because  they  practiced  Purdah  which  necessitated  the  con- 
finement of  both  mother  and  child  indoors  for  years  out  of  reach  of  the 
Sim's  rays  (Hutchinson  and  Shah,  1938).  Comparative  studies  of  the 
healing  effect  of  solar  and  artificial  ultraviolet  light  and  of  cod  liver  oil 
showed  that  all  agents  produced  the  same  type  of  healing  in  the  bones 
and  had  the  same  effect  upon  the  calcium  and  inorganic  phosphorus  con- 
centration in  the  serum.  The  pathology  of  the  healing  process  was 
identical  with  both  methods  of  therapy.  What  did  these  two  methods 
have  in  common? 

The  mystery  was  solved  by  the  observations  made  independently  by 
Hess,  Weinstock  and  Helman  (1925)  and  by  Steenbock  and  Black  (1924, 
1925)  that  food  substances  l)I■e^•iollsly  devoid  of  antirachitic  potency  (vege- 
table oils,  cereals,  milk)  become  antirachitic  when  exposed  to  ultra-violet 
light.  Hess  and  Weinstock  showed  that  skin  similarly  treated  becomes 
antirachitic.  Actinic  rays  of  wa\"e  lengtli  between  240  m^u  and  313  m/x 
acted  upon  something  in  the  skin  to  })roduce  vitamin  D,  and  the  vitamin 
thus  generated  was  absorbed  and  exerted  an  antirachitic  effect.  Here  was 
the  fiist  case  of  a  vitamin  being  generated  in  the  body  by  the  action  of 
light  eneigy  upon  a  mother  substance.    Rickets  was  cured  with  inunc- 
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tions  of  vitamin  D  indicating  that  Adtamin  D  can  be  absorbed  through 
the  skin. 

It  was  only  a  short  and  fairlj'^  ob\dous  step  from  these  discoveries  to 
the  fractionation  of  both  cod  hver  oil  and  activated  oils  and  to  the  dis- 
covery that  antirachitic  potency  whether  present  in  natural  foods  or  ac- 
quu-ed  through  irradiation  resides  in  the  sterol  fraction  of  the  material. 
However,  cholesterol  itself  as  well  as  other  sterols  were  found  to  be  in- 
active. Not  all  sterols  became  active  after  exposure  to  ultraviolet  light. 
In  fact,  cholesterol  when  carefully  purified  by  chemical  treatment  could 
not  be  activated.  Only  such  sterols  as  gave  an  absorption  spectrum  show- 
ing maxima  at  260,  270,  280,  282  and  293.5  m/x  were  activated  by  irradia- 
tion (Pohl,  1926).  After  prolonged  irradiation  the  selective  absorption 
disappeared  and  so  did  the  potentiality  for  activation.  This  pointed  to 
some  impurity  as  being  the  mother  substance.  Finally,  ergosterol,  a  sterol 
first  isolated  from  ergot  hy  Tanret  and  also  present  in  yeasts  and  in  fungi, 
was  found  to  be  the  provitamin. 

In  1930  and  1931  Askew  and  fellow  workers  at  the  National  Institute 
of  London,  prepared  crystals  which  showed  a  potency  of  20,000  to  25,000 
international  units  of  vitamin  D  in  one  milligram.  These  crystals  con- 
tained at  least  two  inactive  contaminants,  pyrocalciferol  and  sterol  "x". 
About  the  same  time,  Windaus,  Linsert  and  Liittringhaus  (1932),  by  an 
entirely  different  method  which  avoided  heat  treatment  of  the  material, 
isolated  what  they  called  vitamin  Di.  This  product  was  no  more  powerful 
than  the  crystals  obtained  previously  by  Askew  and  his  co-workers  and 
in  addition  contained  an  inert  contaminant  which  Askew  designated  as 
sterol  "x",  and  which  Luttringhaus  later  identified  as  lumisterin,  an  isomer 
of  ergosterol,  representing  the  first  product  of  ultraviolet  irradiation.  In 
1932  both  groups  of  workers  obtained  crystals  which  subsequently  proved 
to  be  pure  vitamin  D.  This  product  the  English  workers  designated  as 
pure  calciferol  while  Windaus  and  his  co-workers  reported  it  as  vitamin  D2. 

Since  solutions  of  sterols  from  various  sources  (which  became  anti- 
rachitic after  suitable  irradiation)  gave  in  each  case  the  characteristic 
absorption  spectrum  of  ergosterol,  this  compound  was  considered  almost 
universally  as  the  one  and  onl}'  provitamin  and  "calciferol  new"  or  vita- 
min D2  was  accepted  as  the  only  form  of  vitamin  D.  One  miUigram  of 
pure  calciferol  contained  40,000  International  units  (rat)  of  vitamin  D. 

Multiple  Nature  of  Vitamin  D.  Even  before  the  isolation  and  identifi- 
cation of  calciferol,  Bills  (1935,  1939)  had  succeeded  in  activating  choles- 
terol by  chemical  treatment  and  later  produced  evidence  indicating  that 
the  active  compound  differed  in  its  constitution  from  calciferol  thereby 
indirectly  establishing  the  multiple  nature  of  vitamin  D.  Final  proof  of 
this  fact,  however,  came  through  other  channels. 

In  testing  the  relative  value  of  cod  liver  oil  and  irradiated  ergosterol  in 
the  prevention  of  leg  weakness  in  chickens,  Carrick  (1939)  showed  that 
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cod  liver  oil  when  fed  at  the  same  rat  unit  kn  el  is  much  more  effective 
than  irradiated  ergosterol  or  calciferol. 

Using  this  method  of  dual  assay  Waddell  (1934)  showed  that  when 
cholesterol  obtained  from  animal  spinal  cord  is  irradiated,  the  product 
behaves  like  the  vitamin  D  of  cod  liver  oil  rather  than  like  that  of  irra- 
diated ergosterol.  By  means  of  elaborate  controls  Waddell  (1934)  proved 
this  behavior  to  be  due  to  the  presence  of  different  forms  of  vitamin  D 
in  the  two  preparations.  Furthermore,  irradiated  skin  also  behaved  like 
cod  liver  oil  when  titrated  against  chicken  rickets.  To  date.  Bills  (1939) 
has  described  eleven  different  substances  possessing  antirachitic  activity. 
Four  of  these  have  been  isolated  as  chemicallj-  pure  substances.  The 
mother  substances  of  all  of  these  are  sterols. 

In  1936,  Windaus,  Schenck  and  von  Werder  isolated  the  3-5-dinitro- 
benzoic  acid  ester  of  vitamin  D3  from  which  in  1937  Schenck  obtained  the 
pure  crystalline  vitamin  D3.  This  compound  was  found  to  be  activated 
7-dehydrocholesterol.    One  milligram  assayed  40,000  rat  units  and  was, 

TABLE  1 


Antirachitic  potency  of  various  forms  of  vitamin  D  for  the  rat  and  the  chicken  {after 

Brockman,  1937) 


VITAMIN 

DERIVED  FROM 

int.  units  per  1  mg. 
(rat  assay) 

PHOTECTIVE  DOSE 
FOR  CHICKEN  RICKETS 

D, 

Ergosterol 

40,000 

12.0 

D. 

7-Dehydrocholesterol 

40,000 

0.2 

D4 

22-Dihydroergosterol 

30,000 

1.0 

Ds 

7-Dehydrositosterol 

1,200 

360.0 

therefore,  as  potent  as  calciferol  itself.  Later,  the  same  compound  was 
isolated  from  cod  liver  oil,  tuna  liver  oil  and  halibut  liver  oil  (Brockman, 
1936,  1937).  Bioassaj'  confirmed  the  chemical  and  physical  evidence  of 
the  identity  of  activated  7-dehydrocholesterol  and  the  pure  vitamin  D 
isolated  from  fish  oUs  (Grab,  1936).  At  the  same  rat  unit  level  it  was  as 
potent  as  cod  liver  oil  for  rickets  in  chickens. 

Other  forms  of  vitamin  D  have  been  isolated.  Thus,  Windaus  and 
Langer  (1933)  prepared  vitamin  D4  as  an  irradiation  product  derived 
from  22-dihydroergosterol  and  Linsert  and  Wunderlich  (1936)  prepared 
7-dehydrositosterol  and  from  its  irradiation  product  isolated  vitamin  Dj. 
Since  sitosterol  is  the  provitamin  found  in  cereals  it  is  not  unhkely  that 
activated  cereals  owe  their  antirachitic  potency  to  vitamin  De.  The  rela- 
tive potency  of  these  pure  products  both  for  the  rat  and  the  chicken  are 
summarized  in  the  table  from  Brockman.  To  date  only  calciferol  has 
been  used  clinically  as  such.  Commercial  products  possessing  antu-achitic 
potency  owe  this  either  to  the  presence  of  vitamin  D2  or  D3  or  to  both  of 
these  vitamins. 


CHj 


20  21  22       23  24 

CH3— CH— CH:  CH.  CH.  CH 


19 
CH3I 

/12\/17\ 
a    13  16 

rfj  I  III !  IV 

v^xlal      14  15 


\ 


CH3 


The  sterol  ring  structure.    Side  chain  shown  as  in  ergosterol, 

CH3 

CHsCH'  CH2  •  CH9  •  CH2  •  CH 

I  \ 
CH3I  CH3 


CH; 


OHi 


Cholesterol 


CH3 


CH3  CH.  CH :  CH.  CH2  •  CH 

1  i  ^ 

CH3I  CH3  CH3 


Ergosterol,  lumisterol,  pyrocalciferol  and  isopyrocalciferol. 

CH3 

/ 

CH3.CH.CH:CH.CH— CH 

I  ' 
CH3I  CH3  CH3 


CH 


OH 


Calciferol  Vitamin  D2 
192 


CHs .  CH— CH2 .  CH2 .  CH2 .  CH 

chJ 

/\|/\ 


I 

\ 


CHs 


CH3 


CH: 


OH 


7-Dehydrocholesterol 


CH3  •  CH— CH2 .  CH2— CH2CH 


CH; 


I 

\ 


CH3 


CH, 


CH2I 


OH 


\/\/ 

Activated  7-Dehydrocholesterol  Vitamin  D3 

CH3 

/ 

CH3  CH.  CH2 .  CH2 .  CH.  CH 

I  \ 
CHs  CH3 


OH 


\/\/ 


22-Dihydroergosterol 


CH3 .  CH.  CH2  •  CH2  •  CH.  CH 


CH3 


CH3 


I  \ 
CH3  CH3 


CH 


Activated  22-Dihydro  ergosterol  (22-Dihydro  calciferol),  Vitamin  D4 

193 


CH, 


CHj .  CH .  CH2  CH2 .  CH .  CH 

I  '  ^ 

CH3I  I  CH3 

CM2-CH3 


OH 


Sitosterol 


CH3CH  CHz-CHj  CH.CH 


CH, 


CHa 


CH, 


CH; 


CH2  •  CHa 


OH 


7-Dehydro  sitosterol 


CHaCH- CH2  •  CH2  CH'CH 


CHa 


CHa 


\ 


CH: 


OH 


CH2-  CH3 


CH3 


Vitamin  D5,  Activated  7-Dehydrositosterol 

CH3 


CH3  CH  •  CH :  CH  •  CH  •  CH2 


CH3 


\ 


CHa 


CH2  •  CHa 


CHa 


Stigmasterol 
194 


VITAMIN  D  THERAPY 


195 


CH- 


CHsCH-CHrCH-CH-CH 


\ 


CH- 


CH3 


CH2  ■  CHi 


■3 


CH3 


OH 


\y\/ 


7-Dehydro  stiginasterol 


Nahiral  Sources  of  Vitamin  D.  Among  the  natural  sources  of  vitamin 
D  may  be  listed  fish  oils  including  fish  liver  oils  derived  from  the  cod, 
halibut,  herring,  tuna  and  the  percomorph  family.  Liver  oils  of  many 
fish  contain  varying  amounts  of  both  vitamins  D  and  A  (Hume,  1936, 
1937).  Fish  meat  also  contains  both  vitamins.  Various  factors  influence 
the  amount  of  oil  in  the  livers  and  their  content  of  vitamins  D  and  A. 
Bj'  mixing  oils  of  varying  potency  a  fairly  uniform  product  is  made  avail- 
able in  commerce. 

Egg  yolk  (Branion  and  others,  1934)  is  one  of  the  few  natural  foods 
that  contain  ^'itamin  D  in  sufficient  concentration  to  be  therapeutically 
useful  (C'asparis,  Kramer  and  Shipley,  1923).  Neither  breast  milk  nor 
cow's  milk  contains  significant  amounts  of  vitamin  D.  Cow's  milk  may, 
however,  be  enriched  with  reference  to  this  vitamin  hy  irradiation  of  the 
lactating  animal  or  by  feeding  known  amounts  of  vitamin  D  in  the  form 
of  UTadiated  yeast  mixed  with  a  measured  amount  of  fodder  to  lactating 
cows  (Krauss  and  Bethke,  1937;  AVyman  et  al,  1934).  The  vitamin  D 
content  of  milk  may  be  increased  to  about  125  U.S. P.,  units  per  quart 
by  brief  irradiation  of  a  thin  film  of  milk  with  a  carbon  arc  lamp  (Bethke 
et  al,  1935).  Such  ii-radiation  does  not  alter  the  palatability  or  odor  of 
the  milk  and  exerts  onh'  a  minimal  destructive  action  upon  vitamins  A 
and  C.  The  vitamin  D  content  of  milk  can  be  raised  to  any  desired  level 
by  direct  addition  of  pure  calciferol  in  propylene  glycol,  or  by  homogeniza- 
tion  of  milk  with  cod  liver  oil  concentrate,  irradiated  ergosterol  or  irra- 
diated cholesterol.  Such  milk  is  usually  standardized  to  contain  400  to 
430  U.S. P.  units  of  vitamin  D.  The  antirachitic  potencj'  of  human  milk 
may  be  measurably  increased  by  irradiating  the  nursing  mother  or  by 
supplementing  her  diet  with  cod  liver  oil  or  vitamin  D  milk.  (Shrader, 
1934;  Hess,  Weinstock  and  Sherman,  1927;  Hess,  Light,  Frey  and  Gross, 
1932;  Gerstenberger,  and  others,  1935;  Kramer  and  Gittleman,  1933.) 

Rickets.  Although  a  vast  literature  has  accumulated  dealing  with  the 
dosage  of  vitamin  D  required  for  the  prevention  and  cure  of  rickets,  the 
matter  has  until  recently  been  in  a  most  chaotic  state  (Barnes  and  others, 
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1930).  Many  factors  influence  the  severity  of  the  rachitic  process  and 
its  response  to  treatment.  Rickets  often  fails  to  develop,  or  appears  only 
in  a  mild  form,  in  infants  fed  exclusively  on  breast  milk  although  the  latter 
contains  little  vitamin  D,  indicating  that  dietary  factors  other  than  vita- 
min D  may  play  a  part.  Other  factors  which  no  doubt  influence  the 
severity  of  the  rachitic  process  are  heredity,  rate  of  growth,  race  and  color. 
Negro  children  are  more  frequently  and  more  severely  affected  either  be- 
cause their  diet  is  more  likely  to  contain  an  excess  of  carbohydrate  and  is, 
therefore,  lacking  in  calcium  and  utOizable  phosphorus,  or  because  the 
skin  pigment  absorbs  the  potent  rays  of  the  sun.  The  relative  suscepti- 
bility to  rickets  of  prematurely  born  infants  and  those  of  multiple  births 
has  been  ascribed  to  lack  of  reserve  of  calcium  and  phosphorus,  to  ac- 
celerated rate  of  growth,  as  well  as  to  imperfect  absorption  of  calcium, 
phosphorus  and  fat  soluble  vitamins.  The  inadvertent  administration  of 
vitamin  D,  either  through  diet  or  incidental  irradiation,  complicates  efforts 
designed  to  determine  the  minimal  dose  required  for  prevention  or  cure. 
To  avoid  errors  resulting  from  such  therapy  a  preliminary  observation 
period  of  three  weeks  is  now  employed  in  well  controlled  studies.  If  no 
evidence  of  healing  appears  in  the  radiograph  at  the  end  of  this  period  and 
blood  calcium  and  inorganic  phosphorus  concentrations  remain  unchanged, 
treatment  is  begun.  Results  obtained  through  clinical  studies  in  which 
observers  have  been  cognizant  of  all  the  above  factors  are  now  available. 
The  comparison  of  clinical  potency  of  various  preparations  on  the  basis 
of  the  rat  unit  has  been  of  much  help.  More  exact  control  of  other  fac- 
tors enumerated  above  as  well  as  a  clearer  appreciation  of  the  aims  of 
therapy  and  of  the  criteria  of  diagnosis  has  brought  order  into  the  pre- 
viously confused  subject  of  dosage  (Eliot  and  others,  1936;  Park,  E.  A., 
1940;  May  and  Wygant,  1939). 

Jeans  and  Stearns  (1936,  1938,  1939)  have  summarized  the  aims  of  vita- 
min D  therapy  as  follows:  "Freedom  from  rickets  or  osteoporosis,  good 
growth  and  development,  normal  values  for  serum  calcium  and  phosphorus, 
ample  retention  of  these  elements  for  growing  individuals  and  equilibrium 
for  those  fully  grown." 

The  prevention  of  rickets  does  not  represent  the  maximal  effect  of  vi- 
tamin D  therapy.  Very  small  doses  of  vitamin  D  will  prevent  or  cure  the 
disease  in  the  experimental  animal  without  in  many  instances  increasing 
the  ash  content  of  the  bone  and  without  producing  optimal  growth.  Bone 
salts  made  available  by  solution  of  trabecular  bone  may  be  used  to  re- 
establish calcification  in  the  proliferative  cartilage  thereby  putting  an  end 
to  the  rachitic  process  (Gavins,  1924).  For  optimal  growth  and  mineral- 
ization of  bone  not  only  is  more  vitamin  D  needed  but  also  an  adequate 
amount  of  calcium  and  pho.sphorus.  In  pregnant  women  an  additional 
supply  of  calcium  and  phosphorus  is  needed  for  the  growing  infant  while 
the  lactating  mother  must  have  an  abundant  supply  of  these  elements 
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and  of  vitamin  J)  to  insure  not  only  a  normal  mineral  sui)ply  for  herself 
but  in  addition  an  adequate  amount  for  her  milk.  The  tendency  of  osteo- 
malacia to  develop  or  become  aggravated  in  women  during  pregnancy  and 
lactation  .shows  that  a  strain  upon  calcium  and  phosphorus  metabolism 
exists  which  must  be  fully  met  through  liberal  supply  of  vitamin  D  and 
of  the  elements  upon  which  it  woi-ks  (Maxwell,  et  al.,  1932). 

Certahi  facts  concerning  the  use  of  vitamin  D  in  the  prevention  and 
treatment  of  infantile  rickets  seem  now  to  be  well  established  through  the 
work  of  Martha  Eliot  (1936).  Drake  and  others  (1934,  1937),  of  many 
observei-s  in  this  country  and  of  Hume  (1936)  and  her  co-workers  in 
England. 

Briefly,  the\^  may  be  .summarized  as  follows: 

1.  The  rat  unit  of  vitamin  D  is  a  measure  of  the  antirachitic  potency 
of  a  preparation  in  the  human  being.  When  fed  at  the  same  rat  unit 
level,  cod  liver  oil,  calciferol,  irradiated  ergosterol,  irradiated  cholesterol 
(Hood  and  Ravitch,  1927)  and  various  forms  of  vitamin  D  milk  (Gittleman 
and  Kramer,  1933)  (Gerstenberger  and  Horesh,  1935)  (Wyman  et  al.,  1934) 
are  equally  effective  in  the  prevention  and  cure  of  infantile  rickets. 

2.  Since  cod  liver  oil  concentrate  and  irradiated  milk  owe  their  potency 
to  vitamin  D3  while  metabolized  or  yeast  milk  contains  only  vitamin  D2 
it  must  be  assumed  that  clinically  these  two  forms  of  vitamin  D  are  equally 
effective. 

3.  Under  practical  conditions  a  dose  of  between  400  and  1200  l  at  units 
(U.S.P.)^  or  (International)-  will  prevent  or  cure  at  least  90  per  cent  of 
all  cases  of  rickets  in  both  the  normal  newly  born  and  the  prematurely 
born  infant  (Davidson  et  al.,  1934,  1935,  1937). 

4.  For  comparative  clinical  assay  of  various  forms  of  vitamin  D,  mini- 
mal doses  of  vitamins  should  be  used  rather  than  maximal  amounts. 

5.  Massive  doses  of  chemically  pure  D  vitamins  fed  at  the  same  rat 
unit  level  show  no  difference  in  their  effect  upon  infantile  rickets  either 
with  respect  to  the  time  of  onset  of  healing  or  the  time  required  for  com- 
plete healing  to  take  place. 

6.  With  increasmg  age  smaller  amounts  of  vitamm  D  are  required. 
With  adequate  intake  of  calcium  and  phosphorus,  considerable  retention 
of  these  elements  may  take  place  and  a  normal  blood  plasma  level  maj^  be 
maintained  with  an  intake  of  only  such  an  amount  of  vitamin  D  as  is 
present  in  the  ordinary  well  balanced  diet  (Hunscher,  Macie,  et  al.,  1930, 
1936). 

^  The  accepted  standard  unit  for  expressing  the  strength  of  vitamin  D,  as  adopted 
by  the  United  States  Pharmacopeia,  is  defined  as  the  vitamin  D  activity  of  1  mg.  of 
the  international  standard  solution  of  irradiated  ergosterol,  found  equal  to  0.025 
microgram  of  crystalline  vitamin  D.  This  is  the  international  unit  accepted  as  the 
U.S. P.  unit,  except  that  the  U.S. P.  standard  is  a  reference  cod  liver  oil  that  has  been 
assaj'ed  against  the  international  standard. 
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7.  Since  both  calciferol  (\'itamin  D2)  and  vitamin  Ds  can  be  produced 
artificially  in  the  laboratory  hy  suitable  ii-radiation  of  the  proper  provi- 
tamin (ergosterol  or  7-dehydrocholesterol)  the  differentiation  of  a  natural 
and  an  artificial  vitamin  D  now  has  onh'  historical  but  no  practical  sig- 
nificance. 

Rickets  Resistant  to  Vitamin  D.  'Most  children  with  rickets  respond 
satisfactorily  to  the  usual  therapeutic  doses  of  vitamin  D.  Some  require 
a  larger  dose  indicating  the  presence  of  some  defect  of  intermediary'  me- 
tabolism that  tends  to  perpetuate  the  rachitic  state.  Others  are  wholly 
refractor}'  to  vitamin  D  therapy.  Intensive  studies  on  several  of  these 
patients  have  revealed  much  concei-ning  the  nature  of  the  disease  and  the 
mechanism  of  its  development. 

Prematureh'  born  infants  may  require  large  amounts  of  vitamin  D  for 
protection  against  rickets.  Shelling  (1934,  1936)  found  it  necessarj'  in 
some  cases  to  administer  10  to  60  drops  of  viosterol  daily  (1800  to  12,000 
International  Units)  over  a  period  of  many  months.  The  re.\^on  for  this 
mcreased  requirement  of  the  prematurely  born  infant  is  not  eui^jeh'  clear. 
Rapid  rate  of  growth,  inadequate  intake  of  calcium  and  phosphoius,  poor 
absorption  of  these  minerals  as  well  as  of  I'its  and  fat  soluble  \'itamins 
all  play  a  part. 

Refractory  rickets  may  be  both  chronic  and  severe  (McCune,  Mason 
and  Clarke,  1939;  Goldman  and  Ekstein,  1939).  Cases  have  been  re- 
ported which  began  in  childhood  and  lasted  into  adult  life.  It  is  not  un- 
common for  such  cases  to  last  for  several  years.  The  disease  is  usually 
associated  with  dwarfism  and  retarded  growth  along  with  gross  deformities 
of  the  extremities.  Radiographs  of  the  bones  reveal  striking  rachitic 
changes  mth  bizarre  deformities  and  marked  osteoporosis.  Analj'^sis  of 
the  blood  plasma  regularly  shows  a  low  inorganic  phosphorus  concentra- 
tion with  a  normal  or  somewhat  low  calcium  level.  In  patients  vnth 
celiac  disease  complicated  by  rickets,  the  serum  calcium  level  may  be  be- 
low 7.0  mg.  per  cent  and  tetanj'  is  a  frequent  complication. 

Rachitis  tarda,  or  late  rickets,  (Looser,  1920;  Wieland,  1914)  may  result, 
from  a  number  of  factors.  In  some  instances  treatment  may  have  been 
either  completely  withheld  or  given  in  insufficient  amounts.  Such  cases 
are  quite  unusual  today.  In  most  cases  the  reason  is  not  obvious.  De- 
fective absorption  of  calcium,  phosphorus  and  of  ^'itamin  D  may  play  a 
part.  A  careful  study  of  the  patient  often  reveals  evidence  suggestive  of 
endocrine  unbalance  or  a  disturbance  of  the  acid-base  mechanism.  Cer- 
tain specific  renal  functions  may  be  disturbed  although  the  usual  functional 
tests  reveal  no  abnormalities.  Occasionally,  evidence  of  gross  liver  dam- 
age may  be  obtained.  In  some,  as  yet  imperfecth-  understood,  manner 
this  affects  the  severity  of  the  disease  and  its  response  to  antirachitic 
therapy.  In  celiac  disease,  defective  absorption  of  calcium,  phosphate  and 
vitamin  D  are  doubtless  the  major  factors.    When  concentrated  prepara- 
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tions  of  vitamin  D  are  administered  in  a  dose  of  G0,{)0()  to  100, 000  units 
daily,  healing  soon  begins  (Parsons,  1927).  Parenteral  administration  of 
vitamin  D  is  even  more  effective.  In  addition  the  celiac  condition  must 
receive  appropriate  dietetic  therapy.  In  some  cases  a  chronic  acidosis 
complicates  the  rachitic  condition  (Boyd,  1929;  Bornscheuer,  1931 ;  Stearns 
and  Warweg,  1935)  and  tends  to  perpetuate  the  disease  imless  corrected 
by  a  .supplement  of  alkali  or  the  administration  of  an  alkaline  ash  residue 
diet  in  addition  to  large  do.ses  of  vitamin  D.  In  other  instances  healing 
is  initiated  by  the  administration  of  toxic  doses  of  the  same  vitamin 
1,000,000  to  1,500,000  units  daily  for  a  few  days  (Albright,  Bloomberg 
and  others,  1938).  Later,  the  dose  may  be  reduced  to  safer  levels  and 
healing  will  continue  to  completion.  Liver  damage  may  be  a  factor  in 
maintaining  the  refractory  state,  as  in  children  with  severe  rickets  de- 
scribed by  Gerstenberger  (1933)  and  Thoenes  and  Gunson  (1936),  and 
in  one  case  of  fatal  rickets  with  a  large  hepatoma  reported  b.y  Farber  (1937). 
In  some  instances  the  so-called  "hepatic  rickets"  was  complicated  by 
anomalies  of  the  bile  passages  which  resulted  in  the  exclusion  of  bile  from 
the  gastro-intestinal  tract.  Xo  doubt  the  ab.sence  of  bile  interferes  with 
the  absorption  of  fats  and  indirectly,  perhaps,  of  fat  soluble  vitamin  D. 
In  these  patients,  parenteral  therapy  is  more  effective  than  when  medica- 
tion is  administered  by  the  oral  route.  Albright  and  his  co-workers 
(1937,  1940)  described  a  patient  with  chronic  rickets,  dwarfism,  nephro- 
calcinosis  and  chronic  acidosis  associated  with  chloride  retention.  This 
patient  had  marked  rickets  with  decalcification  of  all  the  bones  although 
areas  of  calcification  were  widespread  in  the  kidneys.  Healing  of  the 
rachitic  state  was  initiated  only  after  the  administration  of  large  doses 
of  vitamin  D  supplemented  with  a  solution  of  citric  acid  and  .sodium 
citrate  which  corrected  the  chloride  acidosis  in  the  blood.  The  titration 
of  the  blood  for  vitamin  D  by  bioassay  has  been  helpful  in  following  the 
absorption  of  the  vitamin  in  cases  of  refractory  rickets. 

DeToni  (1933)  described  a  new  form  of  rickets  in  a  child  (Warkany, 
1930)  whom  he  had  observed  for  .several  years.  The  patient  had  a  glyco- 
suria of  varjang  intensitj^  which  was  independent  of  the  amount  of  carbo- 
hydrate ingested.  The  serum  calcium  was  normal  while  the  phosphorus 
was  low.  The  phosphatase  level  was  increa.sed.  The  case  differed  from 
"renal  rickets"  in  that  there  was  no  evidence  of  renal  damage.  The  urea 
and  non-protein  nitrogen  in  the  blood  were  normal,  the  blood  pre.ssure 
was  normal  and  the  ophthalmoscopic  examination  was  negative.  The 
specific  gravity  of  the  urine  varied  within  wide  limits.  The  patient  showed 
typical  clinical  signs  of  rickets  including  a  "rachitic  rosary,"  enlargement 
of  the  wrists  and  ankles,  "knock  knees"  and  tenderness  on  pressure  over 
the  bones,  dwarfism  and  finally  inability  to  walk.  There  wa.s  little  evi- 
dence of  renal  damage.  Albuminuria  was  present  but  no  casts,  blood, 
or  pus  could  be  demonstrated.    Roentgenographs  of  the  bones  showed 
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marked  osteoporosis  with  tjTjical  rachitic  changes  and  spontaneoas  frac- 
tures. The  writer  was  impressed  hy  the  difference  between  this  disease 
and  cases  prcA-iously  described  a.s  "renal  rickets"  and  by  its  failure  to 
respond  to  large  doses  of  %-itamin  D  (Debre  et  al..  1934;  Schlessinger,  1931; 
UUrich,  1929). 

Fanconi  (1936)  described  thiee  cases,  reported  two  additional  cases 
from  the  Uterature,  and  made  some  elaborate  metabolic  studies.  He 
shoAved  that  although  the  usual  tests  for  kidney  function  revealed  no  e\-i- 
dence  of  renal  damage  and  the  specific  gra\ity  of  the  urine  varied  over 
very  wide  limits  indicating  normal  diluting  and  concentrating  function 
of  the  kidneys,  there  was  obA-iously  a  marked  dLsturbance  in  the  acid  ba.se 
regulatory  function  of  the  kidneys  as  well  as  a  defect  in  intermediary 
metabolism.  The  former  expressed  itself  in  a  fixation  of  the  urinary  pH 
which  did  not  drop  l^elow  pH  6.5  even  after  administration  of  acid  pro- 
ducing salts,  while  the  latter  expressed  itself  first  as  a  glycosuria  which 
varied  in  intensity,  and  secondlA-.  in  the  form  of  a  marked  increase  in  the 
amount  of  organic  acid  in  the  urine.  This  excess  was  as  a  rule  not  due  to 
ketone  acids.  In  A"iew  of  the  inabihty  of  the  kidncA-  to  excrete  an  acid 
urine,  there  was  a  wastage  of  base  including  calcium  in  the  urine  and  a 
large  amount  of  phosphate  buffer  was  made  available  for  the  neutraliza- 
tion of  inorganic  and  organic  acids.  This  explains  the  persistent  hA-po- 
phosphatemia.  Blood  serum  calcium  level  was  usually  normal  or  sUghtly 
reduced.  Blood  sugar  curves  may  be  of  diabetic  character.  One  of 
Fanconi's  cases  showed  nephrotic  changes  in  the  renal  tubules  at  autopsy. 
Gittleman  and  Pincus  (1940)  have  shown  that  the  administration  of  glu- 
cose to  such  a  patient  may  fail  to  produce  the  usual  rL«e  in  the  respiratory 
quotient.  Fanconi  was  imable  to  bring  about  healing  when  sodium  bi- 
carbonate or  sodium  citrate  were  administered  along  with  \-itamin  D. 
Pincus  and  Gittleman  similarly  were  xmsuccessful  with  the  citric  acid  so- 
dium citrate  mixture  described  hy  Shohl  (1937).  Guild.  Pierce,  and 
Lilienthal,  Jr.  (1937)  reported  a  similar  case  in  a  .seventeen  months  old 
girl.  Classical  clinical  signs  of  rickets  were  present,  with  marked  roent- 
genographic  e\"idence  of  both  rickets  and  osteoporo.sis.  The  blood  serum 
calcium  was  8  mg.  per  cent  while  the  inorganic  phosphorus  was  1.3  mg. 
per  cent.  The  phosphatase  level  was  49.9  units.  A  glycosuria  was  pres- 
ent while  the  renal  threshold  for  .sugar  was  low,  i.e..  a  Uttle  less  than  65 
mg.  per  100  cc.  of  blood.  Twenty  to  thirty  grams  of  .sugar  appeared  daily 
in  the  urine.  A  sugar  tolerance  test  showed  a  rapid  rise  of  blood  sugar 
to  180  mg.  per  cent  followed  by  a  fall  within  two  hours  to  .50  mg.  per  cent. 
The  blood  carlx)n  dioxide  combining  power  was  about  30  v  olumes  per  cent. 
Although  twenty  times  the  normal  amount  of  organic  acid  was  excreted  in 
the  urine  the  pH  averaged  only  6.5. 

Singk  Massive  Dose  Therapy.  With  the  de\  elopment  of  highly  potent 
concentrates  of  \-itamin  D,  it  was  thought  po.ssible  to  accelerate  the  healing 


VITAMIN  D  THERAPY 


20! 


process  in  rickets  and  to  insure  protection  foi-  several  months  by  the  oral 
or  parenteral  administration  of  a  single  large  dose.  Since  rickets  tends 
to  develop  in  the  fall  and  winter  or  to  become  active  at  that  time,  only 
to  subside  in  the  sunmier,  it  was  thought  likely  that  such  a  large  dose 
given  in  the  fall  would  insure  protection  for  the  entire  winter  period. 
Studies  conducted  in  out-patient  clinics  indicate  that  many  mothers  fail 
to  cooperate  because  the  antirachitic  agent  must  be  administered  daily 
over  a  period  of  many  months.  It  is  to  this  failure  that  we  must  attribute 
in  large  part  the  occurrence  even  today  of  many  mild  and  moderately 
severe  cases  of  rickets.  The  fear  of  hypervitaminosis  has  been  a  deterrent 
in  the  adoption  of  the  single  massive  dose  treatment  for  general  use. 

In  1928,  Vollmer  (1930,  1938,  1939)  treated  six  rachitic  infants  with 
from  70  to  120  mg.  of  irradiated  ergosterol  administered  in  several  doses. 
Some  of  this  was  administered  subcutaneously  and  some  orally.  The  re- 
sults appeared  to  be  satisfactory.  Reports  of  hypervitaminosis  soon  ap- 
peared in  increasing  numbers,  however,  even  with  the  use  of  ordinary' 
therapeutic  doses  of  the  earlj'  preparations  of  irradiated  ergosterol.  When 
these  early  preparations  were  found  to  contain  toxic  sterols,  the  single 
dose  method  was  promptly  abandoned  (Dale  and  his  co-workers,  1932; 
Ham  and  Lewis,  1934). 

With  the  preparation  of  the  pure  vitamins  D2  and  D3  by  Windaus  (1931) 
and  his  collaborators,  the  possibility  of  using  such  a  large  single  dose 
therapeutically  was  again  brought  forward  and  has  been  explored  by  Har- 
napp  (1936,  1937,  1938),  Schirmer  (1937),  Bischoff  (1937),  Vollmer"(1928, 
1939,  1940),  and  more  recently  by  Strom  (1939),  Amy  Van  Ormondt  (1937, 
1939),  Brockman  (1937,  1938),  Broulke  (1937),  Hartenstein  (1939),  and 
others. 

This  method  of  treatment  is  based  upon  the  observation  (Heyman, 
1937)  that  when  a  single  large  dose  of  viosterol  in  oil,  representing  200,000 
U.S. P.  units,  is  given  to  rabbits  by  stomach  tube  the  vitamin  may  be 
demonstrated  in  the  tis.sues  and  blood  plasma  of  the  animal  for  a  variable 
period  after  administration.  In  brain  tissue  it  can  be  detected  by  bio- 
assay  two  weeks  after  ingestion.  It  is  still  present  in  the  skin  after  six 
to  eight  weeks,  in  the  lungs  and  kidneys  after  nine  weeks;  and  in  the  liver 
and  blood  plasma  at  twelve  weeks.^ 

The  treatment  as  advocated  by  Vollmer  consists  in  the  administration 
of  500,000  to  600,000  units  of  vitamin  D  either  by  mouth  or  by  intra- 
muscular injection  in  a  single  dose.  Occasionally,  this  may  be  administered 
in  two  equal  doses  or  the  dose  may  have  to  be  repeated  in  three  or  four 
months.  Vollmer  maintains  that  such  treatment  initiates  healing  .sooner 
than  when  repeated  small  do.ses  are  administered.    The  mood  of  the  child 

'  Vollmer  administered  several  massive  doses  of  vitamin  D  to  a  child  shortly 
before  death  and  was  able  to  demonstrate  only  about  20  units  of  vitamin  D  per  100  gm. 
of  liver.    Other  tissues  did  not  contain  demonstrable  amounts  of  the  vitamin. 
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improves  within  one  to  three  days,  craniotabes  disappears  in  two  to  three 
weeks,  and  the  inorganic  phosphorus  of  the  serum  returns  to  normal 
within  four  days.  Hyper-normal  values  of  serum  inorganic  phosphorus 
may  appear  but  decline  to  a  normal  level  within  four  weeks.  Serum  cal- 
cium, when  low,  reaches  or  exceeds  the  normal  value  within  two  to  four 
days.  Evidence  of  fresh  calcium  deposition  in  the  proliferative  cartilage 
appears  in  less  than  twelve  days  and  healing  may  be  complete  in  less  than 
six  weeks. 

This  form  of  therapj'  seems  to  be  particularly  valuable  in  infantile 
tetany.  Convulsions  cease  promptly  after  the  administration  of  a  single 
large  dose  of  600,000  international  units,  without  any  other  therapj'.  The 
serum  calcium  may  reach  a  normal  level  within  sixty  hours  to  ten  days. 
Single  massive  dose  therapy  is  effective  in  cases  of  neonatal  tetany  which 
are  often  quite  resistant  to  calcium  chloride.  Abnormal  electrical  reac- 
tions may  disappear  in  a  few  days  or  persist  for  one  or  two  weeks. 

Because  this  method  of  treatment  accelerates  calcification  of  the  ra- 
chitic cartilage  and  bone,  its  use  has  been  advocated  in  thoracic  rickets 
where  there  Ls  danger  to  life  from  the  rachitic  process  itself.  Its  use  has 
also  been  advocated  in  pneumonia  or  whooping  cough  complicating  rickets 
where  prompt  hardenmg  of  the  thoracic  cage  is  essential  to  enable  the 
chest  to  resist  changes  in  atmospheric  pressure  incident  to  respiratory 
effort. 

VoUmer  found  no  toxic  symptoms  in  150  or  more  infants  treated  in 
this  way.  Schirmer  could  find  no  abnormal  electrocardiographic  changes 
following  the  administration  of  similar  large  doses  of  the  vitamin.  On 
the  contrary-,  the  prolongation  of  the  Q-T  interval  frequently  seen  in 
tetany  often  disappears  promptly  after  massive  vitamin  D  therapy.  Voll- 
mer  believes  that  doses  even  larger  than  600,000  units  may  represent  the 
optimum  in  infants  older  than  three  months.  More  recently,  he  has  re- 
ported equally  good  results  in  both  experimental  and  clinical  studies  where 
the  material  was  given  b}-  .subcutaneous  injection.  Satisfactory  results 
with  this  tj'pe  of  treatment  in  the  prevention  of  rickets  have  also  been 
reported  in  the  prematui'eh"  born  infant  by  Carl  Zelson  (1940).  Pre- 
mature infants  i-emained  free  of  rickets  for  two  to  six  months  after  a  single 
large  dose.    Xo  unfavorable  symptoms  were  observed. 

The  fact  that  the  inorganic  phosphorus  occasionally  ri.ses  to  abnormally 
high  levels  and  that  the  calcium  more  frequently  follows  a  similar  course, 
indicates  the  necessity  for  caution  in  the  general  adoption  of  this  method 
of  therapy.  Rickets  is  seldom  a  fatal  disease  and  a  treatment  which  in- 
volves the  risk  of  hypervitaminosis  should  not  be  u.sed  except  where 
special  indications  justify  such  a  procedure.  When  tetany  threatens  or 
is  actually  present  or  where  thoracic  involvement  menaces  the  life  of  the 
patient  or  there  is  danger  of  .severe  rickets  developing  through  neglect, 
the  use  of  this  method  of  treatment  may  at  times  be  justified.    It  is  ad- 
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visablc,  however,  to  w  ait  until  furtlier  ()j)poi  t  unity  has  been  gi\'en  to  more 
fully  explore  the  effects  of  such  large  doses  of  vitamin  D  upon  human 
tissues  before  recommending  its  adoption  for  routine  use.  The  fact  that 
harm  may  follow  the  use  of  large  doses  and  that  even  fatalities  have  been 
seen  after  amounts  far  less  than  the  level  usually  considered  toxic  should 
serve  as  a  warning.  Kerr  (Freyberg  and  others,  1936)  has  reported  a 
fatality  in  an  adult  following  the  accidental  administration  of  a  total  of 
2,300,000  international  units  of  vitamin  D  over  a  period  of  eighteen  days. 
The  early  symptoms  were  vomiting,  nausea,  diarrhea,  polyuria  and  ano- 
rexia. The  patient  died  m  coma.  Albright  and  his  co-workers  have  re- 
ported toxic  symptoms  following  the  administration  of  1,000,000  inter- 
national units  daily  for  several  days.  Increased  excretion  of  calcium  in 
the  urine  along  with  calcium  crystals  and  calcium  casts  were  present  even 
in  the  absence  of  hypercalcemia.  Ross  and  Williams  (1939)  have  described 
hj'pervitaminosis  in  children  treated  for  a  period  of  several  months  with 
20,000  to  40,000  units  of  vitamm  D  daily.  Hypercalcemia  of  18  mg.  per 
cent  with  a  normal  inorganic  phosphorus  in  the  blood  was  present .  Areas 
of  increased  density  were  present  in  the  provisional  zone  of  calcification 
in  the  long  bones.  Proximal  to  these  there  were  areas  of  rarefaction  and 
proximal  to  this  there  was  a  zone  of  increased  density.  There  was  gen- 
eralized periosteal  thickening  with  a  dense  outer  layer  and  a  rarefied  zone 
between  this  and  the  dense  bone.  Malnutrition,  weakness,  muscular 
hypotonia,  peripheral  facial  palsy  and  anemia  were  present  in  one  case 
and  evidence  of  renal  damage  in  two  cases.  There  were  two  deaths  and 
two  recoveries.  All  the  patients  had  anorexia,  \  omiting  and  loss  of  weight. 
Such  cases  must  be  exceptional.  Grayzel,  Shear  and  Kramer  (1931)  have 
administered  60  to  100,000  units  daily  as  irradiated  ergosterol  (Viosterol) 
over  a  period  of  months,  to  children  without  any  demonstrable  deleterious 
effect.  The  concentration  of  calcium  and  serum  inorganic  phosphorus 
remamed  normal.  Xo  abnormal  urinary  findings  were  noted  and  appe- 
tite and  weight  gam  were  all  the  same  as  in  a  control  group  of  children. 
It  must,  however,  be  borne  in  mind  that  certain  children  may  be  unusually 
susceptible  to  vitamin  D.  When  large  doses  of  this  vitamin  are  being 
administered,  repeated  determinations  of  serum  calcium  and  inorganic 
phosphorus  should  be  performed  and.  from  time  to  time,  treatment  should 
be  withheld  for  one  or  more  weeks  to  a\  oid  a  cumulative  effect  of  the  high 
dosage. 

Treatment  of  Miscellaneous  Conditions.  \'itamin  D  prevents  and  cures 
rickets  and  tetany.  Within  the  last  decade  attempts  have  been  made  to 
extend  its  field  of  usefulness.  It  has  been  tried  in  the  treatment  of  in- 
testinal, bone  and  lymph  node  tuberculosis  in  the  hope  of  accelerating  the 
calcification  of  such  lesions  (Crimm,  Grayzel,  and  others,  1931,  1932). 
Its  use  in  the  treatment  of  arthritis  (Reed  and  others,  1939)  grew  out  of 
a  chance  observation  in  which  improvement  (\'rtiak,  1936;  Farley,  1937) 
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of  a  complicating  arthritis  occurred  in  an  allergic  patient  who  was  re- 
ceiving large  doses  of  vitamin  D.  Acne  \TalgarLs,  seasonal  hay  fever 
(Rappaport,  1937;  and  Reed,  1939)  infectious  and  atopic  asthma  and 
urticaria,  calcinosis  universalis  and  psoriasis  have  also  been  similarly 
treated  (Ceder  and  Zon,  1937;  Brunsting,  1938).  \'itamin  D  therap3^ 
(Cornbleet  and  Struck,  1937)  has  been  used  either  to  supplement  accepted 
methods  or  as  the  sole  method  of  therapy  when  other  methods  had  proven 
ineffective.  The  dose  of  A-itamin  D  used  in  most  of  these  cases  varied 
from  40,000  to  250,000  units  daily.  The  higher  dose  is  the  one  u.sually 
used.  Conservative  observers  are  ui  agreement  that  the  results  are  not 
superior  to  tho.se  obtained  by  standard  methods.  The  literature  has  been 
reviewed  by  Reed  and  hLs  co-workers.  It  .seems  doubtful  whether  the 
results  so  far  obtained  justify  the  use  of  a  method  which  possesses  so  much 
potentiality  for  harm. 

In  lead  poisoning  (Sobel  and  his  co-workers,  1940)  the  metal  may  be 
demonstrated  in  the  blood  plasma  and  abnormal  amounts  are  often  present 
in  the  stools  and  urine.  Lead  salts  are  depo.sited  in  the  bones  particularly 
where  active  bone  growth  is  taking  place.  Deposition  and  mobilization 
of  lead  are  influenced  by  the  same  factors  which  affect  deposition  and 
mobilization  of  calcium  salts.  The  influence  of  Adtamin  D  depends  upon 
whether  lead  salts  are  still  being  ingested.  WTien  lead  salts  are  stiU  avail- 
able in  the  gastro-intestinal  tract  the  administration  of  Adtamin  D  favors 
their  absorption  and  raises  the  lead  level  in  the  serum  and  whole  blood, 
and  the  symptoms  of  lead  poisoning  are  aggravated.  Lead  encephalitis 
is  a  frequent  complication.  AMien  lead  is  no  longer  being  ingested  vi- 
tamin D  tends  to  maintain  a  high  concentration  of  serum  inorganic  pho.s- 
phorus  and  lead  concentration  in  the  plasma  is  reduced  while  lead  salt 
depo.sition  in  the  bones  is  increased  (Rappaport  and  Rubin,  1937;  Sobel, 
and  others,  1938). 

"A.T.IO"  (Anti-Tetany)  (Dihydrotachysterol) .  The  formation  of  vita- 
min D  from  pure  ergosterol  by  kradiation  does  not  take  place  by  simple 
com-ersion  of  one  substance  into  the  other.  Several  by-products  are 
formed  in  the  irradiation  process.  Some  of  these  are  inert  while  others 
are  definitely  toxic.  The  order  in  which  these  compounds  appear  is  as 
follows:  ergosterol,  lumisterol,  tachysterol,  calciferol,  toxisterol  (Sub.  248), 
suprasterol  I  and  II.  The  form  of  vitamin  D  developed  is  the  same  no 
matter  what  form  of  radiant  energy  is  used  but  depends  upon  the  chemical 
structure  of  the  provitamin.  However,  the  relative  amount  of  active, 
inactive  and  toxic  material  formed  depends  upon  the  wave  length  of  light 
used,  the  nature  of  the  solvent  and  the  duration  of  the  irradiation.  Earlier 
preparations  produced  symptoms  of  hypervitaminosis  even  when  fed  in 
therapeutic  doses.  This  was  found  to  be  due  to  toxic  sterols  which  had 
a  marked  hypercalcemic  effect  and  at  times  produced  pathological  calcifica- 
tion, but  had  little  antirachitic  action.    Several  of  these  have  been  iden- 
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tified.  Dih3'drotachysterol  is  a  compound  whose  virtue  lies  in  the  fact 
that  it  exerts  a  parath\Toid-hormone-liko  action  when  given  by  mouth. 
It  has  been  designated  as  a  "calcinosis  factor"  because  it  produces  hyper- 
calcemia and  as  "A.T.IO"  because  of  its  anti-tetany  action. 

The  difference  between  the  action  of  "A.T.IO"  (anti-tetany)  parathy- 
roid Iiormone  and  vitamin  D  has  been  summarized  by  Albright  (1938). 
Parathormone  has  no  effect  on  the  absorption  of  either  calcium  or  phos- 
phorus but  mobilizes  calcium  salts  from  the  bones.  It  facilitates  the  loss 
of  phosphate  in  the  urine  and  thus  keeps  the  plasma  inorganic  phosphorus 
concentration  at  a  low  level  or  reduces  a  previously  high  blood  plasma 
phosphorus  enabling  the  calcium  level  to  rise  to  a  normal  value.  In  toxic 
doses  it  produces  a  hypercalcemia  which  may  result  in  metastatic  calcifica- 
tion or  in  a  fatality.  After  repeated  injections  the  body  becomes  refractory 
to  the  hormone.  Parathormone  may  be  ineffective  in  tetany  complicating 
rickets  because  of  a  dearth  of  mobilizable  calcium  in  the  bones  (Hoag, 
1927).  Vitamin  D  improves  the  absorption  of  both  calcium  and  inorganic 
phosphorus  from  the  gastro-intestinal  tract  and  helps  to  deposit  bone  salts 
in  the  cartilage  matrix  and  osteoid  tissue.  The  blood  serum  calcium  and 
phosphorus  are  restored  to  a  normal  level.  With  toxic  doses  hypercalcemia 
is  vei\v  common  while  hyperphosphatemia  is  occasionally  encountered. 
While  more  phosphate  appears  in  the  urine,  vitamin  D  actuallj^  tends  to 
conserve  phosphorus  by  improving  resorption  of  phosphate  from  the 
proximal  convoluted  tubules  of  the  kidney  (Harrison  and  Harrison,  1941). 
"A.T.IO"  occupies  an  intermediate  position  in  its  effect  upon  calcium  and 
phosphorus  metabolism.  Absorption  of  calcium  is  improved  and  hyper- 
calcemia may  follow,  but  bone  salt  deposition  does  not  occur  because 
hypophosphatemia  persists.  Neither  "A.T.IO"  nor  ])arathormone  prep- 
arations should  be  used  in  the  presence  of  active  rickets  since  either  sub- 
stance may  aggravate  the  disease  (Harnapp,  1935). 

Theoretically,  "A.T.IO"  is  the  chemical  of  choice  for  the  treatment  of 
postoperative  or  idiopathic  hypoparathyroidism  (Holtz,  1934;  Reider, 
1933).  When  administered  in  dosage  of  1.0  to  5.0  ml.  of  the  oily  solution 
along  with  2  to  4  gms.  of  a  calcium  salt,  either  as  the  lactate,  gluconate 
or  chloride,  it  quickly  restores  the  hypocalcemia  to  a  normal  serum  cal- 
cium level  without  raising  the  inorganic  phosi^hoius  level.  The  patient 
does  not  become  refractory  to  the  drug  as  with  parathormone.  The  dose 
may  subsequentlj'^  be  reduced  to  1  to  3  cc.  e\  ery  other  day  or  even  once 
a  week.  Treatment  must  be  controlled  by  frequent  determinations  of 
serum  calcium.  Some  recent  studies  indicate  that  good  results  may  be 
obtained  in  the  treatment  of  hypoparathyroid  tetany  with  vitamin  D 
when  administered  along  with  diets  that  are  low  in  phosphorus  to  which 
calcium  salts  have  been  added.  Hypocalcemia  is  corrected  with  no  eleva- 
tion of  plasma  inorganic  phosphorus,  and  the  symptoms  of  tetany  disap- 
pear.   In  view  of  the  toxicity  of  dihydrotachysterol,  the  uncertainty 
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regarding  dosage  and  the  fact  that  good  results  in  the  treatment  of  post- 
operative tetany  may  be  obtained  with  vitamin  D.  calcium  salts  and  low 
phosphorus  diets  it  is  not  surprising  that  the  use  of  dihydi-otachysterol 
has  so  far  been  confined  to  a  few  clinics  (Freyberg.  1936). 
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THE  ORGANIZATION  OF  THE  BLOOD  BANK  AT  THE  MOUNT 

SINAI  HOSPITALi 


Observations  and  Results  from  June  1938  to  June  1940 

X.  ROSENTHAL,  M.D.,  L.  R.  WASSERMAX,  M.D.,  H.  ABEL,  M.D.. 
F.  BASSEX,  M.D.,  and  P.  VOGEL,  M.D.* 

[From  the  Hematology  Laboratory  and  the  Wards  of  The  Mount  Sinai  Hospital] 

With  the  mtroduction  of  blood  groups  by  Landsteiner  (1)  and  Von 
Decastello  and  Sturli  (2)  at  the  beginning  of  the  centun',  and  the  cor- 
roborative reports  of  Jansky  (3),  ^Moss  (-A),  Ottenberg  (5),  and  Ottenberg 
and  Kaliski  in  1913  (6),  blood  transfusion  was  definiteh'  established  as  a 
safe  and  effective  therapeutic  procedure.  As  is  usual  with  any  new 
treatment  or  method,  a  few  j'ears  passed  before  the  therapeutic  value  of 
blood  transfusions  was  recognized.  Whereas  the  early  transfusions  of 
artery  to  vein,  developed  by  Crile  (7),  requu-ed  the  ser\dces  of  a  skilled 
surgeon,  dhect  insertion  of  needles  into  the  vein  of  recipient  and  donor  by 
Lindeman  (8),  and  the  eventual  use  of  the  Lewisohn  citrated  blood  method 
(9)  so  simplified  the  procedui'e  that  transfusion  has  become  a  routine  and 
easilj'  performed  therapeutic  measure. 

With  simplification  of  the  method,  the  number  of  transfusions  given  has 
increased  steadily.  At  The  [Mount  Sinai  Hospital  in  New  York,  an  insti- 
tution with  approximately  500  ward  beds,  the  number  of  transfusions  rose 
from  a  few  each  week  during  the  years  1915  to  1920  to  as  many  as  100  per 
month  during  1937.  This  figure  might  have  been  even  greater  were  it  not 
for  the  fact  that  the  financial  burden  to  the  hospital,  especially  during  the 
period  of  the  depression,  became  too  great  to  keep  up  with  the  demand  for 
transfusions.  Although  in  many  instances  famih'  donors  were  available, 
these  could  not  be  emploj'ed  because  then'  blood  was  not  compatible  with 
that  of  the  particular  patient.  The  blood  bank  appeared  to  offer  a  solution 
to  this  problem  since  blood  could  thus  be  stored  and  made  available  for 
transfusions  at  all  times. 

The  use  of  stored  blood  was  suggested  in  1915  by  Weil  (10)  who  was 
able  to  transfuse  animals  with  blood  stored  in  the  icebox  for  a  period  rang- 
ing from  overnight  to  one  week.  Robertson  (11),  however,  was  the  fii'st 
to  demonstrate  the  efiicacy  of  stored  blood  in  human  beings.  Such  blood 
was  kept  for  only  a  few  days  and  was  employed  in  emergencies  during  the 
first  World  War. 

'  Aided  by  a  grant  from  the  Blood  Transfusion  Betterment  .\ssociation. 
*  With  the  technical  assistance  of  Drs.  J.  Churg,  B.  Pedersky,  M.  Volterra,  and 
P.  Greenberg. 
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The  impetus  to  the  popular  use  of  stored  blood  is  the  result  of  recent 
work  by  numerous  Russian  investigators.  Shamov  (12),  in  1926,  trans- 
fused exsanguinated  dogs  with  blood  removed  from  dogs  as  long  as  six 
hours  after  death  and  subsequently  stored  for  a  number  of  days.  The 
results  of  his  experiments  were  exceptionally  good.  He  showed,  moreover, 
that  such  blood  had  normal  oxygen-carrjdng  capacity  and  its  administra- 
tion was  followed  by  a  rise  in  hemoglobin.  In  1930,  Yudin  (13),  using 
Shamov's  experiments  as  a  basis  for  similar  work  in  human  beings,  success- 
fullj'  transfused  fresh,  citrated  cadaver  blood  into  patients.  Later,  car- 
daver  blood,  stored  for  as  long  as  three  weeks,  was  found  to  be  effective. 

These  interesting  results  were  carried  a  stage  further  by  the  finding  of 
spontaneous  fibrinolj'sis  by  Skundina  in  1935  (14).  This  spontaneous 
liquefaction  of  the  coagulum  occurs  in  blood  withdrawn  from  persons  who 
have  died  suddenly  and  is  probably  due  to  a  proteolytic  enzyme  released 
into  the  blood  after  death. 

The  use  of  cadaver  blood  was  not  popular  except  in  certain  restricted 
centers,  and  this  circumstance  led  to  the  employment  either  of  stored  blood 
obtained  from  volunteer  donors  or,  in  certain  instances,  of  placental  blood. 

The  first  blood  bank  was  organized  in  Leningi  ad  by  Filatov  and  Depp 
in  1932  (15).  The  transfusions  were  limited  in  amount  to  200  to  400  cc. 
Small  transfusions  of  250  cc.  of  blood  varying  in  age  from  2  to  18  days  were 
given  in  a  small  series  of  43  cases.  Chills  occurred  in  only  five.  Glucose- 
citrate  mixtures  employed  as  anticoagulants  caused  50  per  cent  reactions. 
Other  blood  banks  were  started  in  Chicago,  Philadelphia,  Memphis,  and 
shortly  thereafter  in  New  York  City.  All  these  reports  confirmed  the 
favorable  opinion  of  Fantus  (16)  and  of  Fantus  and  Schirmer  (17). 

During  this  period  (1937  to  1939)  studies  were  being  made  in  our  labora- 
tory on  the  efficacy  of  stored  blood  transfusions  in  comparison  with  fresh 
blood  transfusions.  At  the  same  time,  experimental  observations  were 
carried  out  on  the  morphological  and  chemical  changes  in  stored  blood. 
These  results,  as  well  as  the  modus  operandi  of  the  blood  bank,  form  the 
basis  of  this  article. 

Procedure.  Blood  for  the  bank  is  obtained  as  a  voluntary  donation 
from  friends  and  relatives  of  patients  in  need  of  transfusion.  These  donors 
are  given  appointments  to  appear  at  the  phlebotomy  sessions  which  are 
held  three  times  a  week  at  stated  hours.  In  order  to  concentrate  all  pro- 
cedures in  one  unit,  a  special  seven-bed  ward  with  an  icebox  capable  of 
storing  150  pints  of  blood  at  2  to  4°C.  was  made  available.  Donors  are 
registered,  typed,  and  examined  before  phlebotomies  are  performed.  The 
rapid  slide  method  of  typing  (Coca)  is  used.  High  titre  serum  furnished 
by  the  Blood  Transfusion  Betterment  Association  is  employed.  Question- 
able groupings,  which  occur  rarely,  are  checked  by  the  Schiff  Modification 
of  the  Landsteiner  tube  method  (18). 

After  a  brief  experimental  period,  during  which  various  types  of  contain- 
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ers  were  tested  (Erlenmeyer  flasks,  Patented  closed-system  flasks),  it  was 
decided  that  the  simple  open-system  with  the  use  of  a  quart-size  Mason  jar 
was  most  satisfactory.  ThLs  container  is  the  least  expensive,  is  easiest  to 
clean  properly,  and  occupies  little  space  in  the  icebox  (fig.  1).  A  critical 
analj'sLs  of  oiu-  results  o\  er  a  period  of  two  \'ears  has  ser\^ed  to  confirm  our 
decision  concerning  the  use  of  the  open-system. 

The  phlebotomies  are  performed  in  the  following  manner:  After  .surgical 
preparation  of  the  arm  with  iodine  and  alcohol  from  axilla  to  wrist,  and 
careful  draping  of  the  arm,  a  13  to  15  gauge  Luer  needle  with  an  8  inch 
latex  rubber  tubing  attachment  is  inserted  into  the  vein  through  a  pro- 
cainized  skin  area. 

The  blood  is  collected  in  a  Mason  jar  to  which  has  been  added  50  cc.  of 
3.8  per  cent  sodium  citrate  solution.    In  addition,  blood  is  collected  in  two 


small  test  tubes,  one  of  which  is  attached  to  the  jar  for  subsequent  use  in 
cross-agglutination  or  matching.  The  second  tube  is  sent  to  the  serology 
department  for  the  Kahn  test.  Bloods  gi\'ing  a  positive  Kahn  reaction, 
instead  of  being  discarded,  are  sent  to  the  bacteriologj'  laboratory  for  use 
in  culture  media.  If  blood  has  not  been  used  for  transfusion  within  10 
days,  the  plasma  is  siphoned  off,  diluted  with  an  equal  volume  of  physio- 
logical saline  solution,  and  stored  for  use  as  an  infusion  in  the  treatment  of 
shock  and  nephrosis,  and  in  pre-  and  postoperative  supportive  therapy. 

When  the  blood  is  dispensed,  the  pilot  tube  is  removed  and  sent  to  the 
laboratory,  where  it  is  retyped  and  cross-matched  with  the  patient's  blood. 
The  jar  of  blood  is  removed  from  the  icebox  and  allowed  to  stand  at  room 
temperature,  awaiting  the  report  on  compatibility.  Xo  other  method  of 
warming  the  blood  is  advised.  Although  Vaughan  (19)  and  Riddell  (20) 
have  advised  warming  the  blood  to  40°C.,  we  feel  that  this  procedure  is 


Fig.  1.  Photograph  of  apparatus 
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not  only  unnecessary  and  tinie-consuming,  but  may  lead  to  serious  conse- 
quences, as  Baker  (21)  has  reported.  On  the  other  hand,  DeGowin, 
Hardin,  and  Swanson  (22)  have  shown  that  the  administration  of  cold 
fluids,  even  at  a  rapid  rate,  has  little  or  no  efifect  on  the  circulator}^  system 
and  the  general  condition  of  the  patient.  Lewisohn  and  Rosenthal  (24) 
and  Goldhamer  (23)  have  offered  confirmatory  reports.  Before  use,  the 
blood  is  filtei'ed  through  two  laj^ers  of  washed  gauze  into  special  500  cc. 
beakers  which  have  been  pre\-iously  autoclaved  for  this  purpose.  It  is 
then  poured  dii-ectly  into  the  open  gravity  tube  and  given  at  any  rate 
desired  by  means  of  the  intravenous  drip  method  (Hj'man  and  Hirshfeld 
(25)).  It  must  be  emphasized  that  the  cleansing  of  the  apparatus,  as 
described  by  Lewisohn  and  Rosenthal  (24)  and  stressed  by  Riddell  (20) 
and  Fantus  and  Schirmer  (17),  is  especialh'  important  in  reducing  reactions 
to  a  minimum.  In  brief,  this  method  requires  that  all  apparatus  used  for 
intravenous  infusions,  glassware,  rubber  tubing,  and  needles,  be  washed 
with  tincture  of  green  soap  and  rinsed  with  tap  water.  This  material  is 
next  boiled  for  5  minutes  in  0.1  per  cent  sodium  hydroxide,  rinsed  in  dis- 
tilled water,  packed  into  bundles,  and  autoclaved.  The  sodium  citrate 
solution  (50  cc.  of  3.8  per  cent)  is  prepared  each  week  by  the  hospital 
pharmacy.  Freshly  distilled  water  and  chemicalh'  pure  sodium  citrate  are 
used.  The  solution  is  filtered  and  autoclaved  in  two  ounce,  capped  bottles 
immediately.    After  one  week,  all  unused  citrate  solution  is  discarded. 

In  instances  when  it  is  felt  that  a  particular  patient  may  require  a  trans- 
fusion during  or  following  an  operation,  the  compatibility  test  is  performed 
in  advance,  so  that  the  blood  may  be  given  on  short  notice  without  delay. 
In  these  cases  only  a  portion  of  the  blood  from  the  pilot  tube  is  removed 
for  the  cross-matching;  should  the  blood  be  returned  unused  to  the  active 
portion  of  the  bank,  enough  blood  would  thereby  be  left  in  the  pilot  tube 
for  later  cross-matching  against  serum  of  another  patient. 

Analysis  of  results.  In  order  to  determine  the  value  of  stored  blood, 
numerous  studies  were  made  on:  1)  the  effect  of  transfusion  of  stored  blood 
of  varvTing  ages  on  recipients;  2)  the  morphological,  bacteriological,  and 
chemical  changes  in  the  stored  blood  itself.  Patients  were  examined  before 
and  after  transfusion  for  changes  in  hemoglobin,  red  blood  cell  count, 
hematocrit  and  icterus  index,  and  a  careful  analysis  of  the  patient's  symp- 
toms and  temperature  chart  was  made  to  determine  the  existence  of  even 
the  sUghtest  reaction.  On  the  stored  blood  itself  the  following  studies 
were  made  at  regular  intervals:  complete  blood  count,  fragility  test,  pro- 
thrombin time,  pH,  oxygen-carrying  capacity,  concentration  of  glucose, 
lactic  acid,  and  antibody  content.  Urobilinogen  determinations  of  the 
urine  and  stool  following  the  transfusion  of  blood  of  various  ages  were 
completed.  They  form  the  basis  of  a  separate  report,  but  they  will  be 
briefly  summarized  here. 

The  principal  indications  for  transfusion  are  blood  loss, — medical  or 
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surgical, — shock,  infection,  anemia,  or  any  combination  of  these  conditions. 
Appraisal  of  the  value  of  transfusion  given  for  any  of  these  reasons  may  be 
judged  by  the  cUnical  response  as  well  as  by  the  changes  in  the  blood  count. 
Since  the  introduction  of  transfusion  with  stored  blood,  doubt  has  arisen 
whether  or  not  the  beneficial  effect  of  this  type  of  blood  is  as  great  as  that 
of  fresh  blood.  In  an  effort  to  throw  some  light  on  this  problem,  a  study 
was  made  of  240  transfusions  of  stored  blood,  with  reference  to  changes  in 
the  hemoglobin,  red  blood  cell  count,  and  hematocrit  index  at  definite 
intervals  after  transfusion  compared  with  pre-transfusion  \'alues.  Because 
certain  cases  receiving  stored  blood  were  found  to  have  developed  transient 
icterus  shortly  after  transfusion,  a  study  of  the  icterus  index  was  under- 
taken at  the  same  time  (table  1,  fig.  2). 


Fresh  1     23456     789    10  11 
Days  ol"  storage 

Fig.  2.  Average  change  in  resistance  of  stored  red  blood  cells  to  hypotonic  saline. 
Average  rise  in  icterus  index  24  hours  following  transfusion  of  blood  stored  for  periods 
varying  from  1  to  11  days. 

Methods.  Analyses  were  made  on  oxalated  venous  blood,  to  which  1 
drop  of  20  per  cent  potassium  oxalate  solution  was  added  to  each  5  cc.  of 
blood.  Specimens  were  taken  from  the  patients  before  transfusion  and  1, 
3,  and  8  days  after  transfusion.  In  some  cases  in  which  multiple  trans- 
fusions were  given  this  routine  could  not  be  followed  and  such  patients 
were  studied  daily. 

The  hemoglobin  determinations  were  done  by  means  of  the  IClett  photo- 
electric hemoglobinometer  and  the  results  were  determined  in  grams  of 
hemoglobin  per  100  cc.  The  red  blood  cell  counts  were  carried  out  in  the 
usual  manner,  Hayem's  solution  being  used  as  the  diluent.  The  counting 
chambers  and  pipettes  were  standardized  equipment.  The  hematocrit 
determinations  were  made  in  Wintrobe  tubes  which  were  centrifuged  for 
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45  minutes  at  1200  revolutions  per  minute.  In  the  determinations  of  the 
icterus  index,  the  modified  acetone  method  was  used  (26). 

Results.  The  240  transfusions  studied  were  administered  to  115  un- 
selected  patients.  Sixty-three  patients  received  .single  transfusions  and 
the  remaining  fifty-two  patients  received  from  two  to  eleven.  The  age 
of  the  stored  blood  varied  from  1  to  11  days  in  220  of  the  transfusions, 
fre.sh  blood  being  used  in  the  other  twenty  (table  1). 

Table  1  shows  average  results  in  the  full  series  of  240  transfusions  classi- 
fied according  to  the  age  of  the  blood  when  dispensed.  Tran.sfusions  with 
blood  of  all  ages  showed  a  rise  in  the  blood  figures  24  hours  later.  The 
blood  examinations  made  3  days  following  transfusion  likewise  showed  a 
further  rise  over  the  pretransfusion  level,  except  in  the  11-day-old  blood, 
whereas  the  8  day  observation  revealed  a  still  greater  rise  in  some  groups 
and  a  slight  drop  in  others.    The  transfusions  of  fresh  blood  gave  the 

TABLE  2 


Average  change  in  hemoglobin  {grams  per  cent),  red  cell  count,  and  cell  volume  in  various 
conditions  following  transfusion  of  stored  blood 
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Infection 

11.1 

4.07 

31.5 

11.6 

4.28 

33.5 

11.5 

4.52 

36.5 

9.8 

3.82 

29.5 

40 

Surgical 

8.1 

3.94 

31.5 

11.2 

4.27 

32.5 

11.0 

4.3 

32 

11.3 

4.6 

33 

36 

Malignant 

7.7 

3.18 

26 

9.6 

3.7 

29 

9.4 

3.8 

29 

9.2 

4.4 

30 

35 

Bleeding 

6.8 

2.96 

21 

7.3 

3.36 

22 

8.6 

3.5 

26 

9.4 

3.73 

30 

44 

Blood  dyscrasia 

6.5 

2.32 

20 

7.7 

3.2 

23 

7.7 

3,3 

23 

7.9 

3.42 

30 

greatest  rise  of  any  group,  but  otherwise  there  was  no  correlation  between 
the  age  of  the  blood  and  the  height  of  the  rise.  The  reason  for  this  ap- 
parent inconsistency  is  probably  due  to  the  type  of  case  making  up  a 
particular  group. 

An  analysis  of  results  according  to  diagnosis  is  presented  in  table  2. 
The  cases  were  divided  into  five  main  diagnostic  groups  for  this  purpose, 
namely, 

1.  Infection  (85  transfusions) — sepsis,  pneumonia,  subacute  bacterial 
endocarditis,  rheumatic  heart  disease. 

2.  Surgical  (40  transfusions) — pre-operative  and  postoperative  suppor- 
tive treatment. 

3.  Malignancy  (36  transfusions) — carcinoma,  sarcoma,  of  any  type. 

4.  Bleeding  (35  transfusions) — acute  or  chronic  hemorrhage. 

5.  Blood  dyscrasia  (44  transfusions) — leukemia,  thrombopenic  purpura. 
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An  average  result  of  the  85  transfusions  given  for  infection  showed  a 
very  slight  rise  in  hemoglobin,  red  blood  cell  count,  and  hematocrit  in  the 
first  three  days  after  transfusion  and  a  drop  to  below  the  initial  figures  by 
the  eighth  day.  The  Indk  of  the  transfusions  in  this  group  were  adminis- 
tered to  patients  with  subacute  bacterial  endocarditis,  who  were,  at  the 
same  time,  being  gi\en  radiotherapy.  i)hysiotherapy,  and  sulfanilamide. 
It  is  felt  that  these  other  forms  of  tlierapy  tietracted  from  the  full  i)onefit 
afforded  the  patients  by  the  transfusions.  .\11  the  other  groups,  however, 
showed  a  rise  during  the  ]ieriod  of  observation  which  was  well  maintained 
throughout.    The  greatest  ri.se  was  found  in  Group  II  (svugical  ca.ses). 

The  study  of  the  change  in  the  icterus  index  in  the  full  group  of  240 
tran.sfusions  (table  1,  and  fig.  2)  showed  a  consistent  increase  in  the  index 
24  hours  after  transfusion.  Blood  stored  for  5  days  or  less  produced  mini- 
mal increase,  blood  aged  5  to  8  days,  a  somewhat  greater  increase,  and  that 
stored  more  than  8  days  the  most  marked  change.  In  all  groups  it  was 
noted  that  the  icterus  resulting  was  transient  in  nature,  and  a  return  to 
normal  figures  was  practically  universal  by  the  third  day  (table  1). 

The  observations  in  oiu-  series  of  stored  blood  transfusions  revealed  ex- 
ceedingly favorable  results.  The  majoi  ity  of  patients  so  transfused  showed 
a  rise  in  the  blood  count  and  hematocrit  value  immediately  after  the  pro- 
cedure which  was  well  maintained  throughout  the  period  of  observation. 
It  is  true  that  by  the  eighth  tlay  there  was  a  slight  droj)  from  the  initial 
post -transfusion  rise  in  most  cases,  but  Sibley  and  L\mdy  (27),  in  a  study 
of  fresh  cit rated  blood  transfusions,  found  a  similar  drop  after  one  week. 

Blood  stored  up  to  the  tenth  day  produced  comparable  results  in  (mr 
cases  insofar  as  the  rise  in  hemoglobin  was  concerned,  although  this  rise 
was  not  quite  so  great  as  in  the  control  series  f)f  fiesh  blood  tran.sfu.sions. 
The  various  diagnostic  groups  responded  well  except  in  the  ca.'^es  of  infec- 
tion, in  which  other  forms  of  therapy  influenced  the  results. 

Transient  icterus  after  the  use  of  .stored  blood  has  been  observed  by 
Grosdov  (28)  and  Yudin  (29).  The  latter  ob.ser\  e(l  jaundice  in  five  cases 
transfused  with  cadaver  blood  which  was  between  two  and  three  weeks  old. 
This  blood  contained  no  anticoagulant.  He  concluded  that  the  blood 
.should  be  administered  before  it  has  reached  ten  days  of  age.  Fox  (29) 
reports  an  incidence  of  14  per  cent  post-tran.sfusion  jaimdice  in  patients 
receiving  stored  blood,  contra.sted  with  an  incidence  of  only  3  per  cent 
jaundice  following  fresh  blood  transfusion.  Belk,  Henry,  and  Rosen.stein 
(30),  however,  find  no  greater  increase  in  jaundice  when  stored  blood  is 
used  instead  of  fresh  blood. 

Our  rasults  show  a  definite  relationship  between  the  age  of  the  blood 
and  the  rise  in  the  icterus  index.  Whereas  the  fresher  blood  produced 
almost  no  increase  in  the  index,  blood  older  than  five  days  showed  a  tend- 
ency to  produce  a  progressively  greater  rise  as  it  aged.  The  parallelism 
between  the  curve  of  the  icterus  index  rise  and  that  of  the  fragility  of  the 
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red  blood  cells  in  stored  blood  is  quite  striking  (fig.  2).  The  obvious  con- 
clusion is  that,  as  the  blood  ages,  the  older  red  cells,  being  more  fragile, 
are  disintegrated  to  a  greater  degree  in  the  recipient  following  transfusion, 
liberating  free  hemoglobin  and  giving  rise  to  icterus.  This  phenomenon  is 
discussed  more  fully  later. 

Analysis  of  reactions.  The  cause  of  transfusion  reactions  remains  ob- 
scure. Lewisohn  and  Rosenthal  (24)  showed  that  proper  cleansing  of 
apparatus  was  most  important  in  reducing  the  number  of  reactions  to  a 
minimum.  However,  in  spite  of  this  attempt  by  us  to  clarify  the  situation 
there  was  still  an  incidence  of  chills  of  1  to  2  per  cent  and  a  total  of  all 
reactions  of  13.8  per  cent  at  this  hospital  before  the  institution  of  the  blood 
bank.  Some  investigators  insisted  that  reactions  were  due  mostly  to 
minor  blood  group  incompatibilities  involving  the  M  and  X  and  Ai  and 
A2  factors.  We  have  on  hand  much  unpublished  data  to  show  that  these 
factors  are  of  little  consequence  and  rarely,  if  ever,  are  the  cause  of  reac- 
tions, minor  or  major. 

The  use  of  universal  donors  whose  serum  contains  high  titre  agglutinins 
is  also  not  important  in  the  causation  of  transfusion  reactions,  as  shown 
by  Rosenthal  and  ^'ogel  (56).  Not  only  is  the  dilution  of  the  serum  in 
the  recipient's  blood  stream  sufficient  to  obviate  this  factor,  but  in  addition 
Levinson  and  Cronheim  (31)  have  .shown  that  the  serum  and  tissues  of  the 
recipient  contain  adequate  neutralizing  power  for  these  transfused  iso- 
agglutinins. 

The  RH  agglutinin  of  Landsteiner  and  Weiner  (57)  has  recently  been 
found  to  be  a  most  important  factor  as  a  cause  of  transfusion  reactions  in 
patients  receiving  repeated  transfusions.  RH  negati^•e  recipients  when 
tran.sfused  repeatedly  with  RH  positive  blood  may  become  sensitized  by 
the  antigen  and  develop  anti-RH  agglutinins  (58).  Similarly  Levine  and 
Stetson  (59)  have  shown  that  sensitization  of  an  RH  negative  mother  may 
occur  by  means  of  an  RH  positive  fetus.  One  of  us  (P.  V.)  has  had  a 
number  of  cases  in  which  RH  agglutinins  present  in  the  serum  of  the  re- 
cipients was  responsible  for  hemolytic  transfusion  reactions.  With  the 
use  of  blood  from  RH  negative  donors  no  further  reactions  occurred  in 
these  patients. 

According  to  Bender  (32)  hemolysis  of  the  red  blood  cells  releases  a  sub- 
stance capable  of  causing  constriction  of  the  iris  of  a  cat's  denervated  eye. 
Further  investigations  of  this  parasympathomimetic  substance  by  Bender 
and  Wachtel  (33)  have  proved  it  to  be  a  lecithin-like  compound.  The 
type  of  transfusion  reaction  may  depend  therefore  to  a  large  extent  upon 
the  amount  of  lecithin-like  substance  liberated  from  the  hemolyzed  cells. 

Reports  of  reactions  following  the  use  of  stored  blood  for  transfusions 
indicate  an  incidence  which  varies  from  1  or  2  per  cent  to  as  much  as  50 
per  cent,  depending  upon  the  observer.  Most  American  workers,  how- 
ever, have  found  a  more  or  less  uniform  percentage  of  reaction  varying 
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from  5  to  10  pei-  cent.  Thus  Diggs  and  Keith  (34)  reported  a  total  reac- 
tion percentage  of  6.7.  DeGowin  and  Har(Hn  (35)  found  not  more  than 
about  3  per  cent,  with  1.4  per  cent  of  chills;.  Belk,  Hemy,  and  Rosenstein 
(30)  reported  jaundice  or  hemoglobinuria  in  seven  of  400  "bank"  trans- 
fusion.-^  and  an  incidence  of  all  other  reactions  of  10. 0  per  cent. 

During  the  hrst  two  year  period  of  operation  of  the  blood  bank,  a  total 
of  4,034  transfusions  were  given,  46  per  cent  Group  O,  37  per  cent  Group  A, 
13  per  cent  Grouj)  B,  and  4  per  cent  Group  AB.  For  the  six  month  period 
immediately  preceding  the  institution  of  the  blood  bank,  a  study  of  1,000  * 
fresh  citrated  blood  transfusions  showed  reactions  totaling  13.9  per  cent 
of  which  2.5  per  cent  were  chills.  Similai'ly,  1,000  cases  analyzed  imme- 
diately following  the  establishment  of  the  blood  bank  showed  an  almost 
equivalent  number  of  reactions  totaling  13.4  per  cent  of  which  2.4  per  cent 
were  chills.  The  type  of  reaction  varied  somewhat,  however  (see  table  3), 
jaundice  following  1.6  per  cent  of  the  stored  blood  transfusions  and  absent 


Comparison  of  incidence  of  reactions  following  transf  usions  of  bank  blood  and  of  fresh 

cilruled  blood 
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following  fresh  transfusions.  The  incidence  of  chills  was  approximately 
the  same  (2.5  per  cent).  Subsequent  analysis  revealed  that  as  the  age  of 
the  blood  increased  there  was  an  apparent  increase  in  percentage  and  types 
of  reaction.  Although  Figure  3  cannot  be  considered  a  true  graphic  repre- 
sentation because  of  the  small  number  of  tran.sfusions  given  of  blood  stored 
for  longer  periods,  there  is  a  significant  increase  in  the  percentage  of  reac- 
tions (table  4,  and  fig.  3).  As  the  blood  ages  there  is  an  apparent  increase 
in  all  types  of  reaction.  Becau.se  of  this  increase  in  undesirable  response, 
the  age  of  blood  dispensed  was  limited  to  ten  days.  With  this  change  of 
procedure  a  sharp  diop  in  reactions  occurred  so  that  our  total  percentage 
now  has  dropped  from  14.7  per  cent  to  an  average  of  5.7  per  cent  per  month. 
The  total  number  of  reactions  of  all  types  was  381  or  an  average  of  9.4 
per  cent.  Semi-annual  averages  of  all  transfusion  reactions  have  shown 
a  steady  decrease.  For  the  first  six  month  period  there  was  an  average 
of  14.6  reactions,  for  the  second  .six  month  period,  11.1  per  cent,  for  the 
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thii-d  six  month  period,  7.4  per  cent,  and  for  the  fourth  six  month  period, 
5.7  per  cent. 

The  number  of  cases  of  jaundice  has  decreased  markedly.  This  jaun- 
dice was  apparently  due  to  the  liberation  of  hemoglol)in  from  the  oldei-, 
more  fragile,  red  blood  cells  which  disintegrated  within  the  blood  stream 
of  the  recipient.  Most  instances  of  jaundice  occurred  in  po.stojjerative 
cases.    The  slight  depression  in  liver  function  following  anesthesia  was 

Per  cent 
50 


Aqe  of    OlFlllllllllUllllllltTTTll  rniiiiiiiiiiiiiiHiiiiiii^^^m— IIM 
blood,(kiy5.  Tresh  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20 

Ho.  of  tra&9(uau»3  107S38}17iJ7400  4U  330  3Z7  262  208  173eSM3Z2213    6    S    S    7  4 

Fig.  3.  Percentage  and  type  of  reaction  following  transfusion  of  blood  stored 
from  1  to  20  days. 

presumably  .sufficient  to  permit  the  rapid,  tliough  transient,  accumulation 
of  bilirubin  in  the  blood  stream  producing  jaundice. 

It  is  obvious  that  familiarity  with  the  procediue  and  limitation  of  the 
age  of  blood  dispensed  to  10  days  have  been  important  factors  in  reducing 
the  percentage  of  reactions  to  about  one-third  of  the  original  level. 


MORPHOLOGICAL  CHANGES 


Method  of  study.  Blood  collected  from  thirty-one  donors  was  reserved 
for  experimental  purposes.  All  specimens  were  collected  in  the  routine 
manner  in  Mason  jars  to  which  had  been  added  sufficient  sodium  citrate 
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to  make  the  final  dilution  0.38  per  cent.  After  thorough  mixing  samples 
were  removed  from  each  jar  immediately  after  collection,  and  placed  in 
100  cc.  Erlenmeyer  flasks.  These  were  examined  at  regular  inter\'als  along 
with  other  samples  removed  from  the  original  Mason  jar  at  the  same  time 
for  comparison.  Slight  variations  between  the  two  samples  did  occur  but 
were  within  the  experimental  error.  Although  Depp  (36)  and  others 
assert  that  shaking  of  the  flasks  causes  an  increase  in  hemolysis,  w  e  have 
been  unable  to  find  any  important  difference  between  specimens  removed 
before  and  after  slight  shaking.  Rous  and  Turner  (37)  and  DeGowin, 
Harris,  and  Plass  (38)  have  reported  findings  similar  to  ours. 

Fragility.  Blood  samples  to  be  tested  were  washed  vAXh  0.89  per  cent 
saline  until  the  supernatant  plasma  was  clear.  Three  washings  were 
usually  sufficient.  0.1  cc.  of  a  20  per  cent  suspension  of  cells  was  then 
added  to  2  cc.  of  hypotonic  saline  in  dilutions  ranging  from  0.24  to  0.72 

TABLE  5 


Changes  in  hemogram  in  blood  stored  1-11  days 


DATS 

1 

3 

5 

7 

9 

11 

Hemoglobin  in  per  cent  (Sahli)  . . .  . 

90 

90 

90 

90 

90 

90 

Red  blood  cells  in  millions  per 

cu.mm  

4.65 

4.50 

4.25 

4.10 

3.95 

3.86 

White  blood  cells  per  cu.mm  

6000 

2100 

2000 

2000 

1950 

1900 

Platelets  in  thousands  per  cu.mm.. 

170 

120 

80 

70 

50 

40 

Total  neutrophiles  

(3600) 

(1764) 

(105) 

(40) 

(19.5) 

Xeutrophiles,  percentage  of  white 

blood  cells 

60 

42 

5 

2 

1 

1 

Lj'mphocytes,  percentage  of  white 

blood  cells  

.30 

50 

95 

98 

98 

98 

Fragility  to  hypotonic  saline  

0.44 

0.48 

0.56 

0.68 

0.72 

0.72 

per  cent  and,  after  mild  agitation  to  insure  thorough  mixing,  the  contents 
of  the  tubes  were  centrifuged  at  a  low  speed.  The  occurrence  and  degree 
of  hemolysis  were  noted. 

An  increased  susceptibility  to  hemolysis  was  evident  by  the  third  day 
and  advanced  rapidly,  so  that  by  the  tenth  day  even  normal  saline  caused 
marked  laking  of  cells  (table  5  and  fig.  2).  Rous  and  Turner  (37) ;  Scudder, 
Drew,  Corcoran,  and  Bull  (39) ;  Kolmer  (40) ;  G^^•ynn  and  Alsever  on  pla- 
cental blood  (41);  Belk,  Henry,  and  Rosenstein  (30);  and  Depp  (36)  have 
reported  similar  results. 

The  increased  hemolysis  is  apparently  related  to  a  disturbance  of  the 
electrolyte  balance  between  cell  and  plasma.  Rous  and  Turner  demon- 
strated that  the  rate  of  hemolysis  is  increased  by  the  addition  of  electro- 
lytes to  the  blood.  Although  no  definite  changes  in  the  stroma  of  the  red 
blood  cells  have  been  described,  physico-chemical  changes  in  the  cell  mem- 
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brane  undoubtedly  occur  with  a  resultant  increased  fragility  of  the  cells 
in  hyi)otonic  saline. 

Rous  and  Turner  showed  that  the  addition  of  glucose  to  blood  rendered 
incoagulable  by  sodium  citrate  decreased  the  rate  of  hemolysis.  Robert- 
son (11),  employing  this  method  of  preservation,  found  it  necessary  first 
to  remove  the  supernatant  plasma  before  using  the  blood  because  of  its 
large  volume  and  high  concentration  of  sodium  citrate.  Depp  (36)  and 
Duran,  Aleu,  and  Sarda  (42)  found  that  a  glucose-citrate  solution  preserved 
cell  elements  longer  and  DeGowin,  Harris,  and  Plass  (38)  have  indicated 
that  a  modified  Rous-Turner  solution  is  most  efficacious  in  reducing  the 
rate  of  hemolysis. 

Investigations  following  the  u.se  of  IHT  solution  haxe  given  conflicting 
results.  Bagdassarov  (43)  and  ^'aughan  (19)  have  found  that  with  the 
use  of  IHT  solution  there  was  a  decrease  in  the  rate  of  hemolysis.  How- 
ever, Lindenbaum  and  Stroikova  (44),  as  well  as  many  American  observers, 
found  that  the  solution  of  the  Moscow  Institute  of  Hematology  gave  no 
better  results  than  sodium  citrate  and  was  not  as  good  as  glucose-citrate. 

For  the  past  few  months  we  have  been  employing  DeGowin's  glucose- 
citrate  mixture  in  a  few  blood  specimens  and  our  findings  are  similar  to  his. 
The  rate  of  hemolysis  is  diminished  but  changes  in  the  platelets  and  white 
cells  continue  as  in  the  case  of  sodium  citrate  without  glucose. 

After  5  to  10  days  of  storage,  citrated  blood  kept  at  2  to  4°C.  shows  a 
diffusion  of  hemoglobin  pigment  into  the  supernatant  plasma.  The  effect 
of  this  free  hemoglobin  on  the  patient  is  of  little  or  no  significance.  Otten- 
berg  and  Fox  (45)  showed  that  a  considerable  amount  of  hemoglobin  (72 
mg.  per  kg.  of  body  weight  in  women  and  92  mg.  per  kg.  body  weight  in 
men)  must  be  present  in  the  blood  stream  before  the  renal  threshold  is 
exceeded  with  subsequent  appearance  of  free  hemoglobin  in  the  mine. 
Thus  hemoglobinuria  occurs  rarely  and  only  when  accompanied  by  a  severe 
chill,  rise  in  temperature,  and  marked  intravascular  hemolysis. 

Hemoglobin,  red  blood  cells,  white  blood  cells,  platelets,  and  differential 
counls.  Hemoglobin  values,  as  determined  by  the  Sahli  method  and 
oxygen  capacity  of  the  blood  (\'an  Slyke),  remained  unchanged  (fig.  5). 
Reports  from  other  laboratories  have  been  confirmatory.  The  erythro- 
cytes, however,  began  to  hemolyze  soon  after  withdrawal  from  the  donor 
and  tliis  hemolysis  continued  at  a  slow  rate  as  long  as  observed,  .\fter 
10  days  the  red  blood  cells  had  decreased  almost  one  milUon  per  cubic 
millimeter.  The  decrease  in  red  cells  coincides  with  the  increase  in  fragil- 
ity of  the  erythrocytes  (table  5,  and  figs.  2  and  4).  Smears  were  made  at 
daily  intervals  and  the  red  and  white  blood  cells  examined.  Although 
measurements  of  cell  diameters  were  not  made,  the  red  cells  appeared 
larger  and  an  increasing  number  of  "ghost  forms"  were  present  after  the 
third  day. 

The  leucocytes  followed  a  fairly  typical  course.    Within  3  days  the 
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leucocyte  count  had  dropped  to  an  average  of  2,100.  This  initial  rapid 
decrease  in  total  white  cells  is  due  to  a  disappearance  of  polymorphonuclear 
neutrophiles  from  the  blood.  The  average  total  polymorphonuclear  count 
decreased  from  3,600  per  cubic  millimeter  to  approximately  20  per  cubic 

Average  Change  of  Hemogram  in  Stored  Blood 


— °Lympho.  k].) 
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(thousands) 
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Days  1       3       5       7       9       II      13      15      17      19      El  23 
Fig.  4.  Changes  in  hemogram  in  blood  stored  1  to  11  days 

Three  Typical  Curves  Showing  Changes  of  Qacose, 
Lactic  Acid.  pH  and  Oxygen  Carrying  Capacity 


Lactic  acid 


Glucose 


"3S  30- 

O  10- 
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18  20 


Fig.  5.  Three  typical  curves  showing  changes  in  glucose,  lactic  acid,  pH,  and 
oxygen-carrying  capacity  in  blood  stored  1  to  22  days. 

millimeter  \\dthin  10  days  (table  5,  and  fig.  4).  Significant  degenerative 
changes  were  observed  morphologically  in  the  neutrophiles,  which  may  be 
correlated  with  the  decrease  in  opsonic  index  found  by  Kohner  (40).  The 
nuclei  of  the  cells  became  pycnotic  and  shrunken.  The  cytoplasm  became 
vacuolated  and  disintegrated,  leaving  naked,  shrunken  nuclei  as  the  last 
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remnant  of  the  cell  structure.  The  eosinophiles  and  basophiles  degenerated 
more  slowly,  at  a  rate  approximately  equal  to  that  of  the  lymphocytes. 
These  cells  also  showed  similar  degenerative  changes  as  the  time  of  storage 
increased. 

Soon  after  withdrawal  of  the  blood  the  platelets  began  to  clump  and 
disintegrate.  At  the  end  of  5  days  only  50  per  cent  remained  intact,  and 
at  the  end  of  10  days  less  than  one-third  could  be  counted.  If  the  small 
fibrin  clots  occurring  in  any  blood  collected  with  an  anti-coagulant  are 
examined,  many  clumped  platelets  will  be  found  enmeshed  in  the  hbrin. 

Results  similar  to  the  above  have  been  obtained  by  Bagdassarov  (43); 
Drew,  Edsall,  and  Scudder  (46);  Belk,  Henry,  and  Rosenstein  (30); 
Kolmer  (40). 

Chemical  studies.  Determinations  of  lactic  acid,  glucose,  pH,  and  oxy- 
gen capacity  were  made  on  three  specimens  of  blood  at  regular  intervals. 
Figure  5  illustrates  the  typical  changes  encountered. 

Lactic  acid  determinations  were  made  according  to  the  gasometric 
method  of  Avery  and  Hastings  (47),  glucose  determinations  according  to 
the  Folin-Wu  method  (48),  and  pH  determinations  by  means  of  the  glass 
electrode.  The  oxygen-carrying  capacity  was  determined  by  the  Van 
Slyke  and  Xeill  method  (49). 

Blood  sugar  levels  were  determined  immediately  after  withdrawal  and 
at  regidar  intervals.  It  was  found  that  no  significant  decrease  occurred 
if  sodium  fluoride  in  sufficient  concentration  was  added  and  the  blood  ex- 
amined within  24  hours.  Determinations  on  blood  drawn  occasionally 
late  at  night  and  rendered  incoagulable  with  fluoride  could  thus  be  made 
the  following  day.  Subsequent  determinations  were  made  on  citrated 
blood.  (Samples  of  blood  were  collected  in  separate  30  cc.  test  tubes  and 
examined  at  regular  daily  intervals.) 

The  glucose  disappeared  rai)idly  from  the  stored  blood.  Within  48 
hours  the  blood  sugar  had  dropped  from  an  initial  le\  el  of  95  to  115  mg. 
per  cent  to  between  30  and  55  mg.  per  cent.  The  fall  continued  until  the 
eighth  day,  when  further  (l('t(>rminations  were  too  low  to  be  recorded 
accurately. 

With  the  glycolysis  a  sharp  lise  in  lactic  acid  occurred.  The  initial 
level  of  about  10  mg.  per  cent  was  found  to  be  50  to  60  mg.  per  cent  in  24 
hours  and  the  rise  continued  until  at  the  end  of  17  days  the  lactic  acid  was 
found  to  vary  between  148  to  170  mg.  per  cent. 

The  buffering  ability  of  the  blood  remained  fairly  uniform,  however,  and 
pH  levels  varied  between  7.8  and  7.4.  The  citrate  u.sed  had  a  pH  of  7.83 
and  at  the  end  of  2  weeks  was  more  or  less  unchanged. 

Prothrombin.  Reports  on  prothrombin  changes  in  stored  blood  have 
been  variable.  Rhoads  and  Panzer  (50)  were  the  first  to  demonstrate  a 
depletion  in  the  prothrombin  content  of  stored  blood.  They  found  a  40 
per  cent  drop  within  3  days  of  storage  and  a  progressive  decline  thereafter. 
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They  concluded  that  blood  stored  longer  than  3  days  was  of  slight  thera- 
peutic value  in  cases  of  jaundice  with  a  prothrombin  deficiency.  Quick 
(51)  supported  the  above  view  and  advised  the  use  of  fresh  blood  in  cases  of 
jaundice  with  bleeding.  DeGowin,  Harris,  and  Plass  (52)  showed  that  the 
prothrombin  disintegrated  slowly,  remaining  at  about  50  per  cent  of  the 
normal  level  at  the  end  of  twenty  days.    Ziegler,  Osterberg,  and  Hovig 

(53)  found  that  the  plasma  prothrombin  diminished  slowly,  so  that  by  the 
thh'ty-sixth  day  40  per  cent  of  the  total  still  remained.    Lord  and  Pastore 

(54)  found  that  blood  stored  nine  days  contained  75  per  cent  of  the  total 
prothrombin  and  felt  that  it  was  an  adequate  source  of  prothrombin. 
Rheinhold,  Valentine,  and  Ferguson  (55)  reported  a  drop  to  73  per  cent 
of  the  normal  prothrombin  in  blood  stored  three  days,  and  to  55  per  cent 
in  six  to  seven  days,  but  felt  that  their  results  on  blood  used  within  three 
days  were  good.  The  results  of  our  own  prothrombin  studies  are  in  accord 
with  the  more  favorable  reports. 

Specimens  from  three  donors  were  obtained  under  sterile  conditions  at 
each  phlebotomy  session  and  kept  in  the  blood  refrigerator  at  a  temperature 
of  2  to  4°C.  Thirty  specimens  of  blood  were  obtained  in  this  fashion  over 
a  period  of  21  days.  At  the  end  of  this  period,  three  specimens  each  of 
fresh,  3,  5,  7,  9, 12, 14, 16,  19,  and  21-day-old  blood  were  available.  Quick's 
method  was  followed  in  every  respect,  except  that  citrated  plasma  was 
used  instead  of  oxalated  plasma. 

The  same  thromboplastin  was  used  throughout  the  series.  The  only 
possible  variation  was  in  the  individual  bloods.  To  overcome  this,  an 
average  prothrombin  time  was  determined  from  the  three  different  bloods 
of  each  age  period.  It  was  found  that  individual  variations  were  almost 
negligible.  From  each  average  prothi'ombin  time  the  prothi-ombin  index 
and  the  prothrombin  concentration  in  the  plasma  were  obtained. 

In  order  to  determine  whether  there  was  any  difference  in  prothrombin 
concentration  in  citrated  blood  fresh  citrated  blood  was  diluted  with  vary- 
ing portions  of  the  same  plasma  in  which  the  prothrombin  had  been  pre- 
viously inactivated  by  heating  and  compared  with  oxalated  blood.  The 
results  obtained  paralleled  closely  those  obtained  by  Quick  with  oxalated 
plasma.    The  prothrombin  index  is  obtained  by  the  following  equation: 

p  J  _    control  (seconds)  ^ 
unknown  (seconds) 

These  studies  reveal  that  a  deficiency  in  prothi'ombin  does  occur  but 
that  it  is  not  evident  until  the  seventh  day.  If  these  findings  represent 
the  effectiveness  of  stored  blood  in  improving  coagulation,  then  one  may 
assume  that  through  the  first  five  days  stored  blood  is  as  beneficial  as  fresh. 
On  the  seventh  day  the  concentration  was  found  to  be  only  60  per  cent  of 
normal.    There  is  a  progressive  drop  from  then  on  (fig.  6). 

Inasmuch  as  a  prothrombin  deficiency  is  so  frequently  the  only  important 
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variation  from  normal  in  the  laboratory  findings  in  jaundiced  patients, 
aside  from  the  jaundice  itself,  it  seems  wise  at  this  time  to  use  bloods  less 
than  a  week  old  in  such  cases. 

Antibody  content.  Transfusions  have  been  employed  to  a  great  extent 
as  a  supportive  measure  in  severe  infections.  There  is  no  doubt  that  the 
beneficial  action  of  transfused  blood  is  dependent  not  only  on  the  correc- 
tion of  anemia,  if  present,  but  also  on  the  bactericidal  and  bacteriostatic 
action  of  the  serum.  The  phagocytic  activity  of  the  white  cells  is  rela- 
tively unimportant  because  of  the  small  number  introduced  during  the 
course  of  a  transfusion.  Kolmer  has  shown  that  serum  complement  in  the 
presence  of  citrate  is  preserved  in  an  unchanged  state  for  two  to  three  weeks. 

Average  Changes  of  Prothpombin 
in  Stored  Blood 


I  I  I  1  I  \  I  I  I  \  L_  I 

Days    2       4       6       8       10      12      14      16       18      20  -22 

Fig.  6.  Average  change  in  prothrombin  in  blood  stored  1  to  21  days 

The  protein  pattern  of  stored  blood  or  serum  remains  unchanged  for 
months.  Since  antibodies  are  associated  with  the  globulin  fraction,  it  was 
felt  that  these  too  should  show  no  change.  Our  results,  compiled  with  the 
assistance  of  ]Mr.  Charles  Greenwald  of  the  New  York  City  Department  of 
Health,  confirmed  this  view. 

Twelve  specimens  of  bank  blood  were  tested  for  diphtheria  antitoxin 
content  by  combining  1  cc.  of  plasma  with  varjnng  minimum  lethal  doses 
of  diphtheria  toxin  and  injecting  the  mixture  into  guinea  pigs.  Four  of 
these  specimens  did  not  protect  against  one  miniraum  lethal  dose  of  toxin, 
three  specimens  protected  against  2  to  3  minimum  lethal  doses  of  toxin, 
and  two  specimens  protected  against  6  to  8  minimum  lethal  doses  of  toxin. 

For  the  first  four  months  there  was  no  noticeable  diminution  of  potency 
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in  any  of  the  specimens.  By  this  time  all  the  specimens  were  hemolyzed. 
After  the  fifth  month,  the  specimen  that  neutralized  6  minimum  lethal 
doses  of  toxin  showed  a  loss  of  about  15  per  cent  of  its  neutraUzing  value. 
Since  no  decrease  occurred  in  the  antibody  tested,  it  was  assumed  that  other 
circulating  antibodies  acted  similarly.  It  was  concluded,  therefore,  that 
the  antibodies  found  in  circulating  blood  show  no  significant  change  and 
are  active  in  protecting  against  their  specific  antigens. 

Urobilinogen  elimination.  An  increase  in  hemolysis  in  the  blood  stream 
is  always  accompanied  by  an  increase  in  the  urobihnogen  content  of  the 
urine  and  stool.  A  fairly  accurate  method  is  thus  available  for  measuring 
the  length  of  survival  in  the  recipient  of  transfused  blood  since  rapid  de- 
struction of  the  transfused  red  blood  cells  would  be  accompanied  by  a 
correspondingly  rapid  conversion  of  the  free  hemoglobin  to  bilu-ubin  and 
urobilinogen.  Quantitative  studies  were  undertaken  with  Watson's  modi- 
fication of  Terwen's  method.  Three  patients  suffering  from  aplastic 
anemia  were  treated  with  transfusions  of  blood  of  varying  ages.  Fresh 
blood  caused  no  increase  in  urobilinogen  content  of  the  urine  and  stool 
during  a  period  of  1  week  following  the  transfusions.  As  the  age  of  the 
blood  increased,  an  increase  in  pigment  excretion  occurred  that  was  directly 
proportional  to  the  age  of  the  blood.  The  increase  was  rapid,  occurring 
within  24  to  48  hours,  and  assumed  large  proportions  in  blood  more  than 
two  weeks  old.  Our  results  thus  show  that  freshly  transfused  red  blood 
cells  have  a  longer  life  in  the  recipient  than  those  of  stored  blood. 

SUMMARY 

A  review  of  the  results  of  two  years'  experience  with  a  blood  bank  indi- 
cates that  it  is  an  important  and  integral  part  of  a  hospital.  It  has  solved 
not  only  a  financial  problem  but  has  made  transfusions  available  in  un- 
limited numbers  to  ward  patients. 

Simple  procedures  in  collecting,  storing,  and  dispensing  blood  have 
proved  of  greatest  value.  The  open-system  has  been  found  most  adequate 
and  in  not  a  single  instance  has  there  been  any  e^'idence  of  bacterial  con- 
tamination of  blood  kept  at  2  to  4°C.  over  a  period  of  weeks.  The  intra- 
venous drip  method,  previously  suggested,  is  another  simple  procedure 
which  has  been  followed  by  good  results. 

The  Kahn  reaction  on  the  donor's  blood,  as  well  as  compatibility  tests 
between  the  donor's  and  the  patient's  blood,  are  imperative.  There  has 
not  been  a  single  case  of  transmitted  lues  over  this  two  year  period ;  further- 
more, no  other  serious  effects  from  any  transfusion  from  the  blood  bank 
have  occurred. 

Chemical  and  morphological  changes  take  place  in  stored  blood,  but 
these  are  not  of  such  consequence  that  they  contraindicate  its  use  in  trans- 
fusion, especially  in  respect  to  its  most  important  indications,  shock  and 
hemorrhage.    In  non-surgical  conditions,  in  which  the  question  of  the  red 
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blood  cell  count  is  of  consequence,  it  must  be  conceded  that  fresh  blood  is 
more  desirable.  This  is  brought  out  by  experimental  studies  on  the  com- 
parative effects  of  fresh  and  stored  blood  on  the  hemoglobin,  icterus  index, 
and  urobiUnogen  excretion  of  the  recipient.  The  results  indicate  that 
stored  red  blood  cells  are  more  rapidly  eliminated  from  the  blood  stream 
than  fresh  red  blood  cells.  Coagulation  factors  of  the  plasma,  especially 
prothi-ombin,  and  bactericidal  factors,  remain  fairly  potent  during  the  first 
seven  days  of  storage.  It  should  be  emphasized,  however,  that  blood 
stored  up  to  ten  days  is  still  very  useful  in  blood  transfusion.  After  the 
ten  day  period,  it  need  not  be  entu-ely  discarded  since  the  plasma  can  be 
removed  and  made  available  for  use  in  cases  of  shock,  hemorrhage,  and 
nephrosis. 
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CLINICAL  PATHOLOGICAL  CONFERENCE 


George  Baehr,  M.D.,  and  Paul  Klemperer,  M.D.,  presiding 

Wednesday,  November  29,  1939 

Multiple  ^Myeloma  with  Cord  Involvement 
[From  the  Neurosurgical  Service  of  Dr.  Ira  Cohen] 

History  (Adm.  444777;  P.M.  11289).  A  fifty-six  year  old  white  man 
entered  the  hospital  for  the  first  time  on  August  21,  1939.  He  had  pneu- 
monia with  pleurisy  four  months  before  admission.  Shortly  after  this 
illness  he  noted  low  back  pain  which  radiated  down  the  back  of  his  left 
leg.  For  the  last  seven  weeks  prior  to  admission  this  pain  had  steadily 
increased  in  intensity,  ^\"as  aggravated  by  flexion  of  the  back,  and  was  asso- 
ciated with  weakness  of  the  lower  extremities.  For  the  last  ten  days  he 
had  urinary  retention,  dribbling,  and  inability  to  control  the  anal  sphincter. 
The  illness  caused  a  weight  loss  of  twenty  pounds. 

Examination.  The  patient  was  a  chronically  ill  man.  The  urinary  bladder  was 
distended.  The  sacro-iliac  joints  were  tender  to  percussion.  The  Lasegue  sign  was 
bilaterally  positive.  The  anal  sphincter  was  lax  and  easily  admitted  three  fingers. 
There  was  wasting  of  the  muscles  of  both  legs,  with  weakness,  diminished  knee  jerks 
and  absent  ankle  jerks.  There  was  hyperesthesia  over  the  distribution  of  the  left 
sacral  fourth  and  fifth  nerves.  The  clinical  impression  was  a  spinal  cord  tumor  of 
undetermined  type. 

Laboratory  data.  The  hemoglobin  was  68  per  cent  (Sahli);  white  blood  cells, 
14,800  with  62  per  cent  polj^morphonuclear  leucocytes.  The  blood  chemistry  findings 
were  normal.  The  urine  concentrated  as  high  as  1.020,  contained  a  trace  of  albumin, 
occasional  red  blood  cells  and  white  blood  cells,  and  on  culture  B.  coli  and  entero- 
coccus  were  demonstrated.  X-ray  studies  of  the  bladder  revealed  several  large 
diverticulae.  X-ray  examination  of  the  spine  and  sacrum  showed  hypertrophic 
spondylitis. 

Course.  A  residual  urine  of  18  ounces  was  found.  Cystoscopy  revealed  edema  of 
the  floor  of  the  bladder  involving  the  sphincter.  Several  diverticulae  were  visualized. 
A  bilateral  vas  ligation  was  then  performed.  Simultaneous  pressure  studies  of  the 
cerebrospinal  fluid  from  the  first  and  fifth  lumbar  vertebrae  were  done.  There  were 
no  significant  findings.  The  Pandj'  test,  however,  was  4  plus.  Shortlj-  after  the  vas 
ligation,  the  patient's  condition  became  poor.  He  had  fever  for  a  prolonged  period 
and  a  urinary  infection  was  suspected.  During  this  episode  he  had  a  300  cc.  hemor- 
rhage of  bright  red  blood  from  his  bowel.  The  exact  source  of  this  bleeding  was  not 
determined.  Lipiodol  studies  of  the  spinal  cord  were  then  done.  \  filling  defect 
suggesting  a  neoplasm  was  demonstrated  in  the  extreme  lowermost  portion  of  the 
spinal  cord.  .\n  exploratorj-  laminectomy  from  the  fourth  lumbar  vertebra  to  the 
second  sacral  was  performed  and  an  extremely  large,  malignant-looking,  extra-dural 
tumor  was  found.  This  was  inoperable  and  a  biopsy  was  taken.  The  patient  left 
the  table  in  poor  condition  and  died  in  a  few  hours  despite  supportive  therapy. 
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Necropsy  findings.  Dr.  Klemperer.  The  lower  lumhiir  vertebrae  and  sacrum  were 
largely  invaded  and  destroyed  by  multiple  myeloma.  The  tumor  almost  completely 
filled  the  presacral  area,  and  the  cauda  equinus  was  imbedded  within  it.  Multiple 
myeloma  were  also  found  in  the  rib.^  and  ilium.    The  other  organs  were  negative. 

Comment.  Dr.  Baehr:  I  would  like  to  ask  our  roentgenologist,  Dr.  Suss- 
man,  why  this  lesion  was  not  demonstrable  roentgenographically.  I  realize 
that  the  recognition  and  differential  diagnosis  of  destructive  bone  lesions 
is  difficult. 

Dr.  Suss7nan:  This  was  a  definite  error  of  interpretation.  Large  clear 
areas  were  seen  in  the  sacrum.  They  were  interpreted  as  gas  bubbles  in 
the  intestine.  However,  we  now  know  that  these  clear  areas  were  due  to 
sacral  destruction.  The  lesions  in  the  iliac  bone  were  not  revealed  by  x-ray 
examination.  The  x-ray  studies  were  repeated  after  the  death  of  the 
patient,  with  similar  negative  results. 

Dr.  Wechsler:  Urinary  difficulty  may  occur  early  in  si)inal  cord  lesions. 
Rectal  incontinence  is  usually  evidence  of  an  advanced  lesion. 

Dr.  Baehr:  Backache  is  often  the  first  symptom  of  multiple  myeloma. 
The  diagnosis  of  this  disease  can  be  made  by  aspirating  and  examining  the 
sternal  bone  marrow.  This  should  be  done  in  every  case  of  obscure  bone 
marrow  neoplasm.  If  it  had  been  done  in  this  instance,  a  needless  explora- 
tory laminectomy  would  have  been  avoided. 

Reported  by  Abner  Kurlin,  M.D. 

Syphilitic  Heart  Disease 

[From  the  .Medical  Service  of  Dr.  B.  S.  Oppenheimer] 

History  (Adm.  447269;  P.M.  11296).  This  was  the  first  admission  of  a 
forty-five  year  old  Italian  man  whose  illness  began  seven  weeks  before 
admission  with  shortness  of  breath  on  moderate  exertion.  At  about  the 
same  time  he  began  to  experience  upper  abdominal  cramps,  usually  post- 
prandial. Orthopnea  required  two  pillows.  One  week  before  admission 
he  observed  that  his  ankles  had  become  swollen.  For  six  days  he  had 
experienced  recurring  attacks  of  nocturnal  dyspnea.  He  began  to  cough 
and  had  been  expectorating  three  ounces  of  frothy,  frankly  bloody  sputum 
daily  for  four  days.  There  was  no  histoiy  of  precordial  pain,  antecedent 
hypertension,  rheumatic  fever,  respiratory  infection,  or  \  encreal  disease. 

Examination.  The  patient  was  an  acutely  ill.  cyanotic,  orthopneie,  dyspneic, 
middle  aged  man,  who  coughed  up  bloody  sputum.  His  pupils  were  irregular,  the 
right  did  not  react  to  light,  the  left  reacted  only  sluggishly;  both  reacted  well  in 
accommodation.  The  sclerae  were  subicteric.  The  trachea  was  in  the  midline;  there 
was  no  tracheal  tug.  The  neck  veins  were  engorged,  almost  to  the  bursting  point  on 
the  right  side.  Ketromanubrial  dulness  was  normal.  There  was  slight  dulncss  at 
the  right  lower  lobe  with  occasional  moist  sticky  rales.  In  the  left  axilla  there  was  a 
pleural  friction  rub.  The  apex  beat  of  the  heart  was  in  the  seventh  space,  14  cm.  from 
the  mid-sternal  line.    The  heart  sounds  were  barely  perceptible.    \o  murmurs  were 
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audible.  The  rhythm  was  punctuated  with  numerous  extrasystoles.  P2  was  louder 
than  A2.  ,The  left  radial  pulse  was  definitely  stronger  than  that  on  the  right;  the 
latter  was  barely  perceptible.  The  blood  pressure  on  the  right  was  90  systolic  and 
80  diastolic,  and  in  the  left  upper  extremity  it  was  130  systolic  and  80  diastolic.  The 
abdomen  was  slightly  distended;  the  liver  was  enlarged  four  fingers  below  the  costal 
margin.  There  was  pitting  edema  of  the  legs  and  thighs,  extending  up  the  mid- 
abdomen.  The  deep  reflexes  were  equal,  but  slightly  depressed.  The  patient  was 
euphoric.    The  clinical  impression  was  luetic  heart  disease. 

Laboratory  data.  The  blood  urea  nitrogen  was  52  mg.  per  cent;  sugar,  105  mg.  per 
cent;  total  protein,  5.5  per  cent.  The  icteric  index  was  9.  The  blood  Wassermann 
reaction  was  positive,  1  plus.  Venous  pressure  was  22  cm.  on  each  side  with  a  rise  to 
the  top  of  the  tube  on  right  upper  quadrant  pressure.  Saccharine  circulation  time 
was  45  seconds.  Sedimentation  time  was  over  2  hours.  Bedside  x-ray  examination 
showed  a  clouding  at  the  base  of  the  right  lower  lobe;  the  left  ventricle  was  markedly 
enlarged  in  the  region  of  the  apex.  The  electrocardiogram  showed  regular  sinus 
rhythm,  left  a.xis  deviation,  QRS  of  high  voltage,  slurred  and  measuring  0.14  second. 
The  RT  was  slightly  depressed  in  lead  I,  and  elevated  in  lead  III. 

Course.  The  patient  presented  a  picture  of  severe,  universal  heart  failure.  He 
continued  to  expectorate  large  quantities  of  frankly  bloody  sputum.  However, 
despite  the  obvious  seriousness  of  his  condition,  he  remained  cheerful  throughout  his 
course.  He  was  given  esidrone  and  ammonium  chloride  in  an  attempt  to  improve  the 
congestive  heart  failure  by  diuresis,  but  he  failed  to  respond  and  died  on  the  third 
hospital  day. 

Necropsy  findings.  The  aorta  presented  a  classical  picture  of  syphilitic  mesa- 
ortitis,  with  its  characteristic  wrinkling.  The  process  was  very  extensive  and  in- 
volved not  only  the  ascending  aorta  and  arch,  but  also  the  thoracic  and  abdominal 
aorta.  There  had  resulted  a  complete  stenosis  of  the  left  coronary  ostium,  as  well 
as  a  very  marked  narrowing  of  the  origin  of  the  innominate  artery,  and  moderate 
narrowing  of  the  orifice  of  the  left  carotid  artery.  The  left  coronarj'  artery  itself  was 
patent  and  relatively  normal  throughout.  The  left  heart  was  strikingly  dilated, 
almost  globular  in  outline.  This  was  the  result  of  two  factors,  namely  aortic  in- 
sufficiency with  regurgitation,  and  of  even  greater  importance  the  marked  thinning 
of  the  myocardium  due  to  severe  fibrosis.  The  lungs  showed  an  enormous  infarction 
of  the  entire  right  lower  lobe.  This  was  due  to  an  embolus  originating  in  thrombi 
of  the  peri-prostatic  venous  plexus.  There  was  a  necrotizing  mucosal  lesion  in  the 
intestine. 

Comment.  Dr.  Klemperer:  This  case  illustrates  the  well  known  fact 
that  in  luetic  aortitis  there  can  be  a  complete  closure  of  a  coronary  ostium 
with  secondary  fibrotic  changes  in  the  myocardium  even  though  the  rest 
of  the  coronary  artery  is  perfectly  normal.  The  intestinal  mucosal  lesions 
are  in  all  probabiUty  a  result  of  the  terminal  state  of  shock,  as  has  been 
recently  shown  by  Penner  and  Bernheim. 

Dr.  Baehr:  Although  there  was  considerable  ante-mortem  clinical  dis- 
cussion concerning  the  cause  of  this  man's  illness,  the  majority  opinion 
was  in  favor  of  luetic  heart  disease.  The  diagnosis  should  have  been  made 
with  definiteness  in  view  of  the  sudden  onset  of  heart  failure,  its  very  rapid 
progression,  the  lack  of  response  to  therapy,  the  pupillary  findings,  the 
positive  Wassermann  reaction  and  the  unequal  pulses  and  blood  pressure. 
Luetic  aortitis  may  be  unrecognized  until  one  of  two  things  occur.  The 
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patient  may  suddenly  drop  dead  due  to  claudication  of  the  coronary 
arteries;  this  is  a  very  common  cause  of  sudden  death.  Secondly,  the 
patient  may  rapidly  develop  heart  failure  due  to  insufficiency  in  coronary 
blood  flow  through  the  narrowed  ostia.  Once  this  sets  in  it  is  usually 
steadily  and  rapidly  progressive.  The  reduced  coronary  blood  flow  through 
the  narrow  ostia  is  still  further  lessened  with  the  onset  of  heart  failure. 
This  results  in  myocardial  damage  of  universal  distribution  and  of  right 
and  left  heart  failure.  The  lack  of  response  to  therapy  is  due  to  the  vicious 
cycle,  reduced  blood  flow  through  the  narrowed  ostia,  still  further  reduced 
by  heart  failure.  Although  the  clinical  features  of  luetic  aortitis  can 
exactly  simulate  an  acute  coronary  thrombosis  even  to  the  production  of 
myomalacia,  actual  sclerosis  and  thrombosis  of  the  coronary  artery  due  to 
lues  is  rare.  The  narrow  ostia  due  to  syphilitic  aortitis  and  the  resulting 
reduction  in  coronary  flow  and  coronary  blood  pressure  seems  to  protect 
the  coronary  arteries  from  arteriosclerosis.  Behind  the  narrowed  ostia 
they  are  usually  found  almost  free  of  arteriosclerotic  changes. 

Dr.  Hitzig:  The  marked  venous  engorgement  limited  to  the  right  side 
of  the  neck  was  a  misleading  point  until  it  was  shown  that  the  cause  did 
not  lie  in  an  unequal  venous  pressure  but  rather,  resulted  from  an  absence 
of  the  left  external  jugular  vein.  Careful  examination  revealed  that  the 
smaller  neck  veins  on  this  side  were  also  distended  and  tense. 

Reported  by  Max  Ellenberg,  M.D. 

Carcinoma  Developing  in  a  Bladder  Diverticulum 

[From  the  Surgical  Service  of  Dr.  A.  Hyman] 

History  (Adm.  443343;  P.M.  11219).  This  sixty-four  year  old  white 
man  entered  the  hospital  for  the  first  time  on  November  17,  1937  because 
of  urinary  difficulties.  Ten  years  before  admission  he  developed  increased 
frequency  of  urination,  dysuria,  and  pyuria.  A  suprapubic  cystotomy 
was  performed  and  four  vesical  calcuh  were  removed.  At  that  time  he 
also  noted  a  reducible  rectal  prolapse.  Four  years  previously  there  was  a 
recurrence  of  pyuria,  nocturia  2  to  3  times,  and  burning  on  urination  which 
persisted.  Two  months  prior  to  admission  hematuria  was  noted.  There 
had  been  no  chills  or  fever,  no  constipation.  His  general  health,  otherwise, 
had  remained  good. 

Examination.  He  was  a  well  developed  man  who  had  poor  color.  The  heart  was 
not  enlarged,  the  rhythm  was  regular,  no  murmurs  were  heard.  The  blood  pressure 
was  136  systolic  and  76  diastolic.  The  lungs  were  normal  except  for  a  few  r41es  at 
both  bases.  The  lower  abdomen  was  distended  and  tympanitic.  .\  suprapubic  scar 
was  present.  \  one  and  a  half  inch  rectal  mucosal  prolapse  was  present.  Rectal 
examination  showed  the  prostate  to  be  smooth,  firm,  regular,  and  not  enlarged. 
.\  neurological  examination  was  negative. 

Laboratory  data.  Urine:  Alkaline  reaction;  specific  gravity,  1.022;  trace  of  al- 
bumin, and  microscopically  showed  many  clumps  of  white  and  some  red  blood  cells. 
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Blood:  Hemoglobin,  86  per  cent;  red  blood  count,  4,570,000;  white  blood  count,  6,500 
with  a  normal  differential;  blood  urea  nitrogen,  19  mg.  per  cent;  blood  Wassermann 
reaction,  negative.  Excretory  urogram  showed  a  normal  upper  urinary  tract,  a  small 
trabeculated  bladder  and  a  large  diverticulum  of  the  bladder,  as  well  as  evidence  of 
an  enlarged  prostate.  Retrograde  cystogram  showed  a  large  right  anterior  diver- 
ticulum measuring  approximately  7  cm.  in  diameter. 

Course.  Attempts  at  decompression  of  the  distended  bladder  were  unsuccessful 
until  a  silk  Conde  catheter  was  used.  A  total  of  28  ounces  of  foul  smelling,  thick 
urine  was  then  removed.  A  catheter  was  left  indwelling  and  the  urine  gradually 
cleared  considerably.  Cystoscopy  and  bilateral  vasectomy  were  then  performed. 
The  cystoscopic  examination  showed  a  diffusely  inflamed  bladder  mucosa.  The 
prostate  was  only  moderately  enlarged.  In  view  of  the  fact  that  both  a  diverticu- 
lectomy  as  well  as  a  prostatectomy  would  be  necessary,  and  that  the  patient's  general 
condition  was  poor,  it  was  felt  that  it  was  inadvisable  to  carry  out  these  procedures. 
However,  because  the  patient  was  more  disturbed  by  his  rectal  prolapse,  an  excision 
was  performed.  The  postoperative  course  was  uneventful.  He  left  the  hospital  on 
December  14,  1937,  ten  days  after  operation  feeling  improved,  voiding  spontane- 
ously, but  he  still  had  12  ounces  of  residual  urine. 

Second  admission.  The  patient  was  re-admitted  one  week  later  on  December  22, 
because  of  the  development  of  fever  up  to  101°r.,  general  weakness  and  suprapubic 
tenderness.  A  few  rales  were  heard  at  both  bases.  The  blood  pressure  was  110 
systolic  and  70  diastolic.  The  blood  urea  nitrogen  was  20  mg.  per  cent.  The  blood 
count  was  essentially  unchanged.  The  urine  showed  a  trace  of  albumin,  a  moderate 
number  of  clumped  white  blood  cells  and  a  few  red  blood  cells.  .\n  indwelling 
catheter  was  inserted  on  admission.  Three  days  later  he  developed  substernal  pain 
radiating  to  the  left  axilla  associated  with  vomiting  and  weakness.  He  became  pale ; 
the  pulse  was  slow,  rate  50  to  60  per  minute;  the  temperature  was  97°F.  Cheyne- 
Stokes  respirations  were  present.  The  blood  pressure  was  116  systolic  and  50  di- 
astolic; the  heart  sounds  were  distant.  An  electrocardiogram  was  negative.  The 
following  day  a  pleural  friction  rub  was  heard  in  the  left  chest  posteriorly.  The 
episode  was  then  attributed  to  a  pulmonary  infarction.  He  improved  rapidly. 
Nevertheless,  his  condition  did  not  warrant  any  radical  surgery.  He  was  taught  to 
catheterize  himself.    He  was  discharged  on  January  8,  1938  after  two  weeks,  afebrile. 

Third  admission.  Following  discharge  he  was  treated  with  bladder  irrigations 
and  urinary  antiseptics.  Under  this  regime  the  pyuria  improved  considerably  and 
the  residual  urine  which  had  been  12  ounces,  fell  to  6  ounces.  Ten  days  prior  to  this 
admission  he  began  to  have  severe  pain  on  urination.  The  urine  grossly  contained 
pus  and  mucus.  The  temperature  rose  as  high  as  103°F.  Because  of  this  and  the 
development  of  extreme  tenderness  in  the  left  costovertebral  angle,  he  was  returned 
to  the  hospital  on  May  6, 1938  with  a  diagnosis  of  left  pyelonephritis.  In  the  hospital, 
in  addition  to  the  costovertebral  findings  he  had  diffuse  abdominal  distention,  and 
marked  tenderness  in  both  lower  quadrants.  Xumerous  crepitant  and  moist  rales 
were  heard  over  both  lower  lobes. 

The  hemoglobin  was  now  105  per  cent;  red  blood  count,  6,090,000;  white  blood 
count,  10,850  with  82  per  cent  polymorphonuclear  leucocytes;  blood  urea  nitrogen 
was  15  mg.  per  cent.  The  urine  was  loaded  with  clumped  white  blood  cells.  He 
developed  transient  signs  of  fluid  in  the  left  chest  and  on  one  occasion  a  friction  rub 
was  heard  over  the  left  lower  lobe.  A  cough  was  present  and  he  had  hemoptysis 
once.  His  course  was  marked  by  fever  up  to  103°F.  at  first  but  this  gradually  sub- 
sided to  a  normal  level,  coincidental  with  the  administration  of  sulfanilamide  He 
was  discharged  six  weeks  after  admission,  after  he  had  refused  suprapubic  cystotomy. 

Fourth  admission.  Since  his  last  admission  he  had  developed  fever,  lower  ab- 
dominal tenderness  and  foul  cloudy  purulent  urine.    The  residual  urine  on  .July  11 
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was  20  ounces.  He  finally  consented  to  a  suprapubic  cystotomy  which  was  per- 
formed. A  diverticulcctomy  was  considered  too  hazardous  a  procedure  for  him. 
Recovery  was  uneventful.    At  the  time  of  discharge  on  July  30,  1938  he  was  afebrile. 

Final  admission.  .\t  the  time  of  this  admission  on  July  17,  1939  he  was  comi)letely 
uncooperative,  drowsy  and  no  satisfactory  history  could  be  elicited,  .\pparently 
the  purulent  suprapubic  drainage  had  persisted  and  his  general  condition  had  become 
progressively  worse.  He  appeared  malnourished,  and  complained  of  severe  supra- 
pubic pain.  The  heart  sounds  were  of  poor  quality;  a  systolic  murmur  was  heard 
at  the  apex;  the  heart  rate  was  slow  but  totally  irregular.  The  suprapubic  drain 
was  present  in  situ  and  drained  foul,  purulent  urine.  The  hemoglobin  was  1(K)  per 
cent;  blood  urea  nitrogen,  20  mg.  per  cent;  sugar,  90  mg.  per  cent;  chlorides,  515. 
Urine  culture  showed  a  B.  proteus  and  an  enterococcus.  Flat  plate  of  the  abdomen 
showed  no  evidence  of  calculi.  .\n  electrocardiogram  showed  auricular  fibrillation. 
The  course  was  rapidlj'  down  hill.  The  suprapubic  drainage  became  markedly 
bloody.  The  patient  became  comatose.  His  blood  urea  nitrogen  rose  to  41,  the 
chlorides  to  655,  and  the  carbon  dioxide  combining  power  was  44.2  volumes  per  cent. 
His  temperature  hovered  around  100°F.    He  ceased  one  week  later. 

Necropsy  findings.  Dr.  Klemperer:  The  bladder  showed  typical  changes  of  pro- 
longed obstruction.  On  the  right  side  posteriorly  there  was  a  diverticulum  2  inches 
deep.  At  the  base  of  this  diverticulum  there  was  a  mushroom-like  growth  (micro- 
scopicallj'  squamous  cell  carcinoma)  which  invaded  the  surrounding  tissue.  There 
was  no  evidence  of  metastases.  The  ostium  of  the  right  ureter  was  compressed  bj' 
this  growth,  and  the  kidney  on  that  side  was  hydronephrotic,  and  was  involved  in  a 
severe  pyelonephritis.  On  gross  examination  the  heart  showed  a  few  areas  of  fibrosis. 
Microscopically,  however,  these  were  areas  of  homogeneous  appearance  which  by 
special  stains  were  shown  to  be  amyloid.  There  were  no  amyloid  changes  elsewhere 
in  the  body.  Instances  in  which  amyloid  is  deposited  in  organs  usually  not  in- 
volved and  absent  in  the  usual  sites,  such  as  liver,  spleen  and  kidneys  have  been 
designated  "paraamyloidosis."  As  a  rule  such  amyloid  deposits  do  not  give  the 
usual  staining  reactions,  .\typical  amyloid  disease  usually  occurs  in  the  absence  of 
the  known  causes  for  this  disease.  The  carcinoma  of  the  bladder  may  be  regarded 
as  adequate  explanation  in  this  case  because  malignant  tumors  are  known  to  be 
associated  with  amyloidosis. 

Comment.  Dr.  Baehr:  The  comatose  state  into  which  thi.s  patient 
eventually  subsided  was  due  to  a  combination  of  infection  and  renal  in- 
sufficiency. 

Dr.  Hyman:  Carcinoma  arising  in  a  bladder  diverticulum  is  rare.  I  can 
recall  but  three  cases  during  my  entire  experience  in  this  hospital.  For 
purposes  of  classification  we  must  differentiate  between  carcinoma  arising 
in  a  diverticulum,  and  tumor  arising  outside  the  diverticulum  and  invading 
it  secondarily.  If  the  carcinoma  is  large  enough  it  can  be  demonstrated 
by  cystoscopy  or  contrast  x-ray.  The  finding  of  Bacillus  proteus  is  of 
interest.  In  the  past  two  years  the  incidence  of  such  infection  has  risen 
markedly.  Other  clinics  have  had  similar  experience.  The  organism  is 
extremely  resistant  to  therapy.  Occasionally  massive  doses  of  sulfanila- 
mide may  clear  the  urine. 


Reported  by  Ahner  Kurlin,  M .D. 
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Joseph  H.  Globus,  M.D.,  presiding 

Monday,  February  10,  19^1 

Case  1.    Amyotrophic  Lateral  Sclerosis 
[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler] 

History  (Adm.  455549;  P.M.  11510).  A  man,  aged  49,  entered  this 
hospital  on  April  23,  1940.  Eleven  months  earlier  he  noted  for  the  first 
time  twitching  and  weakness  of  the  right  hand.  Gradually,  the  right  arm 
became  similarly  affected  and  somewhat  later  the  left  arm  and  leg  became 
involved.  The  lunbs  became  stiff  and  the  fingers  of  the  right  hand  were 
clenched,  but  could  still  be  extended  passively.  His  gait  became  shuffling 
and  he  would  occasionally  fall  to  the  ground.  In  the  course  of  several 
weeks  he  began  to  experience  difficulty  in  swallowmg  and  speaking  and  the 
twitching  in  the  right  arm  became  more  pronounced.  All  of  these  symp- 
toms increased  in  severity  so  that  finally  he  could  no  longer  talk,  and  he 
had  extreme  difficulty  in  swallowing.  There  was  continuous  drooling  of 
saliva.  He  lost  about  twenty  pounds  in  weight;  his  feet  and  hands  became 
swollen.  The  last  two  months  were  marked  by  difficulty  in  breathing  when 
lying  down.  He  had  been  getting  vitamin  Bi  intramuscularly  and  intra- 
venously once  or  twice  a  week  for  three  months  before  he  entered  the 
hospital. 

Examination.  The  patient  is  markedly  emaciated.  He  is  bedridden 
and  appears  chionically  iU.  His  blood  pressure  is  135  systohc  and  85 
diastoUc.  He  is  alert,  cooperative,  and  has  good  insight  into  his  illness. 
His  speech  is  dysarthric,  and  swallowing  is  very  difficult.  There  is  general- 
ized muscular  atrophy,  more  marked  on  the  right  side,  includuig  the  in- 
trinsic muscles  of  the  hands  and  feet.  There  is  generahzed  spasticity,  also 
more  pronounced  on  the  right  side  with  marked  generahzed  hyperreflexia 
and  bilateral  ankle  clonus.  The  superficial  reflexes  are  absent.  The  Hoff- 
man sign  is  present  bilaterally,  while  the  Babinski  sign  is  equivocal  on  the 
right  side.  Fibrillations  are  present  in  all  muscle  groups,  including  those 
of  the  tongue  and  intercostal  spaces. 

Laboratory  data.  Cerebrospinal  fluid:  Initial  pressure,  110  mm.  of 
water;  Pandy,  0;  cells,  6  red  blood  cells  per  cu.  mm.;  globulin,  negative; 
coUoidal  gold  curve  and  Wassermann  reaction,  negative;  total  protein, 
43  mg.  per  cent.  Electroencephalogram,  normal.  Urine:  creatine  excre- 
tion, 885  mg.  in  930  cc;  and  975  mg.  in  930  cc.    Blood:  Hemoglobin,  13.5 
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grams;  white  blood  cells,  5,600  with  68  per  cent  polymorphonuclear  leuco- 
cytes; 28  per  cent  lymphocytes;  4  per  cent  monocytes.  Wassermann  reac- 
tion, negative;  sugar,  95  mg.  per  cent ;  urea  nitrogen,  10  mg.  per  cent.  An 
electrocardiogram  was  reported  as  showing,  "inverted  P  waves,  low  voltage 
of  QRS  complex,  suggesting  a  vertically  placed  heart".  A  throat  culture 
(May  8)  grew:  "streptococcus  hemolyticus,  streptococcus  viridans,  micro- 
coccus catarrhalis,  and  diphtheroids". 

Course.  The  diagnosis  of  amyotrophic  lateral  sclerosis  with  bulbar 
involvement  was  made  and  the  patient  was  immediately  placed  on  vitamin 
E  therapy.  He  received  50.0  mg.  a-tocopherol  intramuscularly  each  day. 
He  also  received  ephynol,  wheat  germ  oil,  vitamin  Bi  and  Brewer's  yeast. 
Within  twenty  days  the  patient  stated  that  his  ability  to  swallow  had  im- 
proved and  that  he  breathed  easily  although  there  were  no  objective  signs 
to  support  this  observation.  He  developed  an  acute  pharyngitis  during 
the  course  of  which  the  weakness  and  fibrillations  became  accentuated. 
Pneumonia  developed  in  the  right  lower  lobe  and  he  died  two  days  after 
the  development  of  the  respiratory  disease. 

Necropsy  findings.  Brain.  Gross.  No  gross  changes  could  be  recog- 
nized on  sectioning  the  brain  or  spinal  cord. 

Microscopic.  Sections  of  the  cerebral  cortex,  midbrain,  pons,  medulla 
and  spinal  cord  were  stained  with  various  neurohistological  methods 
as  were  sections  of  the  right  intercostal,  right  pectoral  and  other  muscles. 
The  cerebral  cortex  exhibits  degenerative  changes  of  the  large  pyramidal 
cells.  Their  outlines  are  rounded  and  in  some,  there  is  a  peripheral  dis- 
placement of  the  Nissl  substance.  The  nuclei  show  corresponding  de- 
generative changes  as  indicated  by  their  displacement  and  often  complete 
disintegration.  There  is  .satellitosis  often  approaching  frank  neurono- 
phagia.  Similar,  but  more  pronounced,  changes  are  seen  in  the  nerve  cells 
of  the  hypoglossal  nucleus  and  tho.se  of  the  anterior  horns  of  the  spinal 
cord  (fig.  1).  Myelin  preparations  reveal  extensive  demyelinization  of  the 
pyramidal  fibers.  This  is  noted  throughout  the  brain  stem  and  the  spinal 
cord.  In  the  medulla  oblongata  the  pyramids  (fig.  2)  show,  in  addition 
to  loss  of  myelin,  areas  of  disintegration  in  which  both  myelin  and  axis 
cylinders  are  lost  (fig.  3).  In  addition,  areas  of  demyelinization  are  also 
seen  in  the  region  of  the  tractus  gracilis  where  the  fibers  are  about  to 
terminate  in  the  nucleus  gracilis  (fig.  2).  In  the  spinal  cord,  demyelization 
is  most  pronounced  in  the  lateral  pyramidal  tracts  (fig.  4).  Fat  stains 
demonstrate  a  large  amount  of  fat  in  the  region  of  the  cortico-spinal  tracts 
in  the  midbrain,  medulla,  and  in  the  lateral  pyramidal  tract.s  of  the  spinal 
cord  (fig.  5),  and  to  a  lesser  extent  in  the  ventral  pyramidal  tract.  An 
increased  amount  of  fat  is  also  found  in  the  nerve  cells  of  the  inferior 
olivary  nucleus  and  in  the  anterior  horns  of  the  spinal  cord.  Corpora 
amylacea  are  abundant  in  the  dorsal,  lateral  and  \-entral  funiculi  of  the 
spinal  cord  and  in  the  brain  stem  at  various  levels  including  the  midbrain, 
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pons,  and  medulla.  The  muscle  preparations  (fig.  6)  display  a  large 
increase  in  the  number  of  sarcolemma  nuclei,  a  disappearance  of  striations. 


Fig.  2.  Section  of  the  medulla  oblongata  showing  advanced  demyelinization  of  the 
pyramids  with  patchy-demyelinization  in  the  region  of  the  tractus  gracilis.  Note  the 
areas  of  disintegration  in  the  pyramids,  shown  in  figure  3,  under  higher  magnifica- 
tion, myelin  stain. 

hyalinization  of  muscle  fibers  and  great  variability  in  the  size  of  the  muscle 
fibers;  some  are  swollen,  others  shrunken. 

Comment.    Dr.  Globus:  The  patient  entered  the  hospital  with  the  clinical 
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picture  fully  developed,  leaving  no  doubt  as  to  the  diagnosis.  The  pres- 
ence of  both  upper  and  lower  neuron  involvement  and  the  evolution  of  the 
manifestations,  beginning  with  an  affliction  of  one  extremity,  rapidly 
progressing  to  assume  a  symmetrical  distribution,  are  all  features  pointing 
to  this  diagnosis.  The  marked  bulbai'  involvement,  of  course,  indicated 
that  little  promise  could  be  held  for  ultimate  recovery. 


Fig.  3.  Areas  of  disintegration  in  pyramids,  myelin  stain  (see  fig.  2). 


Fig.  4.  Section  of  cervical  spinal  cord,  showing  demyelinization  of  lateral  py- 
ramidal tracts  in  amyotrophic  lateral  sclerosis. 

The  disease  as  shown  by  the  histologic  studies  is  a  form  of  primary 
dissolution  of  the  neuroectodermal  derivatives  of  the  cerebrospinal  a.xis, 
a  form  of  primary  degeneration  affecting  predominantly,  but  not  exclusively 
(some  changes  were  also  found  in  the  dorsal  sensory  tracts),  the  motor 
systems  of  the  cerebrospinal  axis;  the  upper  (pyramidal)  and  lower  (ante- 
rior) horn  cells. 


242 


CLINICAL  NEUROPATHOLOGICAL  CONFERENCE 


I  have  often  wondered  whether  we  are  not  deaUng  in  this  disease  with 
some  form  of  an  invokitional  degenerative  process  affecting  predominantly 


Fig.  5.  A  fat  (Scharlach  R)  preparation  displaj'ing  (coarse  black  granules)  the 
breaking  down  of  myelin  into  simple  fats  in  amyotrophic  lateral  sclerosis. 


Fig.  6.  Muscle  fibers  in  amyotrophic  lateral  sclerosis  (see  text). 

the  motor  (pyramidal)  systems,  in  an  organ,  the  life  span  of  which  has  been 
predestined  to  be  relatively  short  by  A  irtue  of  some  deficiency  in  its  pri- 
mordial material. 


Reported  by  B.  Goldberg,  M.D. 
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Case  2.  Craniopharyngeoma 

[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler  and  the  Neurosurgical  Service  of 

Dr.  I.  Cohen] 

History  (Adm.  460376;  P.M.  1 1568).  A  33  year  old  Puerto  Rican  house- 
wife entered  the  hospital  on  July  26,  1940.  Six  years  previously  she 
passed  through  a  normal  pregnancy  which  was  followed  by  persistent 
vaginal  bleeding,  for  which  a  laparotomy  was  performed.  Her  menses  were 
regular  for  the  next  three  and  a  half  years  until  she  became  pregnant  again. 
An  induced  abortion  terminated  the  pregnancy  and  following  this  she 
became  permanently  amenorrheic.  The  next  significant  change  took 
place  six  months  prior  to  her  admission  to  the  hospital  when  she,  rather 
suddenly,  began  to  drink  large  (juantities  of  water,  averaging  at  least  four- 
teen glasses  a  day.  This  was  accompanied  by  pronounced  polyuria,  waking 
her  seven  to  eight  times  each  night  to  pass  water.  During  the  last  month 
headaches  made  their  appearance.  They  were  aggravated  by  movement 
of  the  head.  This  was  soon  followed  by  vomiting  which  occurred  when 
the  headache  was  severe  and  was  accompanied  by  nausea,  dizziness,  and 
epigastric  pain.  About  this  time  she  also  began  to  complain  of  feeling 
feverish,  of  a  bitter  taste,  of  dulling  of  the  sense  of  smell,  and  impairment 
of  vision.  Weakness  set  in  and  she  would  lie  down  for  progressively  longer 
periods  each  day. 

Examination.  The  patient  is  a  well  developed,  moderately  obese  woman, 
whose  face  is  flushed  and  who  complains  of  severe  headache.  The  heart 
and  lungs  are  negative.  The  blood  pressure  is  104  systolic  and  60  diastolic, 
and  there  is  a  midline  supra-pubic  scar.  Mentally  she  seems  somewhat 
depressed,  slightly  irritable  and  at  times  lethargic.  There  is  bilateral 
papilledema,  which  is  more  marked  on  the  right  side,  and  retinal  hemor- 
rhages. 

Laboratory  data.  Blood:  Hemoglobin,  100  per  cent;  red  blood  cells, 
5,750,000;  white  blood  cells,  8,000  with  70  per  cent  polymorphonuclear 
leucocytes,  20  per  cent  lymphocytes,  8  per  cent  eosinophils  and  2  per  cent 
monocytes.  The  blood  Wassermann  reaction  was  negative.  The  blood 
chemistry  findings  were  as  follows:  serum  albumin,  5.0  gi-ams  per  cent; 
serum  globulin,  1.3  grams  per  cent;  total  protein,  6.3  grams  per  cent; 
cholesterol,  220  mg.  per  cent;  ester,  135  mg.  per  cent;  chlorides,  565  mg. 
per  cent;  phosphorus,  5.7  mg.  per  cent;  calcium,  10.3  mg.  per  cent.  Urine, 
negative.  The  Janney  glucose  tolerance  test  was  normal  and  there  was 
no  sugar  in  the  urines  collected  during  the  test.  Cerebrospinal  fluid: 
Globulin,  negative;  colloidal  gold  curve  and  Was.sermann  reaction,  nega- 
tive; total  protein,  34  mg.  per  cent.  X-ray  examinations  of  the  skull  and 
chest  were  negative. 

Course.  A  supra-sellar,  midline  lesion  in  the  hypothalamic  region  was 
thought  to  be  the  most  likely  diagnosis.    The  basal  metabolic  rate  was 
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minus  17  per  cent.  An  electroencephalography  was  performed  and  re- 
vealed a  large  amount  of  delta  activity  but  no  cortical  focus.  This  was 
thought  to  indicate  increased  intracranial  pressure  from  a  deep  seated  mid- 
line lesion.  Gynecological  consultation  revealed  a  healed  cervical  lacera- 
tion; the  uterus  and  adnexae  could  not  be  palpated.  A  lumbar  puncture 
(July  30,  1940)  showed  normal  initial  pressure  and  dynamics;  clear  cere- 
brospinal fluid;  negative  Pandy  reaction  and  no  increase  in  cells.  A 
ventriculography  was  performed  on  August  6,  1940  and  disclosed  marked 
symmetrical  dilatation  of  the  lateral  ventricles,  while  the  third  and  fourth 
ventricles  could  not  be  visuaUzed.  A  right  fronto-parietal  craniotomy 
was  performed  on  the  same  day  and  the  third  ventricle  was  exposed,  but 
no  tumor  was  found.  Sections  of  fragments  of  the  cerebral  cortex  of  the 
right  hemisphere  removed  at  the  time  of  operation  were  reported  as  reveal- 
ing no  significant  pathological  alterations.  Following  the  operation,  the 
patient  became  drowsy,  her  temperature  rose,  she  developed  paresis  of  the 
left  arm  and  leg,  and  became  incontinent.  Two  days  after  the  operation, 
temperature  remaining  high,  a  complete  left  hemiplegia  developed  and 
.she  passed  into  coma.  An  emergency  re-exploration  was  performed.  A 
small  extra-dural  clot  was  found.  The  right  frontal  lobe  was  retracted 
and  the  right  optic  nerve  was  exposed,  but  no  neoplasm  was  seen.  A 
lumbar  puncture  showed  xanthochromic  cerebrospinal  fluid  under  increased 
pressure.  The  coma  persisted,  hyperpyrexia  developed  and  the  patient 
died  two  days  after  the  operation  on  August  8,  1940. 

Necropsy  findings.  Brain.  Gross.  There  was  a  large  defect  in  the 
cerebral  cortex  due  to  operative  intervention  which  extended  vent  rally  for 
some  distance  in  the  neighborhood  of  the  posterior  end  of  the  fissure  of 
Sylvius.  The  cerebral  cortex  surrounding  the  defect  appeared  dirty-grey 
in  color  and  somewhat  softened  in  consistency,  while  the  adjacent  cortex 
of  the  posterior  frontal  and  anterior  temporal  regions  was  covered  by  clotted 
blood  and  adherent  meninges.  At  the  base  of  the  brain  a  tumor  was  pres- 
ent in  the  interpeduncular  region.  It  extended  from  behind  the  optic 
chiasm,  which  it  had  displaced  anteriorly,  throughout  the  entire  extent  of 
the  interpeduncular  fossa  and  disappeared  under  the  anterior  edge  of  the 
cerebral  peduncles  without  its  posterior  limits  being  visible.  It  included 
the  entire  floor  of  the  hypothalamic  region,  involving  the  infundibulum 
and  tuber  cinereum  and  the  floor  of  the  third  ventricle.  The  mammillarj' 
bodies  were  not  visible.  The  tumor  had  a  fairly  smooth  outUne  and  yel- 
lowish color.  On  palpation  it  was  soft  and  gave  the  impression  of  being 
cystic.  The  infundibulum  seemed  much  larger  than  normal  and  had  a 
yellow  cystic  appearance.  The  pituitary  seemed  larger  than  normal  and 
it  was  yellow  in  color  and  of  a  soft,  cystic  consistency. 

On  sectioning  the  brain,  the  tumor  is  found  completely  fiUing  the  third 
ventricle  (fig.  7).  It  seems  to  be  adherent  to  the  floor  and  also  part  of  the 
walls  of  the  third  ventricle,  although  it  could  be  detached  from  the  upper 
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part  of  the  walls  and  the  roof  of  the  ventricle  where  it  gives  the  impression 
of  being  encapsulated.  The  tumor  is  solid  in  consistency  and  presents  a 
jiearly  white  granular  sin-face  with  a  few  small  cystic  areas  filled  with  a 
grey  gelatinous  material.  The  tumor  is  continuous  with  an  expansion  at 
the  base  of  the  brain  in  the  interpeduncular  space. 

Microscopic.  Sections  of  the  tumor  stained  with  hematoxylin  and  eosin 
and  by  the  Weil  and  Nissl  methods  show  it  to  consist  of  an  irregularly 
branching  syncylial-like  mass  of  strands  and  sheets  of  closely  packed  cells 
surrounded  by  a  delicate  connective  tissue  stroma  (fig.  8  A).  The  cells 
are  epithelial  in  appearance  and  have  large,  oval  and  clearly  defined  dark- 
staining  nuclei.  The  outline  of  the  clear  staining  cytoplasm  of  these  cells 
is  poorly  defined  except  for  the  periphery  of  the  cellular  strands  and  sheets 


Fig.  7.  Gross  appearance  of  the  tumor  (craniopharyngeoma)  in  a  coronal  section 
of  the  brain. 

where  they  form  a  regular  row  of  luiiformly  sized  cells,  rectangular  in  out- 
line. The  cells  frequently  show  papillary  and  acinar  formations.  The 
centrally  placed  cells  often  have  a  stellate  shape  giving  rise  to  delicate 
processes  assuming  the  appearance  of  cells  in  mesenchymal  tissue;  then 
again  they  appear  to  be  rounded,  their  cytoplasm  contains  round  globules, 
their  nuclei  are  darkly  stained  and  eccentrically  placed. 

Small  blood  sinuses  and  delicate  connective  tissue  fibers  are  also  seen  in 
the  center  of  the  less  densely  packed  cellular  aggregations  and  the  connec- 
tive tissue  surrounding  these  aggregations  also  has  thin,  scant  fibers  and 
blood  sinuses. 

Scattered  throughout  the  center  of  the  epithelial  cell  masses  are  small 
round  collections  of  cells  which  are  quite  different  in  appearance  (fig.  8  B). 
They  consist  of  closely  packed,  somewhat  flattened,  oval  or  round  cells 
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with  clear  pale  pink  cytoplasm,  the  nuclei  of  which  are  either  faintly  out- 
Uned  or  entirely  absent.  The  cj^oplasm  of  these  cells  appears  keratinized 
and  they  represent  collections  of  hornifying  squamous  epitheUal  cells. 

The  brain  tissue  is  seen  adjacent  to  the  tumor  and  shows  an  increased 
number  of  glial  elements  and  these  together  with  the  neighboring  nerve 


Fig.  8A.  Histological  appearance  of  the  tumor  (craniopharyngeoma).  B.  Epi- 
thelial (squamous)  cell  masses  in  craniopharyngeoma  under  higher  magnification. 

cells  frequently  show  advanced  degenerative  changes.  Small  collections 
of  tumor  cells  infiltrate  the  adjacent  brain  tissue.  Silver  stains  reveal  the 
argyrophilic  nature  of  the  connective  tissue  both  within  and  outside  of  the 
islands  of  tumor  cells.. 

Sections  of  the  cerebral  cortex,  show  it  to  be  markedly  edematous  with 
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considerable  disorganization  of  the  cytoarchitecture.  The  nerve  cells  are 
swollen,  show  indistinct  cell  outlines,  pale  staining  cytoplasm,  eccentrically 
placed  and  vesicular  nuclei.  All  the  vessels  are  congested;  many  of  the 
larger  vessels  show  thickening  of  the  vessel  wall.  There  is  an  increase  in 
the  number  of  glial  elements,  especially  in  the  subcortex. 

Sections  of  what  grossly  appears  to  be  the  pituitary  body  reveal  that 
the  greatest  part  of  the  gland  is  composed  of  tumor.  The  latter  show's  the 
same  structures  as  described  above  and  has  a  fairly  well  defined  connective 
tissue  capsule.  Closely  applied  to  one  side  of  this  capsule  is  a  small  cres- 
cent-shaped mass  of  tissue  representing  the  remains  of  the  compressed  and 
displaced  pituitary  body.  The  normal  acinar  arrangement  of  the  cells  is 
replaced  by  flattened  ribbon  bands  of  otherwise  normal  cells.  The  eosino- 
phile,  basophile  and  chromophobe  cells  are  all  present  in  relatively  normal 
proportions. 

Comment.  Dr.  Globus:  Of  significance  in  this  case  are:  the  abrupt 
cessation  of  menstruation,  the  subsequent  development  of  polydipsia  and 
polyuria,  the  subjective  feeling  of  hyperpyrexia  and  signs  of  increased 
intracranial  tension.  The  vegetative  disturbances  draw  immediate  atten- 
tion to  the  cerebral  visceral  controlling  centers,  the  existence  of  which  in 
the  floor  of  the  third  ventricle,  the  hypothalamic  region  of  the  diencephalon, 
is  now  quite  well  established  (1).  Placing  these  observations  alongside 
the  signs  and  symptoms  of  brain  tumor:  the  papilledema,  persisting  head- 
aches and  repeated  vomiting,  the  diagnosis  of  a  cerebral  neoplasm  in  the 
interpeduncular  region  becomes  most  logical.  The  rather  long  clinical 
course,  the  absence  of  alterations  in  the  sella  turcica  and  the  failure  to 
establish  the  presence  of  typical  changes  in  the  fields  of  vision,  excluded  a 
pituitary  adenoma,  and  left  a  suprasellar  expanding  lesion  in  the  nature  of 
craniopharyngeoma  as  the  diagnosis  of  choice.  This  was  found  to  be  in 
accord  with  the  necropsy  findings. 

Reported  by  A.  Stein,  M.D. 

REFERENCE 

(1)  Globus,  J.  H.:  Vegetative  disturbances  of  cerebral  origin.    New  York  State 
J.  M.,  35:  3,  1935. 


ABSTRACTS 
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Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  col- 
umn brief  abstracts  of  their  articles  appearing  in  other  journals. 


Lipiodol  Granuloma  in  Fallopian  Tubes  Localized  by  Intra-uterine  Diodrast  Injection, 
with  Special  Reference  to  the  Value  of  Follow-up  X-ray  Films.  I.  C.  Rubin. 
Radiology,  33:  350,  September  1939. 

Lipiodol  injection  into  the  uterus  is  frequently  followed  by  retention  of  the  iodized 
oil  in  the  tubes  as  well  as  in  the  pelvic  and  upper  abdominal  cavity.  Eighteen  out 
of  27  cases  in  which  a  follow-up  film  was  available  showed  opaque  deposits  at  periods 
of  from  one  month  to  one  year  and  longer. 

Retention  is  common  when  the  tubes  are  sealed  or  partially  patent.  The  damage 
is  more  serious  in  the  latter  cases  in  which  the  partially  permeable  lumen  becomes 
obliterated  by  organization  and  foreign  body  granuloma.  The  value  of  follow-up 
films  is  cmj)hasized.  If  a  radiopaque  substance  is  to  be  used,  the  crystalloid  iodides 
have  the  advantage  of  being  injected  more  than  once  and  are  especially  useful  for 
purposes  of  identifying  lipiodol  residue  within  the  tube  lumen. 

Treatment  of  Cryptorchidism  with  Male  Sex  Hormone.  C.  Zelson  and  E.  Steinitz. 
J.  Pediat.  15:  522,  October  1939. 
In  attempting  to  improve  the  results  heretofor  obtained  with  gonadotropic  hor- 
mone, twenty  cryptorchid  boys  were  treated  with  male  sex  hormone.  Seventeen 
of  the  boys  had  unilateral  cryptorchidism  and  three  bilateral.  Total  dosage  per 
boy  varied  between  60  and  180  mgs.  Eleven  of  the  boys  had  been  previously  treated 
with  gonadotropic  hormone  with  no  effect.  Of  these,  two  responded  to  the  testos- 
terone treatment.  There  was  complete  descent  in  three  cases,  that  is,  15  per  cent 
of  the  entire  group.  The  testosterone  propionate  had  a  partial  effect  on  some  of  the 
children.  There  was  enlargement  of  the  penis  in  sixteen  cases,  enlargement  of  the 
scrotum  in  eight  cases  and  a  definite  growth  of  pubic  hair  in  ten  cases.  In  five  cases 
the  testicles  became  smaller.  It  is  concluded  that  gonadotropic  hormone  is  more 
effective  than  male  sex  hormone.  Those  cases  that  show  a  partial  response  to  male 
sex  hormone  should  be  followed  with  a  course  of  gonadotropic  hormone  injections. 
A  review  of  the  literature  on  male  sex  hormone  and  the  treatment  of  cryptorchidism 
with  male  sex  hormone  is  included. 

Movable  Traction  Carrier.  A.  M.  Arkin.  J.  Bone  &  Joint  Surg.  21:  1032,  October 
1939. 

An  apparatus  is  described  which  is  designed  to  allow  the  application  of  continuous 
traction  to  a  lower  extremity,  the  traction  to  follow  in  the  line  of  the  extremity  as  the 
hip  is  moved. 
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It  consists  of  a  fixed  frame  bolted  to  the  bed,  from  which  is  suspended  a  movable 
frame  in  the  shape  of  an  inverted  U  which  carries  the  traction.  The  two  are  con- 
nected by  a  hinge  and  swivel  joint  placed  directly  over  the  hip,  so  that  the  horizontal 
arm  of  the  frame  remains  parallel  to  the  thigh  as  the  lower  extremity  is  moved. 

The  Management  of  Pathological  Fractures.    E.  M.  Bick.    Surg.  Gynec.  &  Obst.  69: 
524,  October  1939. 

Fifty-nine  patients  in  whom  85  pathological  fractures  occurred  were  studied  in 
reference  to  the  effect  of  treatment  on  union.  From  this  material  it  was  possible  to 
evolve  certain  rules  or  principles  which  should  assist  in  formulating  treatment 
applicable  to  pathological  fractures  in  general. 

Trauma  is  in  itself  always  a  stimulus  to  reparative  osteogenesis  in  pathological 
fractures.  The  extent  of  repair  in  pathological  fractures  is  a  function  chiefly  of  the 
density  of  pathological  tissue  displacing  bone  and/or  the  volume  of  displaced  bone 
requiring  replacement.  Reparative  osteogenesis  can  be  stimulated  greatly  in 
selected  cases  by  curettage  of  the  pathological  tissue  and  deposition  of  bone  chips. 
In  certain  lesions  such  as  giant  cell  tumor  or  bone  cyst,  in  which  union  may  occur 
under  conservative  care,  this  procedure  will  hasten  and  strengthen  repair.  Opera- 
tion is  especially  indicated  in  cystic  lesions  or  in  those  in  which  the  pathological 
lesion  merely  permeates  existing  trabeculae.  Union  between  the  residual  normal 
bone  adjacent  to  a  persisting  lesion  is  an  invitation  to  refracture.  Whenever  feasible 
its  removal  and  replacement  by  bone  chips  is  advisable. 

Allergomelric  Tuberculin  Study.  H.  Vollmer,  C.  Zelson,  Carl  and  H.  Rubin. 
J.  Pediat.  15:  508,  October  1939. 
One  hundred  and  six  children  with  active  tuberculosis  have  been  tested,  by  vary- 
ing dilutions  of  intracutaneous  tuberculin  and  by  an  allergometric  patch  test  admin- 
istered simultaneously.  The  allergometric  patch  test  compares  favorably  with  the 
intradermal  tuberculin  test  in  that  the  results  tend  to  show  that  individuals  who 
react  to  the  weakest  dilution  of  the  tuberculin  given  intradcrmally  also  react  to  the 
weakest  solution  in  the  filter  paper  patches.  The  severity  of  the  tuberculin  reaction 
docs  not  indicate  the  severity  of  the  tuberculous  process  in  a  group  of  children  with 
active  tuberculosis.  The  allergometric  patch  test  could  replace  the  original  patch 
test,  since  it  has  the  same  qualitative  value,  and  in  addition,  gives  some  quantita- 
tive information  with  regard  to  the  individual  sensitivity;  if  repeated  at  intervals, 
it  will  show  the  course  of  the  tuberculin  sensitivity. 

The  Management  of  Exophthalmic  Goiter  in  a  General  Hospital.  R.  Lewisohn,  B. 
S.  Oppenheimer  and  S.  Silver.  J.  A.  M.  .\.  113:  1527,  October  1939. 
Of  the  460  patients  with  thyroid  disease  not  operated  on  previously,  who  were 
treated  surgically  from  April  1,  1932,  to  April  1,  1937,  360  cases  belonged  to  the  toxic 
group  and  100  cases  were  nontoxic.  The  mortality  (three  cases)  occurred  in  the 
toxic  group.  The  mortality  (including  one  suicide)  was  0.8  per  cent  among  the 
primary  cases  of  exophthalmic  goiter.  Operative  deaths  numbered  two  (0.5  per  cent) 
among  the  primary  cases.  There  were  two  operative  deaths  among  twenty-six  cases 
of  recurrent  exophthalmic  goiter.  Twenty  per  cent  of  the  patients  were  operated  on 
in  two  stages. 

Sarcoma  of  the  Trachea.    T.  Weinberg.    Am.  J.  Cancer,  37:  201,  October  1939. 

Only  32  cases  of  sarcoma  of  the  trachea  arc  reported  in  the  literature.  The  two 
cases  reported  by  the  author  are  the  only  ones  encountered  at  The  Mount  Sinai 
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Hospital  in  the  last  ten  years.  The  first  case  was  a  myxosarcoma,  with  a  possible 
origin  in  a  mixed  tumor  of  the  salivary  gland  type.  The  second  case  was  a  spindle 
cell  sarcoma.  The  explanation  for  the  production  of  stridor  in  these  cases  is  in- 
teresting. The  tumor  invades  and  destroys  the  cartilaginous  rings  and  the  wall  of 
the  trachea  partially  collapses,  causing  a  narrowing  of  the  lumen.  Attention  is 
called  to  the  relatively  low  malignancy  of  these  tumors,  death  usually  being  due  to 
the  mechanical  effects  upon  the  respiratory  system  with  production  of  a  chronic 
anoxemia  and  subsequent  cardiac  failure. 

Basal  Metabolism  of  Tuberculous  Children,  III:  Bone  Tuberculosis.  A.  Topper. 
Am.  J.  Dis.  Child.  58:  778,  October  1939. 

Previous  studies  of  the  metabolism  of  afebrile  tuberculous  children  showed  that 
the  basal  metabolic  rate  can  be  used  diagnostically  to  determine  the  activity  of  a 
primary  pulmonary  infection. 

The  present  studies  were  made  to  see  whether  this  criterion  of  activity  could  also 
be  used  in  bone  tuberculosis. 

It  was  found  that  in  tuberculosis  of  bone,  the  general  metabolism  remains  normal, 
irrespective  of  whether  the  process  is  inactive,  or  active  with  draining  sinuses.  When 
the  condition,  however,  is  associated  with  active  primary  tuberculosis  of  the  lung, 
the  basal  metabolic  rate  is  elevated. 

These  studies  emphasized  the  fact  that  an  increased  basal  metabolism  in  the 
presence  of  a  normal  temperature  can  be  used  as  an  additional  criterion  of  activity 
of  a  primary  pulmonary  lesion.  Further,  when  an  afebrile  child  with  bone  tubercu- 
losis is  found  to  have  an  elevated  metabolism,  the  presence  of  an  active  primary 
pulmonary  lesion  should  be  suspected. 

The  Determination  of  Vitamin  C  in  Children  by  Intradermal  Injection.  H.  G.  Rapa- 
PORT  AND  S.  H.  Miller.  J.  Pediat.  15:  503,  October  1939. 
A  series  of  100  children  were  injected  intradermally  with  a  dichlorphenolindo- 
phenol  solution,  and  a  bluish  wheal  was  produced.  The  length  of  time  for  the 
blue  color  to  disappear  was  noted.  The  ascorbic  acid  of  the  blood  plasma  was  deter- 
mined by  the  Farmer  and  Abt  method,  and  the  authors  attempted  to  correlate  the 
time  taken  for  the  dye  substance  to  decolorize  with  the  amount  of  vitamin  C  in  the 
blood  plasma.  There  is  no  satisfactory  correlation  which  can  be  used  for  clinical 
purposes. 

Scoliosis  Following  Empyema.  S.  Selig  and  S.  Arnheim.  Arch.  Surg.  39:  798 
November  1939. 

This  study  was  undertaken  because  of  the  impression  that  scoliosis  was  an  occa- 
sional sequel  to  operations  for  empyema.  All  cases  of  non-tuberculosis  empyema 
operated  upon  during  the  years  1932-1936  who  could  be  reached  for  follow-up  exam- 
inations were  included  in  the  study  (sixty-five  cases). 

Five  of  the  sixty-five  patients  had  evidence  of  scoliosis  which  was  severe  in  only 
two  cases.  Thirteen  of  the  sixty-five  patients  had  chronic  empyema  and  all  the  sco- 
lioses appeared  in  this  group.  However,  other  cases  of  chronic  empyema  beginning 
in  childhood  did  not  develop  scoliosis.  Persistent  scoliosis  is  not  a  complication  of 
acute  empyema,  but  may  occur  as  a  complication  of  chronic  empyema  in  children. 

Peritonitis  in  Cats  Produced  by  Intraperitoneal  Injection  of  Bacillus  Coli  Suspended 
in  Mucin.    G.  P.  Seley.    Arch.  Surg.  39:  783,  November  1939. 
In  this  paper  there  is  presented  an  easy  method  of  producing  experimental  B.  coli 
peritonitis  in  cats.    Numerous  attempts  have  been  made  to  produce  bacterial 
peritonitis  in  animals.    Because  of  considerable  irregularity  of  the  results  obtained 
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by  most  of  these  previous  methods,  an  effort  was  made  to  develop  a  standardized 
method  for  producing  experimental  peritonitis.  Previous  investigators  have  re- 
ported the  successful  use  of  mucin  to  increase  the  virulence  of  induced  bacterial 
injection  in  mice  and  rats.  After  preliminary  work  with  mice,  rats  and  rabbits,  a 
simple  method  of  producing  fatal  suppurative  bacterial  peritonitis  in  cats  was 
developed.  A  human  strain  of  B.  coli  suspended  in  mucin,  when  injected  intra- 
peritoneally,  invariably  proved  fatal.  The  minimal  lethal  dose  was  63,000,000 
organisms.  This  method  is  at  present  proving  valuable  in  further  studies  on  various 
methods  of  prevention  and  treatment  of  experimental  peritonitis. 

Treatment  of  Venereal  Lymphogranuloma  with  Sulfanilamide.  A.  W.  M.  M.\rino, 
R.  TuRELL,  A.  M.  BuD.'v  ASD  L.  Xerb.  Am.  J.  Surg.  46  :  343,  November  1939. 
The  authors  treated  successfully  two  patients  with  anorectal  and  one  with  inguinal 
(glandular)  manifestations  of  venereal  lymphogranuloma  with  sulfanilamide  in 
large  doses  under  hospital  control.  A  concentration  of  5  or  more  mg.  of  free  sulfanil- 
amide per  100  cc.  of  blood  is  arbitrarily  advocated.  A  comparative  study  was  made 
utilizing  three  clinic  ambulatory  patients.  In  one  of  these  patients  the  concentra- 
tion of  sulfanilamide  in  the  blood  was  only  1  mg.  free  sulfanilamide  per  100  cc.  after 
the  supposed  daily  administration  of  3.5  gm.  of  sulfanilamide  until  50  gm.  were 
supposed  to  have  been  taken,  showing  that  ambulatory  patients  cannot  be  entrusted 
with  important  therapy.  Sulfanilamide  exerted  the  most  pronounced  effect  on  the 
inflammatory  and  suppurative  processes.  The  authors  emphasized  that  a  precise 
plan  of  sulfanilamide  therapy  for  these  patients  has  not  yet  been  evolved. 

Basal  Metabolism  of  Tuberculous  Children,  IV:  Children  with  Pneumothorax.  A. 
Topper  and  H.  S.  Rubin.    Am.  J.  Dis.  Child.  November  1939. 

Studies  were  made  of  the  basal  metabolism  of  children  in  whom  pneumothorax 
therapy  had  been  instituted.  The  average  basal  metabolic  rate  before  pneumo- 
thorax was  plus  7  per  cent. 

From  1  to  6  months  later,  the  average  B.M.R.  had  fallen  to  —3  per  cent;  from  6 
to  12  months  later,  the  average  was  —5  per  cent.  In  children  in  whom  collapse 
therapy  had  been  maintained  for  more  than  1  year,  the  average  basal  metabolism 
was  — 12  per  cent 

These  studies  indicate  that  the  basal  metabolism  is  lowered  by  pneumothorax 
therapy.  The  longer  the  pneumothorax  is  maintained,  the  lower  the  metabolism 
seems  to  fall. 

Studies  of  the  vital  capacity  of  these  children  gave  results  37  per  cent  lower  than 
the  expected  normal. 

Experimental  Biologically  Active  Ovarian  Tumors  in  Mice.  S.  H.  Geist,  J.  A.  Gaines 
AND  A.  D.  PoLL.\CK,  M.D.  Am.  J.  Obst.  &  Gynec.  38:  786,  November  1939. 
Through  the  medium  of  x-ray  irradiation  of  mice  at  puberty  two  tj'pes  of  ovarian 
tumors  are  produced:  tubular  adenomas  derived  from  the  surface  epithelium  and 
parenchymal  lutein  tumors.  The  latter  neoplasms  exhibit  hormonal  (estrogenic) 
activity,  expressed  in  proliferative  changes  in  the  endometrium  and  vaginal  mucosa. 
Histologically,  they  are  composed  of  granulosa  and  theca  cells  with  varying  degrees 
of  luteinization. 

The  histogenesis  of  these  neoplasms  was  studied  by  periodic  sacrifice  of  the 
animals  from  puberty  to  senescence.  The  luteinized  ovarian  tumors  were  found  to 
be  derived  from  undifferentiated  parenchyma.  While  the  theca  interna  cells  an- 
ticipate in  the  early  proliferation  and  luteinization,  the  mature  granulosa  cells  play 
no  role  in  the  genesis  of  these  neoplasms. 

The  histogenesis  of  analogous  human  tumors  may  well  be  identical. 
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The  Hemato-Encephalic  Barrier.  I:  A  Study  of  the  Clinical  Aspects  and  the  Mecha- 
nism of  Development  of  Hypertension  of  the  Cerebrospinal  Fluid  in  Hypertensive 
Disease.  M.  M.  Kesslee,  E.  Moschcowitz  and  X.  Savitsky.  J.  Xerv.  & 
Ment.  Dis.  90:  5,  November  1939. 
Cerebrospinal  hypertension  occurs  frequently  in  the  late  stages  of  hypertensive 
disease,  whether  of  essential  origin  or  that  associated  with  glomerulonephritis. 
Clinically,  this  phase  is  characterized  by  headache  and  papilledema.  In  most 
instances  the  patellar  reflexes  are  exaggerated  and  sometimes  there  is  exophthalmos. 
Unless  a  high  cerebrospinal  pressure  can  be  demonstrated  any  headache  in  hyper- 
tensive disease  must  be  viewed  with  suspicion  as  possibly  the  result  of  other  causes. 
The  papilledema  of  hypertensive  disease  is  never  an  isolated  retinal  phenomenon 
but  is  always  associated  with  the  arteriosclerotic  and  exudative  lesions,  and  repre- 
sents the  terminal  event  of  a  biological  process.  In  the  pathogenesis  of  papilledema 
of  hypertensive  disease  three  factors  enter;  (a)  an  increased  permeability  of  the 
hemato-encephalic  barrier,  (b)  an  increased  venous  pressure,  and  (c)  an  increase 
in  cerebrospinal  pressure.  These  agents  may  act  separately,  mutually  or  consecu- 
tively. In  the  mechanism  of  development  of  cerebrospinal  hypertension  in  hyper- 
tensive disease  the  volume  of  the  brain  and  spinal  cord,  owing  to  the  Monroe-Kellie 
doctrine,  is  of  negligible  importance.  The  increase  in  cerebrospinal  pressure  is 
caused  by  two  fa'ctors;  (a)  a  sustained  increase  in  venous  pressure,  and  (b)  increase 
in  permeability  of  the  hemato-encephalic  barrier.  These  factors  act  separately  or 
consecutively.  Increase  in  venous  pressure  causes  increase  in  cerebrospinal  pressure 
either  directly  by  causing  engorgement,  or  indirectly  by  increasing  the  permeability 
and  therefore  the  quantity  of  cerebrospinal  fluid.  An  increase  in  permeability  of 
the  hemato-encephalic  barrier  is  practically  the  rule  in  advanced  hypertensive 
disease.  When  such  an  increase  is  demonstrated,  the  patient  reveals  clinically 
the  most  advanced  symptoms  and  signs;  headache,  papilledema  and  cerebrospinal 
hypertension  are  nearly  always  present.  Increase  in  permeability  bears  no  con- 
sistent relation  to  disturbance  of  renal  function  or  to  the  genesis  of  the  hypertension. 
In  all  probability  the  increased  permeability  of  the  hemato-encephalic  barrier,  when 
not  complicated  by  increase  in  venous  pressure,  is  due  to  capillary  disease,  most 
likely  sclerosis,  within  the  barrier.  Systemic  arterial  pressure,  no  matter  how  high, 
does  not  directly  increase  the  cerebrospinal  pressure.  Indirectly  its  influence  may 
be  very  profound  by  inducing  an  increase  in  venous  pressure.  Osmotic  changes 
resulting  from  disturbed  metabolism  (electrolytes  and  protein)  in  hypertensive  dis- 
ease have  little  or  no  effect  upon  the  cerebrospinal  pressure. 

Acetanilid  Poisoning.    A.  Leslie.    J.  A.  M.  A.  113:  2229,  December  16,  1939. 

The  interesting  feature  of  the  case  presented  was  the  disappearance  of  the  head- 
ache on  withdrawal  of  the  acetanilid  containing  "Bromo-Seltzer",  which  had  been 
self -administered  for  migraine.  This  patient  had  taken  about  1.2  gm.  of  acetanilid 
daily  for  several  years  and  4.0-5.0  gm.  daily  for  two  months. 

The  semi-coma,  in  which  the  patient  was  first  seen,  was  quickly  relieved  by  ad- 
ministration of  abundant  fluids. 

Headache  can  actually  be  produced  by  continued  consumption  of  acetanilid,  and 
with  further  consumption  of  the  drug  in  an  effort  to  relieve  the  pain,  a  vicious  circle 
is  set  up.    This  is  easily  broken  by  complete  withdrawal  of  the  drug. 

Heavy  Oxygen  Exchange  Reactions  in  Proteins  and  Amino  Acids.    H.  Sobotka  and 
W.  H.  Hears.    J.  Am.  Chem.  Society,  61 :  880,  1939. 
The  oxygen  exchange  behavior  of  proteins  and  protein  derivatives  was  studied 
by  means  of  water  with  high  or  low  O^'  abundance.    The  only  oxygenous  group  in 
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amino  acids  which  exchanges  its  oxygen  against  that  of  water  was  found  to  be  the 
carboxyl  group  at  acid  reaction.  Albumin  at  neutral  reaction  did  not  exchange  any 
oxygen,  but  crystalline  pepsin,  as  representative  of  a  protein  soluble  at  strongly 
acid  reaction,  exchanged  13%  of  its  oxygen.  This  figure  corresponds  with  the  amount 
of  oxygen  present  in  the  free  carboxyl  groups  of  the  dicarboxylic  amino  acids  con- 
tained in  pepsin.  The  data,  in  addition  to  their  bearing  on  the  use  of  heavy  oxygen 
isotopes  in  metabolic  studies,  add  to  our  present  knowledge  of  amino  acid  distribu- 
tion in  pepsin.  This  investigation  was  supported  by  a  grant  from  The  Rockefeller 
Foundation. 
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THE  BIOLOGKWL  ROLE  OF  THE  STEROIDS  AND 
THEIR  BEARING  ON  CLINICAL  MEDICINE' 

HARRY  SOBOTKA,  PhD. 
[Chemist  lo  The  Mount  Sinai  Hospital,  \ew  York  City] 

I  shall  not  attempt  to  talk  tonight  about  the  chemical  constitution  of 
the  steroids  and  thereby  burden  you  with  elaborate  and  complex  struc- 
tural formulas.  Nor  shall  I  go  into  the  history  of  the  chemical  discoveries 
which  led  to  the  recognition  of  the  steroids  as  a  distinct  class  of  chemical 
compounds. 

The  steroids  are  a  group  of  organic  substances  of  plant  and  animal  origin. 
They  contain  no  nitrogen,  but  only  carbon,  hydrogen  and  oxygen.  They 
are  distinguished  by  a  .so-called  condensed  ring  .system,  which  consists  of 
four  interlocked  rings,  three  of  which  have  six  carbon  atoms  and  the  fourth 
one  five  carbon  atoms.  This  ring  system  was  recognized  by  Rosenheim 
and  King  in  London  in  1932  as  the  true  nucleus  of  the  sterols,  the  bile 
acids  and  the  female  sex  hormones,  the  chemical  study  of  which  had  just 
at  that  time  superseded  purely  physiological  studies.  A  catalog  of  deriva- 
tives belonging  to  this  group,  which  I  had  prepared  at  that  time,  comprised 
less  than  400  substances.  Dr.  Rosenheim  encouraged  me  to  publish  this 
catalog  of  chemical  and  physiological  properties  of  the  then  known  sterol 
derivatives  in  the  light  of  the  new  formula.  Then  .something  disconcerting 
happened.  While  I  was  working  on  the  manuscript,  more  and  more 
publications  appeared  in  rapid  succession  announcing  the  steroid  nature 
of  known  and  of  newly  discovered  natural  products,  including  all  the  sub- 
stances listed  on  the  diagram.  By  1937,  the  number  of  steroid  derivatives 
had  risen  to  4000,  and  the  mere  cataloging  of  their  formulas  and  chemical 
constants  filled  a  heavy  volume  (1). 

The  biological  role  of  the  sterids,  or  steroids,  is  .so  varied  in  nature  that 
its  discussion  leads  into  endocrinology,  pharmacology,  vitamin  research, 
the  study  of  malignant  tumors  and  problems  of  metabolism  in  general. 
I  shall  therefore  ask  you  to  bear  with  me  as  we  travel  back  and  forth  across 
this  map  (fig.  1).  It  might  seem  that  the  only  feature  which  unites  the 
steroids  is  their  chemical  similarity,  but  there  are  some  connections  be- 
tween them  of  a  deeper  nature,  which  await  detection  and  elucidation. 
There  certainly  is  no  doubt  that  the  clinician  will  encounter  steroid  com- 
pounds more  and  more  frequently  and  will  want  to  recognize  them  on  sight. 

I  have  asked  myself  the  question,  "What  trait  that  distinguishes  the 

'  The  first  in  A  Series  of  Lectures  on  the  Steroid  Hormones  delivered  at  the 
Blumenthal  Auditorium  of  The  Mount  Sinai  Hospital,  New  York,  March  7,  1941. 
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steroids  has  qualified  them  for  the  performance  of  so  wide  an  array  of 
physiological  functions  as  is  indicated,  for  instance,  by  the  titles  of  the 
lectures  in  this  series?" 

There  are  three  big  groups  of  organic  compounds  which  comprise,  by  a 
tremendous  margin,  the  bulk  of  existing  animal  and  plant  tissue.  These 
groups,  proteins,  carbohydrates  and  fats,  are  in  constant  exchange  with. 
the  inorganic  world,  through  the  agency  of  carbon  dioxide,  water  and 
ammonia  as  the  main  carriers  of  respiratory  and  digestive  metabolism. 
The  same  goes  for  water,  inorganic  salts  and  the  minerals  making  up  the 
skeleton.  The  organic  substances  mentioned  belong,  by  and  large,  to 
the  straight  chain  or  aliphatic  type.  If  we  now  scrutinize  hve  matter  for 
the  occurrence  of  cychc  compounds,  there  are  a  few  surprises  in  store  for 
us.  The  total  amount  of  c\'clic  compounds  in  organic  nature  is  probably 
less  than  one  per  cent  by  weight.  Single  rings  occur  in  tyrosine  and  a  few 
other  amino  acids,  and  these  aromatic  amino  acids  belong  to  the  most 
essential  and  important  constituents  of  proteins,  and  perhaps  determine 
the  shape  and  magnitude  of  the  protein  molecule.  By  slight  modifications, 
they  give  rise  to  the  hormones  adrenaline  and  thyroxine.  Single  rings 
also  occur  in  the'  terpenes  and  essential  oils  of  widespread  occurrence 
among  plants;  also  in  the  carotenoids,  including  the  vitamin  A  group,  and 
finally  in  the  fertility  vitamin,  tocopherol. 

The  naphthalene  nucleus,  con.sisting  of  two  condensed  rings,  is  very  rare. 
It  occurs  only  in  vitamin  K  and  in  some  sex  hormone-like  substances  in 
lower  animals.  The  anthracene  type,  thi'ee  condensed  rings,  is  known 
only  in  some  rare  plant  products,  for  instance,  some  cathartic  drugs. 

Of  the  many  possible  sj'stems  consisting  of  four  rings,  by  far  the  most 
important  is  cyclo-penteno-phenanthrene,  the  parent  substance  of  the 
steroids.  The  steroids  comprise  only  a  fraction  of  one  per  cent  of  the  bodj- 
weight,  but  they  are  of  a  very  solid  structure,  persisting  long  beyond  the 
death  of  the  individual  and  long  after  carbohydrate,  protein  and  fat  have 
decomposed.  The  preferential  formation  of  this  cyclo-penteno-phenan- 
threne nucleus,  to  the  complete  exclusion  of  other  four-ring  sj^stems,  and 
in  amounts  surmounting  that  of  all  other  cyclic  substances  combined, 
testifies  to  the  great  stability  of  the  steroids.  This  empiric  impression  of 
sturdiness  will  eventually  be  borne  out  by  thermod^Tiamic  evidence,  as 
well  as  by  the  interpretation  of  its  molecular  morphology,  or  one  should 
perhaps  saj-,  molecular  architecture.  Obviously,  the  constitution  of  the 
steroids  combines  a  maximum  of  stability  with  a  maximum  of  potential 
reactivity,  and  by  an  assortment  of  substituents  and  side  chains,  the 
steroid  molecule  may  be  directed  into  pivotal  points  in  organs,  tissues  and 
cells  as  its  sphere  of  action. 

In  order  to  acquaint  you  with  the  various  functions  of  steroids,  I  have 
prepared  this  diagram,  which  I  shall  use  for  two  purposes.  First,  it  is 
to  serve  as  a  sort  of  table  of  contents  for  this  series  of  lectures.    The  inner 
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circle  comprises  the  animal  steroids,  the  outer  circle  the  plant  steroids. 
Both  are  arranged  so  that  the  number  of  carbon  atoms  deci'eases  when  we 
proceed  in  a  clockwise  sense.  Cholesterol,  the  tj'pical  sterol  of  higher 
animals,  has  27  carbon  atoms.  The  bile  acids  have  24  carbon  atoms,  but 
the  bile  of  the  shark  contains  a  substance  called  scymnol  with  27  carbon 
atoms.  A  further  shortening  of  the  side  chain  leads  to  two  groups  of 
hormones  with  21  carbon  atoms,  the  corpus  luteum  hormone,  which  will 
be  the  subject  of  Dr.  E.  C.  Hamblen's  lecture-  on  April  30,  and  the  hor- 


FiG.  1.  Diagram  of  interrelationship  of  steroids 


mones  of  the  adrenal  cortex,  including  their  artificial  derivatives  such  as 
desoxycorticosterone,  which  will  be  discussed  by  Dr.  George  W.  Thorn^  a 
week  from  today.  Complete  absence  of  the  long  side  chain  characterizes 
the  male  hormones,  which  will  be  discussed  on  April  28.  Loss  of  another 
carbon  atom,  by  which  the  molecule  is  practically  stripped  to  the  bare 
cj'clo-penteno-phenanthrene  nucleus,  and  the  simultaneous  occurrence  of 
three  double  bonds  leads  to  the  estrogenic  substances  with  18  carbon  atoms, 

-To  be  published  in  this  Journal,  Vol.  VIII,  No.  6  (March-April),  1942. 
'  To  be  published  in  this  Journal,  Vol.  VIII,  \o.  o  (January-February),  1942. 
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on  which  you  will  hear  Dr.  Robert  T.  Frank*  a  month  from  today.  For 
reasons  to  be  discu.ssed  later,  we  have  included  methyl-cholanthrene  as 
a  representative  of  carcinogens  of  steroid  .structure,  which,  however,  carry 
an  even  greater  number  of  double  bonds  than  the  partly  unsaturated  estro- 
gens. The  special  account  of  the  carcinogens  by  Dr.  C.  P.  Rhoads*  will 
conclude  this  series  on  May  12. 

]Many  of  the  groups  of  animal  steroids  have  their  counterpart  amongst 
plant  stei'oids.  Great  similarity  with  cholesterol  is  exhibited  by  the 
phytostercls  of  the  higher  plants  and  the  fungisterols,  such  as  the  ergosterol 
of  ergot,  yea.st  and  other  micro-organisms.  A  few  families  of  plants 
elaborate  soap-hke  substances  designated  as  saponins  in  their  seeds.  The 
saponins  are  combinations  of  sugar  with  .so-called  sapogenins,  and  these 
sapogenins  are  steroids.  The  saponins  are  extremely  surface-active  and 
in  this  re-spect  resemble  the  bile  acids.  Their  surface  activity  has  been 
used  occasionalh'  as  a  means  of  promoting  diffusion  of  therapeutic  agents, 
but  the  significance  of  these  plant  glucosides  for  the  modem  clinician  is 
minimal  in  comparison  with  that  other  great  group  of  plant  steroids,  the 
cardiac  glucosides. 

The  cardiac  glucosides  consist  likewise  of  a  few  sugar  molecules  bound 
to  a  steroid,  which  is  again  called  a  "genin."  ^\^lile  the  genins  are  most 
important  for  chemical  structural  investigations,  much  greater  pharmaco- 
logical actiAdty  is  exerted  by  the  glucosides.  The  hydroly.sis  of  the  gluco- 
sides by  chemical  means,  such  as  acids,  or  by  specific  enzj^mes  leads  to  the 
genins,  and  to  avoid  this  hj^drolysis,  special  precautions  must  be  taken  in 
the  collection  and  drying  of  the  plant  leaves.  The  knowledge  of  these 
pi'ocedures  goes  far  back  into  the  folk-lore  of  civilized  peoples  and  savages, 
familiar  with  the  beneficial  as  well  as  the  poisonous  action  of  these  gluco- 
sides. The  most  important  effect  common  to  these  drugs  is  on  the  heart. 
This  effect  is  exploited  on  the  greatest  scale  in  digitaUs  therapj'  (2). 
[Minimal  quantities  of  digitaUs  preparations  enable  a  weakened  heart  to 
perfoiTD  much  more  mechanical  work  without  exhausting  its  reserve  power, 
and  to  a  great  extent  to  overcome  impaired  oxygen  supply.  The  emer- 
gence of  digitaUs  therapy  on  a  scientific  basis  about  100  years  ago  pushed 
into  the  background  the  use  of  related  plant  products  such  as  strophantus, 
the  related  ouabaine  and  the  .slightly  differently  constituted  squill  gluco- 
.sides.  Differences  in  the  chemical  .structure  both  of  the  sugar  and  of  the 
genin  moieties  of  these  substances  modify  their  effect  on  the  heart.  Digi- 
taUs, for  instance,  is  rather  insoluble;  ea.sily  fixed  to  the  tissues,  its  action 
is  cumulative  and  of  slow  onset.  Strophanthin,  on  the  other  hand,  because 
of  its  greater  solubility,  acts  immediately,  is  not  fixed  and  not  pronouncedly 
cumulative;  hence  its  use  in  conservative  amounts  in  cases  of  acute  heart 
insufficienc3^  that  have  not  been  treated  with  digitalis  is  a  valuable  addition 

^  Dr.  Frank's  lecture  appears  in  this  issue  of  the  Journal,  pg.  269. 
^To  be  published  in  this  Journal,  Vol.  IX,  Xo.  1  (May-June),  1942. 
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to  heart  therapy.  The  so-ealled  disilanids,  in  recent  years  obtained  by 
Stoll  (3)  from  digitalis  lanata,  a  variety  of  foxglove,  again  differ  in  action 
from  digitalis  and  strojjhanthin,  the  two  extreme  types  mentioned  before. 
Other  cardiac  glucosides  of  exotic  origin,  such  as  thevetin,  likewise  deser\  e 
the  consideration  of  the  pharmacologist  and  of  the  cardiologist,  and  I  do 
not  doubt  that  the  recognition  of  their  chemical  structure  will  e\'entually 
lead  to  synthetic  steroids  with  cardiac  action  made,  as  it  were,  to  the  order 
of  the  physician. 

On  the  diagram  I  ha\  c  placed  the  toad  poisons,  animal  steroids  with 
24  carbon  atoms,  in  the  same  sector  with  the  cardiac  glucosides,  because 
of  their  similar  pharmacological  and  toxicological  character.  Attempts  to 
deepen  oiu'  knowledge  of  the  mechanism  of  action  of  cardiac  glucosides 
have  recently  led  to  observations  on  their  effect  on  the  potassium  metabo- 
lism (4),  and  this,  if  confirmed,  would  justify  placing  them  in  the  .same 
sector  with  corticosterone,  the  hormone  of  the  cortex  of  the  suprarenal 
gland. 

I  wish  to  mention  in  pa.ssing  that  estrogenic  and  also  androgenic  effects 
have  been  observed  in  certain  plant  extracts,  which  may  logically  be 
attributed  to  steroid  substances.  You  will  hear  more  about  this  in 
Dr.  Frank's  lecture. 

Little  or  nothing  is  known  about  the  botanical  counterparts  of  the  other 
steroid  hormones,  and  there  are  some  blank  spots  to  be  filled  in  yet.  For 
the  sake  of  completeness  I  may  remark  that  I  am  not  aware  of  any  report 
on  carcinogenic  action  of  steroid  or  hydi-ocarbori  extracts  from  live  plants 
(the  effect  of  the  alkaloid,  colchicine,  is  of  a  different  nature).  The  car- 
cinogenic hydrocarbons  originally  obtained  from  certain  coal  tar  fractions 
may,  however,  be  considered  as  secondary  products  derived  from  fossil 
plant  constituents. 

We  shall  now  return  to  the  animal  steroids.  A  .substance  related  to  the 
steroids  but  of  somewhat  different  chemical  structure  is  lanolin,  adeps 
lanae,  obtained  from  sheep  wool.  Its  occurrence  in  the  company  of,  and 
in  mixture  with,  true  fats  I'eminds  one  of  the  true  sterols,  and  so  does  its 
general  physical  character.  While  not  water-soluble  of  itself,  it  tends  to 
mix  without  separation  with  a  multiple  of  its  own  weight  of  water.  This 
makes  it  suitable  as  a  carrier  for  salves  and  ointments.  Lanolin  and  .some 
artificial  oxidation  products  of  cholesterol,  which  have  similar  properties, 
are  thus  widely  used  in  dermatological  therapy  and  for  related  purposes 
as  bland  carrier  substances. 

The  tme  sterols  find  their  best  knovMi  and  most  important  representative 
in  cholesterol.  It  was  first  isolated  and  recognized  as  a  chemical  individual 
hy  Poulletier  de  la  Salle  and  then  by  Chevreuil,  who  obtained  it  from 
cadaver  fat,  from  spermaceti  and  from  gall  stones;  hence  its  name,  "chole" 
meaning  bile  in  Greek,  and  "stereos"  solid. 

Our  knowledge  of  cholesterol  forms  a  strange  mosaic.    Because  of  the 
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rather  accurate  methods  of  quantitative  analysis,  there  is  a  wealth  of  data 
on  the  concentration  of  cholesterol  in  all  body  fluids  and  tissues  under 
physiological  and  pathological  conditions.  But  between  these  data  are 
stretches  of  unknown  territory,  where  extremely  little  is  known  regarding 
the  function  of  cholesterol  in  health  or  disease,  or  the  significance  of  its 
increases  and  decreases;  less  yet  is  known  about  the  mechanisms  by  which 
cholesterol  influences  metabolic  processes.  Like  lanolin,  to  which  I  com- 
pared it  before,  and  on  the  other  hand  like  lecithin  and  other  phosphatids, 
whose  physiological  function  is  equally  puzzling,  cholesterol  is  not  water- 
soluble  in  the  .strict  sense  of  the  word;  however,  as  a  rule  without  forming  a 
visible  emulsion,  it  occurs  in  di.sper.sed  form  in  the  body  fluids,  where  it 
and  the  proteins  influence  each  other's  solubility.  Because  of  this  dual 
nature,  intermediary  between  water-soluble  and  lipoid-soluble  substances, 
cholesterol  is  especialh^  apt  to  occur  on  surfaces  and  interfaces,  where  it 
may  arrange  itself  in  monomolecular  layers.  WTien  working  with 
Dr.  Langmuir  on  the  properties  of  cholesterol  layers  one  molecule  thick, 
I  calculated  that  red  blood  corpuscles  in  one  cubic  centimeter  of  blood 
have  a  combined  surface  of  7,000  square  centimeters  (about  eight  square 
feet).  To  cover  this  area  with  a  monolayer  of  cholesterol  requires  about 
as  much  cholesterol  as  is  contained  in  the  di.s.solved  state  in  the  surrounding 
blood  pla.sma  (about  2  mg.).  This  relationship  may  be  important  in 
nephro.sis,  where  the  blood  contains  an  increased  amount  of  cholesterol 
and  where  the  blood  corpuscles  display  enhanced  resistance  to  hemoh-- 
sis  (5).  The  property  of  hpemic  sera,  which  are  also  rich  in  cholesterol, 
to  putref}^  less  easily  than  normal  serum  is  perhaps  due  to  similar  .surface 
phenomena. 

We  find  the  cholesterol  level  of  the  blood  definitely  increased  in  biliary 
obstruction,  which  will  be  discus.sed  a  little  later;  this  is  true  also  in  dia- 
betes, starvation,  pregnancy  and  in  nephrotic  conditions,  the  rare  true 
lipoid  nephrosis  and  the  more  frequent  nephrotic  stages  of  glomerular 
nephritis,  conditions  in  which  cholesterolemia  is  as.sociated  with  increa.se 
of  the  other  lipoids  in  the  blood.  The  hypothesis  has  been  advanced  that 
in  all  the.se  instances  the  cholesterolemia  is  a  response  to  hypoproteinemia, 
the  latter  ari.sing  either  from  the  loss  of  albumin  by  albuminuria  or  stan'a- 
tion  or,  in  pregnancy  from  the  greater  hydration  of  the  circulating  blood  of 
the  mother  in  adaptation  to  the  lower  protein  content  of  the  fetal  blood,  as 
Dr.  J.  Xovak  has  pointed  out  to  me.  The  lowering  of  the  colloid-osmotic 
pressure  of  the  serum  in  these  cases  is  perhaps  counteracted  b}'  the  colloid- 
osmotic  pressure  of  the  lipoids. 

The  liver  plays  a  significant  role  in  cholesterol  metabolism.  This  is 
evidenced  b\-  the  drop  of  blood  cholesterol  in  parenchymatous  liver  disease 
as  long  as  biliary  obstruction  Ls  absent.  The  lowering  of  the  serum  choles- 
terol is  considered  typical,  together  with  the  lowering  of  other  serum  lipoids, 
in  hj-perthyroidism,  while,  on  the  other  hand,  cholesterol  is  high  in  hj-po- 
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tliyioidism  and  after  cxpoiimontal  thyroidectomy,  e.g.,  according  to  experi- 
ments by  Fleisclimann  at  Johns  Hopkins  (G).  ^Nliich  observational 
material  has  been  gathered  on  the  cholesterol  level  in  eczema  and  various 
allergic  conditions,  but  one  could  hardly  venture  beyond  the  general 
statement  that  there  is  a  concatenation  between  cholesterol,  protein 
metabolism  and  liver  function. 

Cholesterol  carries  an  alcoholic  hydroxyl  group  which  permits  its  com- 
bination with  fatty  acids,  such  as  oleic  or  palmitic  acid,  to  form  cholesterol 
esters.  In  normal  individuals  two-thirds  to  three-fourths  of  the  cholesterol 
is  in  the  esterified  form.  In  parenchymatous  liver  disea.se,  especially  in 
li\-er  atrophy,  in  acute  episodes  of  liver  cirrhosis  and  during  the  later  stages 
of  prolonged  biliary  obstruction,  the  ester  percentage  drops  and  may  reach 
zero;  that  means  complete  absence  of  cholesterol  esters  in  the  terminal 
stages  of  these  conditions.  The  determination  of  the  cholesterol  esters 
and  the  obserwation  of  tliis  ester-drop  by  Thannhauser  was  extensiveh' 
studied  in  our  own  laboratory  by  E.  Z.  Epstein  (7).  The  increase  of  the 
ester  fraction  in  blood  on  standing  has  been  observed  by  Sperry  (8)  and 
suggests  a  complex  interaction  between  enzymatic  sj^nthesis  and  hydrolysis 
in  the  liver  and  the  blood. 

In  addition  to  these  wide  deviations  of  blood  cholesterol  in  acute  disease, 
we  must  also  consider  disturbances  of  cholesterol  metabolism  which  may 
not  always  be  mirrored  by  a  change  in  the  blood  level  of  cholesterol. 
Dr.  Thannhauser  will  discuss  on  March  24  some  of  the  clinical  aspects  of 
cholesterol  metabolism  in  connection  with  xanthomatosis.  Cholesterol 
accumulates  specifically  in  certain  body  tissues,  (a)  in  the  majority'  of 
human  gall  stones,  (b)  in  atheromatous  lesions  in  arteriosclerosis,  (c)  in  the 
cholesterol  type  of  lipoidosis,  so-called  Schueler-Christian  disease,  and  in 
xanthomata,  xanthelasmata,  arcus  senilis,  etc.  It  is  remarkable  that  in 
the  conditions  mentioned  the  deposition  of  cholesterol  is  usualh'  accom- 
panied by  the  deposition  of  carotene,  whose  only  known  biological  function 
is  that  of  precursor  to  vitamin  A.  There  is  no  simple  correlation  between 
the  occurrence  of  gall  stones  or  of  sclerotic  lesions  and  the  incidence  of  a 
high  cholesterol  level  in  the  blood,  but  xanthomatous  lesions  and  xanthemia 
are  usuall}'  associated  with  high  cholesterol  values. 

I  am  convinced  that  the  blood  cholesterol  values  cannot  tell  us  the  whole 
story,  but  sometimes  gives  us  a  distorted  cross-section.  Three  factors 
deserve  consideration  in  this  regard. 

(a)  Becau.se  of  the  interrelation  of  cholesterol  solubility  with  other  col- 
loidal serum  constituents,  primarily  proteins  and  perhaps  the  phosphatids, 
it  may  be  desirable,  although  at  present  not  practicable,  to  consider  choles- 
terol saturation  and  capacity  rather  than  absolute  cholesterol  content  (9). 
The  tendency  for  cholesterol  to  form  pathological  depo.sits  may  depend  on 
the  capacity  of  the  .serum  to  carry  small(#  or  larger  amounts  of  cholesterol 
and  on  the  relation  of  this  capacity  to  the  cholesterol  actualh'  carried. 
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Tests  for  the  study  of  these  conditions  have  been  developed  but  have  not 
yet  found  general  acceptance. 

(b)  A  study  of  the  diurnal  variations  of  the  cholesterol  level  in  relation 
to  time  and  composition  of  meals  makes  obvious  the  importance  of  the 
nutritional  state  of  the  individual.  Cholesterol  exerts  a  carrier  function 
for  fatty  acids,  which  perhaps  explains  its  rise  in  the  blood  during  inani- 
tion, when  it  helps  in  the  mobilization  of  peripheral  fat  depots. 

(c)  Cholesterol  results  often  appear  erratic  in  spite  of  elaborate 
analytical  methods,  and  one  finds  in  a  series  of  hundreds  of  cases  of  .sup- 
posedly normal  controls  a  considerable  number  of  values  between  250  and 
400  milligrams  per  cent,  regardless  of  the  method  used,  while  the  majority 
of  the  cases  conforms  to  a  level  of  180  to  220  milligrams  per  cent.  A  recent 
study  of  a  large  famih-  by  Svendsen  (10)  offers  the  interesting  suggestion 
that  there  exists  a  gene  for  the  high  blood  cholesterol  group,  and  that  in 
every  instance  of  a  so-called  "unjustified"  high  cholesterol  value,  a  similarl}' 
high  value  will  be 'found  in  at  least  one  of  the  parents. 

Another  aspect  of  cholesterol  metabolism  concerns  the  presence  of 
cholesterol  in  the  bile.  The  bile,  as  excreted  by  the  liver,  contains  50  to 
100  milligrams  per  cent  of  cholesterol,  all  in  the  non-esterified  form.  The 
significance  of  its  presence  is  unknown,  but  we  do  know  that  under  certain 
abnormal  conditions,  especially  in  infection  and  when  the  bile  becomes 
more  acid  than  ordinarily,  the  bile  loses  its  dissolving  power  for  cholesterol, 
resultmg  in  the  formation  of  cholesterol  stones.  The  history  of  these 
stones  varies,  and  it  is  an  interesting  task  to  compare  the  concentric 
stratification,  the  inclusion  of  protein  and  pigmented  laj'ers  with  the 
recorded  disease  symptoms.  Similar  to  the  methods  of  the  gcologi.'^t,  the 
clinical  historj^  can  be  reconstructed  from  the  mineral  recoi"d. 

Often  gall  stones  cause  obstruction  not  only  sealing  off  the  gall  bladder, 
but  interiiipting  the  flow  of  the  bile  through  the  ductus  hepaticus  and  com- 
munis into  the  intestine.  Similar  obstmction,  caused  by  inflammation  or 
by  neoplasms,  results  in  regurgitation  of  the  bile  through  the  hver  into 
the  blood  stream.  The  resulting  jaundice  is  accompanied  by  hj^per- 
cholesterolemia.  The  naive  conception  that  this  increase  of  the  cholesterol 
level  in  the  blood  is  due  to  the  accumulation  of  cholesterol,  which  otherwise 
would  be  excreted  as  such  in  the  bile  flow,  does  not  stand  up  under  mathe- 
matical analysis.  One  often  may  observe  a  ri.se  from  250  milligrams  per 
cent  to  more  than  twice  this  value  within  a  few  days.  If  one  tried  to 
account  for  this  amount  hy  the  biliary  cholestei'ol,  such  a  ri.se  would  take 
a  minimum  of  four  to  six  weeks.  What  I  consider  the  correct  explanation 
leads  us  into  the  field  of  the  bile  acids,  which,  as  you  see  indicated  on  the 
table,  contain  three  fewer  carbon  atoms  than  cholesterol.  It  is  eas}'  from 
the  chemical  viewpoint  to  imagine  that  bile  acids  originate  from  cholesterol 
or  from  a  common  precursor.  • 

According  to  an  estimate  which  I  shall  substantiate  presently,  the  liver 
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produces  about  three  grams  a  day  of  bile  acids  under  normal  conditions, 
to  make  up  for  the  loss  through  the  feces.  In  biliary  obstruction,  when 
no  bile  and  no  t)ile  acids  reach  the  intestine,  this  production  seems  to 
stop  abruptly.  A  simple  computation  shows  that  the  regurgitation  of 
four  hours'  output  of  bile  acids  into  the  circulation  would  cause  lethal  bile 
acid  jjoisoning.  Of  course,  bile  acids  do  reach  the  blood  stream  and  hence 
the  urine  in  increased  quantities  at  the  onset  of  obstruction,  but  the  actual 
amounts  are  minimal  compared  to  the  productive  capacity  of  the  liver. 
Thus,  it  seems  that  the  rapid  increase  in  the  serum  cholesterol  takes  a 
vicarious  place  and  demonstrates  a  qualitative  shift  from  the  production 
of  the  one  steroid  group,  the  bile  acids,  to  another  steroid  group,  cholesterol. 

The  bile  acids  and  their  sodium  salts,  the  bile  salts,  are  a  group  of  steroids 
which  has  attracted  the  attention  of  physicians  since  Biblical  times. 
Certain  therapeutic  effects  of  bile  were  known  in  antiquity.  Its  detergent 
action  and  perhaps  bactericidal  effect  upon  organisms  of  the  pncumococcus 
type,  the  so-called  Xeufeld  phenomenon,  were  known  to  the  angel 
who  appeared  to  Tobias  (11)  and  advised  him  to  use  fish  bile  to  cure  his 
father's  blindness,  which  was  presumably  due  to  some  pneumococcus-like 
infection  common  at  the  time  and  place.  Another  therapeutic  effect  of 
the  bile,  due  to  its  content  of  bile  acids,  is  its  cathartic  action  when  given 
-per  OS  or  rectally.  Finally,  bile  preparations  have  been  used,  on  and  off, 
to  stimulate  bile  production  itself.  The  numerous  other  drugs  besides 
bile  salts  which  affect  the  bile  flow  are  inorganic  salts,  alkaloids,  synthetic 
drugs  and  physiological  agents  like  hormones.  Digestion,  starvation, 
gestation  and  lactation  likewise  influence  the  bile  flow  in  a  number  of 
ways.  The  variables  are  the  total  volume  of  the  bile,  its  acidity  anfl  the 
absolute  and  relative  constitution  of  its  main  components. 

We  have  mentioned  cholesterol  before  as  one  of  them.  ]\Iucin,  which 
functions  as  a  lubricant  of  the  bile  passages,  and  the  bile  pigments,  pri- 
marily- bilirubin,  which  may  be  considered  a  purely  excretory  product,  are 
other  bile  constituents.  However,  it  is  the  bile  acids,  the  most  important 
ingredient  of  bile,  which  earn  it  the  name  of  a  secretion  rather  than  an 
excretion  and  make  it  one  of  the  important  digestive  juices.  They  are  of 
great  variety  and  show  interesting  variations  from  one  species  of  animal 
to  another  in  their  chemical  constitution.  Bile  acids  are  produced  by 
practically  all  vertebrate  animals  with  the  excejition  of  the  cai  tilaginous 
fish,  the  shark,  whose  bile  contains  the  neutral  steroid,  scymnol. 

The  bile  acids  come  from  the  liver  in  the  conjugated  state.  What  is 
conjugation?  Conjugation  is  the  combination  of  a  water-insoluble  sub- 
stance with  a  group  that  imparts  to  it  greater  water  solubility.  We  have 
mentioned  that  the  plant  steroids  both  of  the  saponin  and  of  the  cardiac 
group  are  made  more  soluble  by  conjugation  with  sugars.  Toad  poison 
is  conjugated  with  suberic  acid  and  the  amino  acid,  arginine.  Conjugation 
is  used  l)v  the  body  for  all  sorts  of  detoxification  processes,  as  in  the  excre- 
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tion  of  benzoic  acid  as  hippuric  acid,  of  cinnamic  acid  as  cinnamoyl  glycine 
(12).  This  conjugation  mechanism  is  located  according  to  species  in  liver 
or  kidney.  It  is  eas}'  to  understand  that  this  mechanism  is  also  used  in 
order  to  increase  the  solubilitj^  of  bUe  acids,  and  hence  their  efficiency  as 
emulsif^dng  agents  in  the  resorption  of  fats  from  the  intestine.  The  free 
bile  acids,  cholic  acid  and  the  especially  effective  deoxycholic  (or  desoxy- 
cholic)  acid,  are  conjugated  with,  the  amino  acids,  glycine  or  taurine,  to 
form  gh'cocholic  acid,  taurocholic  acid,  etc.  The  analysis  of  the  bile  acids 
offers  great  difficulties.  A  whole  sj^stem  of  anah'tical  procedures  to  dif- 
ferentiate between  the  various  bUe  acids  obtained  from  fistular  bile  has 
been  devised  b}-  Doubilet  (13)  in  these  laboratories.  The  determination 
of  the  bile  acids,  as  to  quantity  and  quality,  in  the  blood  stream  stUl 
offers  inmiense  difficulties. 

Bile  is  excreted  from  the  liver  approximately  as  a  two  per  cent  solution 
of  bUe  salts  with  a  pH  of  about  8.    During  the  stay  in  the  gall  bladder  the 
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Fig.  2.  Entero-hepatic  circulation  of  bile  (from  Sobotka,  H.:  Physiological  Chem- 
istrj^  of  the  Bile,  Baltimore,  Wilhams  &  Wilkins,  1937). 

bile  is  concentrated  about  five  times,  and  its  pH  becomes  more  acid  (pH  =  6 
to  5),  while  sodium  is  lost  in  the  form  of  carbonate  by  diffusion  through 
the  gall  bladder  wall.  It  was  shown  by  Ottenberg  and  Kahn  (14)  in  our 
laboratory  that  it  is  practically  impossible  to  influence  the  pH  of  the  bile 
by  dietary  measures,  because  of  its  very  efficient  buffering  mechanism. 
The  bile  flow  in  a  normal  adult  is  between  1000  and  1500  cc.  of  liver  bile 
in  24  hours.  Anunal  experiments  indicate  that  approximately  one-seventh 
of  the  bile  acids  excreted  into  the  intestine  are  lost  through  the  feces,  and 
a  simple  consideration  shows  that  the  maintenance  of  an  even  bile  flow 
requires  the  production  of  that  same  amount  everj^  day.  When  all  the 
bile  is  permanently  withdrawn  through  an  outside  fistula,  the  liver  can  be 
induced  to  produce  much  more  than  under  normal  conditions  with  the 
entero-hepatic  bile  flow  intact.  I  cannot  go  into  the  details  of  the  recovery 
of  the  bile  acids  from  the  intestine,  but  the  diagram  indicates  that  the 
Ij-mph  flow  participates  in  this  circulation  (fig.  2).    The  complementary 
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effect  of  biliary  and  pancreatic  secretion  upon  the  digestion  and  resorption 
of  fats  is  too  well  established  to  require  discussion.  The  influence  of  bile 
acids  on  the  resorption  of  deficiency  factors,  such  as  vitamin  A  and  its 
precursor,  carotene;  vitamin  D  (calciferol)  and  its  precursor,  ergosterol; 
of  tocopherol  (vitamin  E)  and  other  lipoid  factors,  such  as  the  unsaturated 
fatty  acids  cooperating  in  the  vitamin  B  complex,  are  also  affected  by  the 
bile  flow. 

So  much  for  the  bile  acids  and  their  biological  i-ole,  about  which  Ave  are 
relatively  well  informed.  In  the  case  of  the  \  arious  steroid  hormones,  we 
know  much  about  the  physiological  and  pathological  pictures  caused  by 
their  absence  and  b.y  their  administration  in  various  forms,  by  various 
routes  and  in  various  quantities.  But  here  our  knowledge  ends,  and  we 
cannot  go  beyond  vague  conjectures  why  these  substances,  which  are  so 
similar  to  each  other  in  chemical  structure  and  physical  properties,  so 
specihcally  affect  the  primary  and  secondary'  sex  organs,  the  integument 
and  other  organs  and  tissues. 

Our  knowledge  is  similarly  limited  in  the  case  of  the  vitamins  D,  a  group 
of  substances  derived  from  animal  as  well  as  plant  sterols  by  irradiation. 
Here  again,  physiological  and  pathological  observation  is  far  ahead  of  a 
chemical  explanation  for  the  influence  of  this  group  of  bone  metabolism. 
The  same  holds  for  the  related  powerful  synthetic  derivative,  dihydro- 
tachysterol,  known  as  "AT  10." 

I  come  now  to  the  last  part  of  this  lecture.  I  said  before  that  this 
diagram  (fig.  1)  was  to  serve  two  purposes.  First  it  served  as  a  table  of 
contents,  but  now  I  wish  to  use  it  to  illustrate  the  biogenetic  interrelation 
between  these  steroids.  The  following  facts  stand  out.  The  animal 
organism  is  able  to  .synthesize  the  steroid  skeleton  without  recourse  to  the 
ingestion  of  plant  steroids.  This  has  been  proved  by  numerous  ingenious 
animal  experiments,  for  instance,  by  Schoenheimer  (15)  in  studies  of  the 
cholesterol  balance  of  the  laying  hen. 

Chemical  considerations  indicate  that  the  structure  of  the  steroids,  like 
that  of  the  carotenoids,  can  be  traced  to  C5  units  of  the  isoprene  type.  An 
alternative  theory  advanced  by  Reichstein  assumes  C3  units  of  carbo- 
hydrate type.  The  sjti thesis  of  the  steroid  skeleton  from  small  units  has 
been  confirmed  by  experiments  with  deuterium.  The  controversy  con- 
cerning the  ultimate  groups  u.sed  in  this  synthesis,  while  not  acute  at 
present,  is^not  without  importance,  since  the  isoprene  structure  may  be 
biogenetically  related  to  the  essential  amino  acid,  leucine;  in  other  words, 
"Are  steroids  ultimately  .synthesized  in  the  wake  of  protein  metabolism  or 
of  carbohydrate  metabolism?" 

On  the  ba.sis  of  the  conception  that  ontogenetic  development  duplicates 
phylogenetic  development,  important  clues  concerning  the  steroids  may 
be  expected  from  Comparative  Biochemistry.  Phytosterols  make  their 
appearance  in  monocellular  organisms.    The  sterols  found  in  lower  animals 
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resemble  phytosterols  in  structure  and  may  be  of  alimentar\'  origin; 
cholesterol  found  in  invertebrates  may  likewise  be  alimentarj-  and  due  to 
carnivorous  habits.  S.ynthesis  of  cholesterol  becomes  a  certainty  only  in 
the  vertebrates.  Here,  except  for  the  lower  types  of  fish,  the  bile  acids 
make  their  appearance,  hand  in  hand  with  the  emergence  of  a  calcified 
skeleton,  with  the  requirement  of  vitamin  D,  the  development  of  the 
parathyroid  gland,  etc.  It  is  most  likelj'  that  steroid  hormones  are  absent 
in  the  invertebrates,  that  is,  in  animals  which  seem  to  be  unable  to  syn- 
thesize the  higher  steroids. 

I  cannot  at  this  occasion  discuss  the  evidence  offered  hy  structural 
chemistr}^  for  the  interrelationship  of  the  steroids,  but  three  points  stand 
out  which  deserve  mention,  (a)  I  refuse  the  paradoxical  assumption  that 
the  complicated  steroid  nucleus  is  synthesized  independentlj'  in  a  dozen 
places  like  the  various  endocrine  glands,  because  this  seems  incongmous 
with  the  remarkable  economy  of  nature  in  other  fields  of  chemical  syn- 
thesis, (b)  The  so-called  steric  configuration  of  the  skeleton  is  practically 
identical  for  all  steroids  known,  or  to  be  more  accurate,  of  256  structural 
possibilities,  only  two  are  realized  hy  nature.  (Special  interest  attaches 
to  the  shift  in  constellation  in  one  center  of  asymmetry,  which  is  responsible 
for  the  levo-rotation  of  cholesterol,  whereas  the  bile  acids  are  dextro- 
rotatory. Chemical  events  around  the  asymmetric  carbon  atom  give  us 
important  clues  regarding  the  intermediary^  substances  in  steroid  metabo- 
lism, .such  as  cholestenone,  substances  which  may  be  of  great  biological 
importance  and  whose  existence  was  first  postulated  and  experimentally 
approached  by  Rosenheim  (16).) 

(c)  Granting  the  biogenetic  interrelation  of  the  steroids,  one  would 
naturally  assume  a  gradual  degradation  in  the  clockwise  sense  on  the 
diagram  rather  than  a  stepwise  synthesis  the  other  way  around.  First,  the 
amounts  occurring  in  the  animal  body  decrease  in  the  clockwise  sense, 
and  the  amounts  of  the.se  potent  hormones  become  smaller  and  smaller 
in  nature,  just  as  the  yields  decrease  gradualh'  in  their  industrial  prepara- 
tion from  higher  sterols.  Second,  the  type  of  reactions  leading  from  choles- 
terol to  the  male  hormones  consists  of  a  stepwise  degradation  of  the  long 
side  chain,  following  known  reaction  patterns.  After  the  complete  shed- 
ding of  the  long  side  chain,  the  removal  of  an  angular  methyl  group  makes 
possible  step\\-ise  removal  of  hydrogen  from  the  nucleus,  yielding  one  or 
two  benzene  rings  in  the  female  sex  hormones. 

At  the  end  of  the  cycle  we  have  inserted  the  carcinogenic  hydrocarbons. 
When  the  structure  of  the  most  potent  carcinogenic  hydrocarbon  that  can 
be  isolated  from  coal  tar  or  laborioush^  synthesized  in  vitro  became  known, 
the  similarity  with  the  fundamental  structure  of  the  steroids  was  evident. 
Cook  (17)  remarked  that  "the  same  prolif citation  which  characterizes  the 
oestrous  state  is  in  some  respects  reminiscent  of  the  early  stages  of  malig- 
nant growth."    A  genetic  relationship  between  oestrogens  and  carcinogens 
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— in  addition  to  the  actual  observed  overlapping  of  their  effects — seems 
not  impossible,  since  further  desaturation  along  the  lines  mentioned 
ma\'  lead  from  oestrogens  to  carcinogens.  However,  in  this  laboratory 
Dr.  Edith  Bloch  worked  up  more  than  3000  liters  of  urine  from  cancer 
patients  without  detecting  any  hydrocarbon.s  of  this  type  (18).  It  would 
be  premature  to  pass  judgment  on  the  importance  of  carcinogenic  h3'dro- 
carbons  for  the  spontaneous  tumors  in  man. 

I  do  not  wish  to  miss  the  occasion  to  refer  to  the  work  of  the  Russian 
chemist,  Blagovestchenski  (19).  From  numerous  examples  in  the  field 
of  plant  chemistry,  he  concludes  that  the  formation  of  cyclic  compounds, 
such  as  terpenes,  alkaloids  and  steroids,  is  a  sign  of  phylogenetic  aging. 
As  we  have  emphasized  before  the  c.vclic  structure  and  the  resulting  sta- 
bility of  the  steroid  skeleton,  a  connection  suggests  itself  between  the 
cyclic  nature  of  the  steroid  carcinogens  and  their  ability  to  induce  cancer, 
a  disease  of  older  age. 

Chemistry  and  physics,  on  the  one  hand,  have  considerably  advanced  the 
knowledge  of  the  steroids  in  recent  years,  and  the  isolation  of  biologically 
active  steroid  substances  has  been  perfected  to  a  marvellous  degree.  On 
the  other  hand,  clinical  medicine  and  physiology  have  utilized  these  sub- 
stances with  great  advantage  in  diagnosis  and  especially  in  therapy  in  the 
gynecological  as  well  as  the  general  endocrinological  practice.  There  still 
remains  a  gap  between  the  empirical  application  of  the  steroids  and  our 
structural  knowledge.  An  important  help  in  bridging  this  gap  is  the  stud}' 
of  di.sease  involving  the  steroids.  The  belief  that  the  investigation  of  the 
normal  should  precede  that  of  the  pathological  has  been  called  erroneous 
by  an  author  who  continues, 

"As  a  matter  of  fact,  the  investigation  of  the  abnormal  in  scientific  research  precedes 
that  of  the  normal.  The  investigation  of  the  abnormal  is  one  of  the  most  potent 
instruments  for  new  discoveries.  The  method  of  experimentation,  the  most  pow- 
erful tool  of  modern  science,  is  in  fact  the  creation  of  artificial  conditions,  in 
other  words,  the  effecting  of  abnormal  states"  (20). 

Thus,  we  expect  that  the  clinical  and  experimental  study  of  diseases 
will  lead  to  the  gradual  unraveling  of  the  biological  problems  in  which  the 
steroids  are  involved,  and  that  in  turn  a  fundamental  understanding  of 
this  amazing  group  of  substances  will  contribute  to  the  perennial  progress 
of  diagnosis  and  therapy. 
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[Consulting  Gynecologist,  The  Mount  Sinai  Hospital,  Xew  York;  Clinical  Professor  of 
Gynecology,  Columbia  University] 

The  subject  of  the  estrogens  has  been  presented  so  frequently  and  in  such 
detail  during  the  past  few  years,  and  again  in  the  past  months  (1)  that  the 
majority  of  you  should  be  familiar  with  many  of  its  aspects.  Therefore  I 
take  for  granted  that  you  will  be  more  interested  in  phases  which  usually 
are  not  featured  or  discussed. 

The  estrogens  are  general  growth  substances  which  in  the  coiu'se  of  evo- 
lution have  become  more  and  more  specialized  in  their  function  until  their 
receptive  organs  finally  are  restricted  mainly  to  the  genital  tract,  considered 
in  its  broadest  sense.  This  includes  the  breasts,  the  secondary  sex  charac- 
ters, as  well  as  the  psyche,  in  addition  to  the  actual  genital  tubes.  Estro- 
genic effects  may  be  obtained  from  lipoids  derived  from  innumerable 
sources  such  as  extracts  of  bacteria  (2),  yeast  (3)  and  plants  (4).  In  the 
lower  plants,  estrogens  are  obtained  from  any  portion.  In  the  phanero- 
gams, or  flowering  plants,  these  lipoids  are  concentrated  in  the  ovaries. 
Thus,  even  before  the  animal  kingdom  is  reached,  greater  ciuantities  of 
estrogen  are  found  in  the  organs  of  sex,  in  contrast  to  the  general  soma. 

Estrogens  have  been  demonstrated  in  the  ovaries  of  sea  urchin,  holo- 
thurian,  Crustacea  (5),  fishes  (6),  and  snakes  (7),  likewise  in  the  egg  of  the 
hen  (6).  The  .sex  organs  of  some  of  these  lower  forms,  including  those  of 
o\n parous  species,  certain  snakes  and  lizards  (8),  react  to  the  sex  hormones. 
In  viviparous  animals,  even  before  the  placentates  are  reached,  a  new  organ 
is  noted  in  the  ovary.  Following  ovulation,  the  emptied  ovisac  rapidly 
changes  into  the  corpus  luteum.  This  bright  colored  and  striking  object 
early  attracted  attention  of  investigators  (9).  The  dual  function  of  the 
corpus  luteum  was  unknown  to  the  earlier  biologists  and  misled  them,  as  at 
that  time  they  possessed  no  tests  which  distinguished  between  its  two 
hormonal  products,  the  estrogens  and  progestin. 

On  reaching  the  placentates,  another  organ,  a  special  pregnancy  gland, 
the  placenta,  is  encountered,  a  yolk-placenta  is  present  already  in  some 
viviparous  snakes  and  lizards  (10).  The  placenta  acts  not  only  as  a 
middleman  in  conveying  food  to  the  fetus  and  returning  waste  products  to 
the  mother,  but  has  developed  a  hormonal  secretory  function  by  which  it 

'  Delivered  at  The  Blumenthal  Auditorium  of  The  Mount  Sinai  Hospital  as  part 
of  A  Series  of  Lectures  on  the  Steroid  Hormones,  April  7,  1941. 
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manufactures  gonadotropic  (11),  estrogenic  (12)  and  progestational  hor- 
mones (13).  Thus  the  pregnant  uterus  becomes  an  independent  and 
autonomous  shelter  for  the  fetus,  not  only  producing  its  own  hormones, 
but  also,  as  is  seen  in  transverse  myelitis,  functioning  when  freed  of  central 
nervous  control. 

The  name  given  to  these  lipoid  hormones  which  I  am  discussing  tonight, 
is  not  unqualifiedly  a  happy  one.  The  nomenclature  is  based  upon  a  single 
action,  namely  the  production  of  estrus  in  laboratory  animals,  but  as  the 
physician  deals  solely  with  homo  sapiens,  the  highest  of  the  primates  who 
have  no  demonstrable  estrus,  it  has  seemed  to  me  that  the  name  that  I 
originally  proposed,  that  of  "female  sex  hormone"  would  have  been  the 
better  one,  for  many  qualities  not  included  in  the  name  of  "estrogen,"  such 
as  the  production  of  feminineness,  including  body  configuration,  the  obvious 
feminine  secondary  sex  characters  such  as  breast  development,  hair  distri- 
bution, voice  and  psyche,  as  well  as  the  local  effects  upon  the  tubular  sex 
organs  and  the  control  of  the  first  part  of  the  sex  cycle  are  dependent  upon 
this  group  of  hormones.  It  is  only  the  last-mentioned  action  which  is 
covered  by  the  present  appellation. 

As  preceding  speakers  in  this  symposium  ha\-e  pointed  out,  a  close 
structural  relationship  exists  between  the  almost  universally  present 
cholesterol,  found  throughout  the  body,  and  all  the  steroid  hormones,  em- 
bracing female  and  male  sex  hormones  and  adrenal  cortical  hormones.  At 
first  we  were  inclined  to  consider  their  physiological  activity  stricth"  as- 
sociated with  the  common  cyclopentenophenanthrene  skeleton.  It  has 
since  been  found  that  far  simpler  bodies,  for  example,  the  two-ringed  syn- 
thetic substance,  "stilbestrol"  (1-4),  possesses  estrogenic  properties.  ]\Iore- 
over,  the  specificity  of  the  sex  hormones  themselves,  among  which  we  must 
include  the  adrenal  cortical  hormones,  is  not  absolute.  These  latter  possess 
varying  degrees  of  estrogenic,  androgenic  and  progestational  powers  (15, 
16)  which  may  play  a  role,  at  least  in  certain  conditions  of  disease.  This 
lack  of  strict  specificity  is  further  illustrated  by  the  discovery  that  when  the 
ovary  is  transplanted  to  a  site  of  lower  temperature  (the  ear  of  the  rabbit), 
its  secretion  a.ssumes  androgenic  properties;  on  retransplantation  to  the 
warmer  abdominal  cavity,  estrogenic  function  is  resumed  (17). 

Some  antagonistic  action  exists  between  estrogens  and  androgens.  To 
effect  such  antagonism  or  neutralization,  excessive  doses  (far  above  physio- 
logic levels)  are  required  (18). 

I  shall  omit  the  tests,  both  bioassay  and  chemical  colorimetric,  by  means 
of  which  we  recognize  the  presence  and  the  strength  of  the  estrogens,  and  by 
means  of  which  we  quantitate  their  occurrence  in  the  secretions  as  in  the 
blood,  and  the  tissues — and  in  the  excretions,  as  in  the  urine  and  feces. 
However,  let  me  warn  you  that  the  data  so  far  available  are  purelj-  pre- 
liminary and  tentative.  They  will  require  revision  when  more  accurate 
methods  are  at  our  disposal.    In  spite  of  this,  we  ma.y  accept  certain  facts 
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Fig.  1.  Structural  formulae  of  cholesterol  and  the  steroid  hormones.  All  have  in 
common  the  cyclopentcno-phenanthrene  nucleus.  Below  is  shown  the  strong  syn- 
thetic estrogen  "Stilbestrol"  as  depicted  by  Dodds. 
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as  demonstrated,  nameh'  that  there  is  a  striking  contrast  between  the  male 
and  female,  although  both  sexes  have  male  and  female  hormones  in  their 
circulation  and  both  sexes  excrete  these  hormones  in  the  urine  and  feces 
(19).  In  the  male,  small  daily  fluctuations  occur,  but  the  excretion  on  the 
whole  appears  to  be  constant.  As  yet,  nothing  conclusive  can  be  said  of 
the  androgen  contents  of  the  blood  for  the  tests  for  the  male  hormone  are 
not  sufficiently  delicate.  In  the  female,  a  regular  estrogenic  cycle  takes 
place,  with  periodic  fluctuation  in  the  blood  and  excretions  (20).  This  ebb 
and  rise  offers  an  explanation  for  the  current  theory  of  menstruation,  the 
periodic  menstrual  bleeding  characteristic  of  primates.  As  long  as  a  cer- 
tain level  of  blood  estrogen  is  maintained,  the  activated  uterine  mucosa 
remains  intact.  When  this  level  has  been  maintained  and  then  when  the 
estrogen  falls  below  this  concentration,  irrespective  of  whether  this  is  due  to 
cessation  of  secretion,  excessive  destruction  or  increased  excretion,  uterine 


Fig.  2.  Urinary  excretion  of  estrogen  and  androgen  during  30  days  (bioassay). 
Left:  Normal  menstruating  female.    Right:  Normal  adult  male. 


bleeding  supervenes  (21).  The  role  of  progesterone  in  the  complex  phe- 
nomenon of  menstruation  will  be  discussed  by  another  of  the  speakers. 

In  the  human  female,  there  is  a  .short  abortive  menstrual  c.vcle,  averag- 
ing twenty-eight  days,  which  is  marked  by  a  continued  rise  of  estrogen  in 
the  blood  until  the  time  of  menstruation  is  reached ;  then  there  is  an  abrupt 
drop  coincident  with  the  onset  of  the  flow.  The  urinary  excretion  shows 
two  peaks,  corresponding  approximately  to  the  time  of  o\'ulation  or  of  the 
ripening  of  follicles,  the  second  reaching  its  acme  some  three  to  five  days 
premenstrually. 

When  pregnancy  takes  place  there  is  the  long,  fertile  pregnancy  cycle  of 
two  hundred  eighty  days,  during  which  the  blood  estrogen  shows  a  progres- 
sive increase  from  the  second  month  onward,  with  an  abrupt  drop  following 
upon  the  onset  of  labor.  The  increase  in  excretion  is  very  marked,  showing 
fluctuation  but  AAithout  regular  peaks.    This  increased  excretory-  level 
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likewise  ceases  at  labor.  Limitations  of  time  prevent  discussion  of  all  the 
interesting  topics  concerning  the  variation  in  type  of  estrogens  found — free, 
combined,  etc. 

Toward  term,  as  much  as  10,000  International  Units  of  free  estrogen 
constantly  are  found  in  the  six  liters  of  blood  within  the  circulation,  com- 


Critical  LEVEL 


INCREASED  EXCRETION 


Fig.  3.  Current  theory  of  the  menstrual  cycle.  Critical  level  in  the  blood  must  be 
attained  to  sensitize  the  uterine  mucosa.  A  drop  below  this  level  is  followed  by 
bleeding.  If  estrogen  alone  is  acting,  the  bleeding  occurs  after  10  to  15  days;  if 
estrogen  and  progesterone  together  have  produced  the  sensitization,  withdrawal  is 
followed  by  bleeding  within  2  to  4  days. 
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Fig.  4.  Graph  showing  concentration  of  estrogen  in  circulating  blood  during  the 
different  weeks  of  pregnancy.  The  graph  shows  estrogenic  activity  expressed  in 
international  units  of  estrone  per  liter  of  blood. 

pared  to  only  150  International  Units,  which  is  the  highest  amount  reached 
in  the  normal,  non-pregnant  women,  an  increase  of  sixty-six  times.  The 
excretion  in  the  mine  during  the  short,  twenty-eight  day  cycle,  equals 
1500  ±  300  International  Units  of  estrone;  in  the  long,  280  day  pregnancy 
cycle,  7.5  to  8  million  International  Units  or  approximately  30,000  I.U. 
daily  (22). 
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The  continuous  saturation  of  the  female  organism  with  estrogens 
throughout  pregnancy  produces  characteristic  changes  in  the  genital  system 
and  breasts,  which  we  associate  with  gestation.  The  uterus  increases  in 
length  from  8  cm.  to  36  cm.;  its  weight  ri.ses  from  50  gms.  to  1  kilogram; 
its  musculature  hypertrophies ;  its  vascular  supply  augments  immeasurably. 
Systemic  changes  which  need  not  be  taken  up  in  this  connection,  likewise 
ensue.    These  changes  result  in  great  part  from  estrogenic  stimuli. 

The  hormonal  conditions  associated  with  functional  disturbances  of  the 
female  genital  tract  have  been  presented  so  often  that  they  require  but 
passing  mention.  These  disturbances  include  under  and  overfunction  of 
the  ovaries  (23).  Apparently  in  most  instances  the  ovary  is  not  the 
primary  site  of  disturbance.  The  tendency  at  pre.sent  is  to  ascribe  the 
primary  cause  to  the  hypophysis.  This  question  will  not  be  settled  until 
the,  as  yet  little  understood,  intermediate  metabolism  of  the  sex  hormones 
has  been  fully  clarified  (24)  and  until  such  non-honnonal  factors  as  the 
effect  of  the  state  of  nutrition — inanition,  (25)  obesity,  etc.,  are  more  full}' 
understood. 

Certain  important  facts  should  be  emphasized.  By  the  use  of  the  heart- 
lung-liver  preparation  (26)  as  well  as  hy  the  simpler  method  of  subjecting 
estrogens  to  the  action  of  liver  brei  (27),  it  becomes  apparent  that  liver 
tissue  rapidly  destroys  estrogens  when  they  reach  this  organ,  either  through 
the  portal  circulation  or  less  directl,y,  through  the  general  vascular  sN'stem. 
If  2000  International  Units  of  estrogen  are  injected  into  the  ear  vein  of  the 
rabbit,  they  disappear  from  the  circulation  within  one-half  hour.  That 
they  are  destroyed  and  not  merely  stored  is  shown  by  the  fact  that  if  then 
the  entire  rabbit  is  extracted  and  hydrolyzed  to  liberate  combined  estrogen, 
no  activity  can  be  demonstrated  (28).  This  metabolic  action  of  the  liver 
has  recently  been  .suggested  as  the  basis  of  a  test  for  liver  function  (29). 
In  Laennec's  cirrhosis  of  the  liver,  gynecomastia  appears  in  a  number  of 
patients,  as  a  rule  only  after  ascites  has  developed.  Provisionally  the  ex- 
planation must  rest  upon  diminished  liver  function,  in  consequence  of  which 
the  estrogens  normally  produced  in  the  male  are  not  destroyed,  therefore, 
accumulate  in  excess  and  then  activate  the  brea.sts.  However,  the  co- 
incident testicular  atrophy  also  must  be  taken  into  account,  although  this 
per  se  is  unaccompanied  by  gynecomastia  (30).  Other  means  of  destruc- 
tion or  inactivation,  doubtless,  exist.  For  example,  among  those  plants 
investigated,  hyacinths  cause  disappearance  of  estrogens  (31). 

Notmthstanding  that  the  estrogens  are  emplo,ved  so  universally  and 
recklessh'  in  clinical  medicine,  their  pharmacology  is  in  a  state  of  confusion. 
To  me  it  seems  fortunate  that  these  sub,stances  are  almost  water  in.soluble 
and,  therefore,  do  not  lend  themselves  readilj''  to  intravenous  injection. 
In  aqueous,  alkaline  solution  and  well  buffered,  they  cause  a  .slight,  tran- 
sient general  peripheral  vasodilatation  (32)  but  exert  little  permanent 
effect  on  the  blood  pressure.    On  reaching  the  liver,  as  just  mentioned,  thej' 
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arc  rapidly  destroyed  or  combiiKnl.  Ilenco  {•ontinuous  secretion  must 
necessarily  occur  to  maintain  a  gi\  en  blood  level. 

Certain  other  sj'stemic  effects  are  known.  Castration  produces  concen- 
tration of  blood;  estrogens  restore  the  blood  volume  to  normal  (33).  (Cal- 
cification appears  to  be  increased  by  the  estrogens  (34).  Large  continued 
doses  reduce  growth  rate  (35),  an  effect  which  presumably  explains  the 
slowing  up  or  cessation  of  growth  noted  at  puberty.  This  may  well  be  due 
to  inhil)ition  of  the  growth  factor  of  the  prepituitary  rather  than  by  anj' 
direct  action.  Yet  my  attempts  to  arrest  adolescent  gigantism  hy  enor- 
mous doses  of  estrogens  ha\  e  pro\-ed  futile. 

The  well  known  interaction  between  various  endocrine  glands  and  their 
dependence  upon  the  function  of  other  glands  of  this  sj^stem,  have  in  part 
been  analyzed.  Due  to  the  effect  of  estrogens,  recognizable  changes  in  the 
adrenal  corte.x  may  develop  (30) ;  their  functional  significance  is  uncertain. 
The  thymus  is  said  to  involute  in  response  to  estrogens  (37). 

There  ai-e  other  still  l(>ss  clearly  understood  mutual  relations  between  the 
gonads  and  the  thyroid  (38),  and  pancreas  (39).  The  reports  are  as  yet  too 
inconclusive  and  contradictory  to  warrant  more  than  passing  mention. 

Prolonged  administration  of  estrogens  reacts  upon  the  adenohypophysis, 
with  resulting  diminution  of  the  secretion  of  the  gonadotropic  factor  (40). 
In  the  .sex  cycle  this  same  mechanism  largely  explains  the  alternate  in- 
crease and  decrease  in  gonadotropic  secretion,  which  in  turn  periodically 
stimulates  the  ovaries.  We  utilize  this  same  effect  in  the  therap}-  of  the 
menopause  during  which  an  excess  secretion  of  gonadotropic  factors  is  one 
of  the  main  findings  (41).  Whether  the  numerous  other  pituitary  factors 
are  likewise  influenced  is  not  yet  fully  determined.  Eventually  excess 
effect  on  the  hypophysis  may  cause  this  gland  to  increase  to  tumor  pro- 
portions, as  demonstrated  experimentally  (42).  Repeated  pr.'gnancy 
stimulation,  in  rare  instances,  has  cau.sed  homonimous  hemianopsia  due  to 
pressure  on  the  optic  tracts  by  an  enlarged  hypophysis. 

The  ovaries  respond  to  prolonged  injection  of  estrogens  by  regressive 
changes  which  fortunately  are  not  permanent  (36).  Otherwi.se  manj^ 
women  who  have  as  yet  not  borne  children  and  who,  therefore,  have  been 
dubbed  as  "sterile,"  actually  would  have  been  sterilized  by  ill-advi.sed 
estrogenic  therapy. 

The  local  effects  are  apparent  mainly  in  the  pelvis  and  the  brea.sts.  The 
uterine  effect  manifests  it.self  .sequentially  first  by  early  and  persistent 
vasodilatation  (in  thirty  minutes)  (43)  as  well  as  by  an  increa.se  of  the  water 
content  in  this  organ  (in  fi\  e  to  six  hours)  (44).  Somewhat  later  the  local 
hydrops  is  replaced  by  more  permanent  endometrial  and  myometrial 
changes,  which  physiologically  are  associated  with  the  follicular  phase  of 
the  sex  cycle — vascularization,  endometrial  and  myometrial  hyperplasia. 

The  organs  directly  affected  by  the  estrogens — I  shall  call  them  receptors 
for  short — are  the  tubular  genital  tract,  (the  Miillerian  ducts,  Fallopian 
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tubes,  uterus,  vagina  and  also  \'ulva),  the  breasts,  and  if  undeveloped,  as 
in  prepuberty  and  infantilism,  the  secondary  sex  characters.  The  local 
effects  vsivy  somewhat,  dependent  upon  the  structure  and  function  of  these 
diverse  organs.  Nevertheless  the  response  shows  several  main  simi- 
larities— epithelial  stimulation  with  mitoses,  glandular  acinic  proliferation, 
hyperplasia  of  connective  tissue  and  unstriped  muscle.  The  oxygen 
consumption  of  the  uterus  increases  above  its  initial  resting  level  (up  to 
sixty  per  cent  augmentation)  (45).  The  musculature  subsequently  under- 
goes definite  changes  in  the  character  and  rate  of  its  contraction  (45). 
These  effects  play  a  dominant  role  both  in  the  sex  cycle  and  in  disturbances 
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Fig.  5.  Schema  of  estrogenic  effect  on  female  genital  tract.  Left:  Estrogenic 
effect.    Right:  Estrogen  deficiency. 

arising  from  functional  causes  or  consequent  to  our  crude  methods  of 
therapy.  Thus  blocking  of  the  ovum  during  its  descent  through  the 
Fallopian  tube  may  ensue  (46)  or  loosening  of  the  early  impregnated  ovum 
from  its  site  of  nidation  in  the  uterus  may  result.  The  pelvic  circulation 
is  greatly  influenced  by  the  estrogens.  It  responds  by  arterial  dilatation, 
capillary  fullness,  venous  engorgement  and  lymphatic  turgescence.  An- 
other distant  effect  is  upon  the  nasal  mucosa  in  the  so-called  "genital 
area"  which  becomes  turgescent  (47).  Most  striking  are  the  tremendous 
changes  resulting  from  prolonged  estrogen  saturation  as  noted  in  pregnancy, 
conditions  of  vascularity,  familiar  to  e\ery  gynecologist  and  obstetri- 
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cian.  In  contra-st,  the  iiitostine,  skeletal  muscles  and  spleen  remain 
unaffected  (45). 

In  view  of  the  almost  universal  distribution  of  estrogens,  existing  both 
now  and  during  the  geological  ages  (for  estrogens  can  be  obtained  from 
asphalt  (-18)  formed  many  millcnia  ago)  it  is  somewhat  puzzling  to  note 
that  both  qualitatively  and  quantitatively'  the  response  of  different  species 
has  remained  so  variable  and  unpredictable.  Apparently  size  and  body 
weight  pla}-  but  a  minor  role.  Even  among  allied  groups  such  as  the 
rodents,  sensitivity  of  response  as  well  as  differences  of  tissue  reaction  are 
encountered.  For  example,  I  maj'  quote  the  finding  that  both  in  the 
guinea  pig  and  in  the  pocket  gopher,  estrogens  produce  a  marked  relaxation 
of  the  symphysis  pubis  (49).  In  the  guinea  pig,  intraperitoneal  injection 
of  estrogen  causes  the  widespi-ead  formation  of  myofibromata  in  the  genital 


Fig.  6.  Physiologic  bisexualism  in  female  and  male.  Fetal:  Four  month  female 
fetus.  Miiller's  Ducts  in  outline.  Wolffian  Ducts  in  black.  Chemical  adult:  Uri- 
nary excretion  of  estrogens  and  androgens  in  both  sexes. 

tract  as  well  as  in  other  portions  of  the  peritoneal  cavity  (50).  In  some 
species,  the  estrogens  exert  a  carcinogenic  action.  This  is  best  illustrated 
by  the  production  of  breast  adenocarcinoma  and  cervical  carcinoma  in 
otherwise  un.susceptible  strains  of  mice.  This  .subject  will  be  discussed  by 
another  speaker. 

It  has  long  been  known  that  sex  is  neither  a  static  nor  irreversible  con- 
dition. Both  in  animals  and  in  humans,  hermaphroditism  and  intersexes 
occur.  Masculinization  of  females  and  femininization  of  males  have  been 
ob.served  and  their  causation  traced  to  tumors.  The  subject  has  aroused 
increasing  interest  since  it  has  become  known  that  a  chemical  hermaph- 
roditism (more  precisely,  a  bisexualism)  is  a  normal,  universal  occurrence 
in  both  sexes  of  human  beings  (51). 

A  crude  attempt  to  evaluate  the  ratio  of  androgens  and  estrogens  in  both 
sexes  has  been  made  (52).    This  ratio  as  observed,  is  as  yet  so  inexact  that 
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only  well  marked  deviations  can  be  recognized  (53).  The  hope  appears 
warranted  that  smaller  changes  may  become  evaluable  and  that  eventually 
these  may  explain  the  causation  of  such  ill-defined  syndromes  as  functional 
sterility,  total  alopecia,  hirsutism,  nymphomania  and  homosexuality,  if 
the  latter  is  founded  upon  a  physical  basis. 

Already  we  are  able  to  gage  the  hormonal  changes  present  in  femininiza- 
tion  of  the  male,  due  to  chorionepithelioma  of  the  testis,  for  example. 
Such  patients  show  the  hormonal  status  normality  noted  in  pregnancy — 


Fig.  7.  Some  of  the  more  common  genital  malformations  noted  in  human  females. 
These  can  be  produced  in  experimental  animals  with  estrogens  given  in  the  fetal  or 
neonatal  period. 

positive  pregnancy  test,  increase  of  estrogens  in  the  blood  and  urine. 
Masculinization  of  the  female  with  hirsutism,  bass  voice,  change  of  build 
and  features  due  to  arrhenoblastoma  of  the  ovary,  shows  an  increased 
production  of  androgen  by  the  male  tumor  cells.  Less  accurately  anah'Z- 
able  are  the  hormonal  changes  occurring  in  adrenal  cortical  carcinoma 
producing  the  adrenocortical  .syndrome.  The  symptoms  appear  to  be  of 
bisexual  nature  due  to  a  great  increase  of  both  androgen  and  estrogen,  and 
probablj'  as  well  to  the  presence  of  new,  non-physiological  hormonal  ste- 
roids (54). 

Injection  prenatally  into  the  mother  or  fetus  (55),  or  into  the  pouch 
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young  of  the  opossum  (56)  demonstrates  that  some  of  the  commoner 
genital  malformations  may  be  produced  experimentally  by  estrogen  or 
androgen.  These  include  intersexes  (ovo-testis)  (57),  if  the  gonads  are 
affected,  and  hyperdeveloi)ment  of  the  sex  organs  of  the  opposite  sex 
(uterus,  prostate),  also  blind  \agina,  hypertrophy  of  the  phallus,  hypo- 
spadias, etc.  (58). 

The  clinician  is  most  keenly  interested  in  therapy.  As  soon  as  new 
discoveries  are  annoxmced,  his  first  reaction  is  to  ascertain  whether  these 
nova  have  practical  applicability.  In  the  past,  more  often  than  in  the 
present,  empiric  therapy  outstripped  accurate,  well  grounded  pharmacology 
and  therapeusis.  Not  infrequently  this  hit  or  miss  tendency  has  resulted 
in  the  production  of  unnecessary  suffering,  harm,  and  disillusion;  occasion- 
ally it  has  led  to  brilliant  results. 

The  estrogens  have  been  widely  used  in  almost  every  conceivable  ailment 
that  woman  is  heir  to.  In  order  to  conserve  time,  I  present  a  list  of  the 
functional  disturbances  and  diseases  for  which  these  steroids  have  been 
recommended.  I  have  tried  them — reluctantly,  I  will  confess,  but  out  of 
a  sense  of  duty — in  a  majority  of  these  conditions.  Where  italicized  I 
have  found  them  effective. 


THE  SUGGESTED  USE  FOR  ESTROGENS 

THOSE  ITALICIZED  ARE  ADVOCATED 

General 

Froehlich's  syndrome  Migraine 
Infantilism  Hypertension 
Gigantism  Hirsutes 

Prepuberty 
Prematurity  of  newborn 
Vulvovaginitis — gonorrheal 

Puberty 


Delayed  puberty 
Amenorrhea 
Oligomenorrhea 
Dysmenorrhea 

Amenorrhea 
Oligomenorrhea 
Dysmenorrhea 
Sterility 
Painful  breasts 


Adult 


Menorrhagia 
Metrorrhagia 
Acne 
Hirsutes 

Chronic  cystic  mastitis 

Menorrhagia 

Metrorrhagia 

.\lopecia 

Hirsutism 

Toxemia  of  pregnancy 


Climacteric 

Preclimacteric  neuro-vascular  syndrome,  menstruation  persisting 
Menopause  Neurovascular  Local  atrophies 


Neurovascular 
Arthritic 
Digestive 


Psychic 
Leucoplakia 
Kraurosis  vulvae 
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In  my  opinion,  the  applicability  of  estrogens  is  limited  to  the  following 
diseases. 

Gonorrhea  of  infants  and  prepuberal  adolescents,  as  an  aid  to  chemo- 
therapy (59).  It  effects  keratinization  of  the  ^a^lva  and  vagina.  The 
gonococcus  cannot  exist  upon  such  epithelium. 

Menopause.  Relief  of  the  neurovascular,  digestive,  arthritic  and  local 
atrophic  symptoms  of  the  menopause  (60). 

The  estrogens  available  for  therapeutic  use  are  Estrone,  Estradiol,  and 
Estriol.  Each,  weight  for  weight,  has  a  different  potency.  These  lipoids 
are  absorbable  by  manj^  routes — hy  mouth  (larger  doses  required);  par- 
enterally  by  subcutaneous  injection;  by  inunction;  by  implantation;  and 
vaginally,  in  the  form  of  suppositories.  With  due  allowance  for  the  portal 
of  entry,  of  the  chemical  nature  of  the  estrogens,  and  of  the  dosage,  the 
effect  is  identical.  Therefore,  except  when  local  effects  for  gonorrhea  of 
children  or  for  senile  vaginitis  are  desired,  for  both  of  which  I  emplo)^ 
vaginal  suppositories  of  estrone,  I  use  and  recommend  the  oral  exhibition 
of  alpha  estradiol,  in  tablet  form.  In  the  menopause,  thirty  tablets,  each 
containing  1/2  mg.  of  alpha  estradiol,  are  prescribed  in  the  following  way: 
1  tablet,  3  times  a  day  for  4  daj^s;  1  tablet,  2  times  a  day  for  5  days;  1 
tablet  once  a  day  for  5  days;  and  1  tablet  every  other  day  for  3  doses. 
The  therapy  is  then  intermitted  until  the  flushes  reappear.  During  this 
interval,  it  is  advantageous  to  give  small  doses  of  phenobarbital,  |  of  a 
grain,  one  to  three  times  a  day.  As  soon  as  the  flushes  reappear,  another 
course  is  given.  Every  effort  should  be  made  to  increase  the  time  inter- 
vening between  courses  imtil  finally  therapy  may  be  discontinued. 

To  some  of  you,  the  limits  of  estrogenic  therapy-  which  I  have  set  may 
appear  absurdly  rigid.  Nevertheless  they  are  based  upon  trial,  experience 
and  reflection,  and  in  my  opinion,  are  fully  valid.  To  me  the  present  ex- 
cesses appear  as  unwarranted,  as  if  you  attempted  to  treat  these  same 
diseases  with  insulin  or  parathormone.  The  triumph  obtained  in  the 
therapy  of  diabetes  by  insulin  is  no  more  clearcut  or  decisive  than  the 
victory  over  the  incapacitating  disturbances  of  the  menopause.  Meno- 
pause disturbances,  although  they  do  not  directh^  imperil  life,  are  far 
more  widespread  and  numerous  than  diabetes,  and  because  of  this,  play 
a  role  of  even  greater  communal  importance. 
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VITAMIN  THERAPY  IX  RAYNAUD'S  DISE.\SE 
Preliminary  Report 


ROSE  SPIEGEL,  M.D. 

[From  the  Peripheral  Vascular  Disease  Clinic  and  the  Medical  Service  of  Dr. 

Eli  Moschcowitz] 

Definition.  Rajnaud's  disease  is  characterized  by  attacks  of  vasospasm 
of  the  extremities  and  occasionally  of  the  tip  of  the  nose  and  of  the  earlobes, 
manifested  in  the  sequence  of  pallor,  cyanosis,  and  redness,  and  precipitated 
by  exposure  to  cold.  There  is  no  demonstrable  block  of  the  large  arteries  of 
the  limb,  and  ulcerations  and  phlyctenules,'  when  present,  are  limited  to  the 
skin  involved  in  vasospasm.  The  condition  may  be  associated  with 
sclerodactyly.  Raynaud's  disease  is  an  entity  by  itself  to  be  distinguished 
from  the  vasospasm  involving  the  digits  which  may  occur  secondarilj'  in 
obstructive  vascular  disease  of  the  extremities. 

Classicalh'  it  occurs  most  frequently  in  females  between  adolescence  and 
middle  age.  The  specific  temperature  precipitating  an  attack  of  vascular 
spasm  varies  somewhat  from  patient  to  patient,  but  is  usually  within  a 
narrow  range  between  40  and  55°F.,  above  and  below  which  attacks  may 
not  occur.  Less  frequently,  a  patient  may  have  spasm  on  returning  to  a 
warm  environment  from  the  critical  range  of  low  temperature.  Secondan,^ 
factors  modify  the  respon.se— humidity,  warm  clothing,  unu.sual  fatigue, 
imbibition  of  cold  or  hot  liquids  (1).  Emotional  stress  or  pain  will  seldom 
elicit  an  attack  unless  the  extremities  are  exposed  to  a  temperature  near  the 
critical  range  for  .spasm. 

Pathology.  In  advanced  cases  that  have  progressed  to  organic  changes  in 
the  affected  tissues,  the  histologic  findings  are:  1)  arteritis,  characterized  by 
intimal  thickening,  atrophy  and  fibro.sis  of  the  media,  and  perivascular 
cellular  infiltration;  2)  fibrosis  of  the  corium  with  atrophy  of  the  skin  ap- 
pendages; 3)  decalcification  and  resorption  of  the  bones  of  the  terminal  pha- 
langes. In  cases  of  moderate  severity  arteritis  alone  is  present.  However, 
no  organic  lesions  have  been  reported  in  the  simple  tj^pe  of  vasospasm  (2). 

Studies  of  the  capillary  loops  in  the  nailfolds  during  the  course  of  spasm 
have  shovra  segments  of  abnormal  dilatation  and  contraction  (3). 

Etiology.  Four  different  concepts  of  the  causation  of  the  disease  have 
been  suggested  up  to  the  present,  the  two  most  ^ndely  held  being  those  of 
Raynaud  and  of  Lewis. 

1)  In  1862,  on  the  basis  of  clinical  observations  of  the  six  patients  who 

1  Phh-ctenules:  A  term  used  to  indicate  "minute  gangrene"  without  surface 
breakdown. 
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rigidly  fulfilled  his  own  diagnostic  criteria,  Raynaud  stated:  "Local  as- 
phyxia of  the  extremities  ought  to  be  considered  a  neurosis,  characterized 
b.v  enormous  exaggeration  of  the  excitomotor  energy  of  the  gray  parts  of 
the  spinal  cord  which  control  the  vasomotor  innervation"  (4).  (The  term 
"neurosis"  was  not  then  used  in  its  modern  psychologic  sense.) 

2)  Lewis  made  clinical  experiments  in  patients  to  study  the  temperature 
responses  of  the  digital  vessels  and  was  particularly'  impressed  with  the  per- 
sistence of  the  original  vasospasm  after  sympathectomy.  He  concluded  in 
1929  that  the  i)rimar3'  cause  of  spasm  of  the  digital  vessels  in  Raynaud's 
disease  of  the  common  type  is  not  an  abnormal  nervous  impulse,  but  a  local 
fault  of  the  vessels  (5). 

A  modification  of  the  above  theories  was  suggested  by  Allen  and  Brown 
(4)  in  1932,  on  the  basis  of  their  clinical  study  of  147  cases  of  the  simple  un- 
complicated spasmodic  type  of  the  disease.  They  accepted  Raynaud's 
theory  as  the  principle  conception,  also  admitting  the  occurrence  of  a  "local 
fault"  as  an  added  factor  in  advanced  cases.  However,  they  stress  the 
viewpoint  "that  the  disease  is  ordinarily  an  equi\'alent  of  psychoneiu'osis  or 
neurasthenia." 

3)  In  1932  Bernheim  and  London  (14)  suggested  that  inadequate  calcium 
intake  may  be  associated  with  heightened  irritability  especially  involving 
the  digital  vessels  and  is  expres.sed  in  sensitivity  to  cold.  Bernheim  and 
Garlock  (6),  in  1935,  suggested  that  the  complicating  sclerodactyly  was 
brought  about  by  hyperactivity  of  the  parathyroids  which,  in  turn,  was 
induced  by  the  depletion  of  bone  calcium.  Recenth^,  however,  thej'  with- 
drew the  latter  hypothesis  (7). 

4)  Chronic  arsenical  intoxication  has  also  been  considered  an  etiologic 
factor  (8). 

Standard  Therapy.  The  various  therapeutic  procedures  generally  em- 
ployed are  based  on  the  above  conceptions  of  the  etiolog}-  of  the  disease. 

1)  Sympathectomy,  to  interrupt  the  flow  of  impulses  from  the  central 
nervous  system  into  peripheral  va.soconstrictor  fibers,  has  been  performed 
by  Adson  and  Brown,  Smithwick  (9),  and  Telford  (10).  Cure  of  symptoms 
of  Raynaud's  disease  of  the  lower  extremities  has  been  reported  after  lum- 
bar sympathectomies.  Objectionable  side-actions  have  occasionally  oc- 
curred, however,  such  as  constipation,  priapism  or  impotence.  In  sharp 
contrast  to  the  excellent  results  after  lumbar  .sympathectomy',  the  clinical 
results  after  cervicodorsal  .sympathectomy  have  been  unsatisfactory.  The 
vascular  spasms  of  the  fingers  have  been  either  only  temporarily  relieved  or 
not  at  all.  The  reasons  for  the  discrepancy  are  varied.  Technically,  the 
isolation  of  these  sympathetic  ganglia  and  preganglionic  fil)ers  is  difficult. 
The  operation  may  be  incomplete  because  of  the  necessity  for  con.servation 
of  the  brachial  plexus  mto  which  the  first  thoracic  ner\'e  passes.  In  in- 
stances in  which  the  operative  procedure  it.self  has  been  complete  there  has 
been  demonstrable  regeneration  of  the  va.soconstrictor  fibers.  Further- 
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more,  when  regeneration  has  not  occurred,  it  has  been  suggested  that  the 
vessels  of  the  upper  extremities  are  rendered  more  sensitive  to  circulating 
epinephrine  after  ganglionectomy.  There  is  some  dispute,  however,  con- 
cerning the  truth  of  this  statement  (11).  It  ha-s  also  been  suggested  that 
the  vessels  of  the  lower  extremities  are  under  more  marked  central  nervous 
control,  removal  of  which,  therefore,  is  much  more  likely  to  relieve  vaso- 
spasm, whereas  the  vessels  of  the  upper  extremities  are  less  dependent  on 
vasoconstrictor  regulation  and  are,  therefore,  subject  more  particularly  to 
the  "local  fault." 

2)  ^lechohd  iontophoresis  of  the  extremities  to  induce  vasodilatation  by 
stimulating  the  vagus  has  been  without  significant  therapeutic  effect  (12). 

3)  Histamine  iontophoresis  to  induce  capillar}'  dilatation  given  in  con- 
junction with  papaverine  hydrochloride  by  mouth  has  been  reported  as 
helpful  in  several  cases  (13). 

4)  Bernheim  and  London  (14)  reported  the  successful  treatment  of  four 
cases  of  vasospasm  of  the  extremities,  which  were  interpreted  as  atypical 
borderline  types  of  RaATiaud's  disease,  hy  means  of  "a  high  calcium  regimen, 
with  viosterol,  orange  juice,  and  tomato  juice  as  adjuvants. "- 

Based  on  the  theory  of  a  disordered  calcium  metabolism,  parathvroid- 
ectomy  has  been  performed  as  treatment  for  Raynaud's  disease  with 
scleroderma  (6,  7). 

5)  Because  of  the  observation  that  spontaneous  and  permanent  re- 
missions of  Raynaud's  syndrome  have  occurred  during  pregnancy,  estro- 
gens were  administered  in  several  cases,  but  without  effect  (Silbert  (15)). 
One  case  was  reported  in  1936,  however,  of  apparently  successful  treatment 
with  estrogenic  substance  (16). 

CASE  REPORT 

History.  In  February,  1940,  a  houseworker,  aged  twenty-six,  came  under  observa- 
tion with  Raynaud's  syndrome  involving  the  hands  and  feet  during  the  preceding 
two  years.  Within  that  time  she  had  had  pneumonia  complicated  bj-  empyema,  but 
had  recovered  completely. 

On  the  taking  of  a  detailed  dietary  historj-  a  striking  deficiency  was  found,  re- 
quiring immediate  correction  during  consideration  of  therapy  for  Raj-naud's  disease. 
Her  diet  had  consisted  essentially  of  rye  bread  and  coffee  three  times  a  day,  and 
occasional  broth  or  meat. 

Examination.  She  presented  cold,  moist,  cyanotic  extremities.  She  also  had 
slight  pretibial  pitting  edema  for  which  no  circulatory  cause  could  be  ascertained, 
fissures  at  the  angles  of  the  mouth,  erythematous  papules  about  the  eyes,  and  severe 
periodontoclasia.  Her  basal  metabolic  rate  was  plus  25  per  cent,  but  there  were  no 
other  clinical  evidences  of  hyperthyroidism. 

Course.    The  cheilitis,  both  on  clinical  and  dietary  grounds,  suggested  riboflavin 

2  Therapy  consisted  essentially  of  adding  1  qt.  of  milk  per  day;  viosterol,  30  drops; 
tomato  juice,  16  oz.;  orange  juice,  8  oz.;  and  lactose,  5  oz.  to  the  patient's  diet. 
The  vitamin  content  of  the  supplement  as  estimated  by  current  standards  is:  A — 
7560  I.U.:  Bi— 400  I.U. ;  B2— 560  S.B.  units;  C— 325  mg.;  nicotinic  acid— trace.  (See 
table  III  for  minimal  daily  requirements. 
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deficiency  and  the  edema  suggested  hypoproteinemia  and  vitamin  B  deficiency.  She 
was,  therefore,  given  a  multiple  vitamincapsule'  (group  I)  before  each  meal,  and  was 
put  on  a  balanced  diet.  This  regimen  was  begun  February  10,  1940.  In  ten  days 
her  hands  no  longer  blanched  in  cold  water  in  laundering,  but  became  reddened 
promptly.  On  re-examination  February  29,  1940,  the  periocular  and  labial  lesions 
had  disappeared,  and  spasms  were  not  demonstrable  when  her  hands  were  placed  in 
water  of  40  to  50°F.  She  remained  asymptomatic  throughout  the  subsequent  cold 
weather.    (For  subsequent  history,  see  Case  4,  tables  I  and  IV.) 

The  experience  with  this  patient  sugge.sted  the  need  for  studies  of  dietarj'-, 
and  especially  of  vitamin,  intake  in  patients  with  Ra.ynaud's  syndrome. 
Twenty-one  patients  with  this  diseai^e  were  studied.  The  data  on  the.se 
patients  form  the  basis  of  this  preliminary  report. 

As  indicated  in  table  I,  eighteen  patients  were  females  and  three  were 
males.  The  age  range  was  between  twenty  and  forty-eight  years.  The 
duration  of  symptoms  before  the  beginning  of  treatment  varied  from  one 
month  (Ca.se  20)  to  twentj'^  years.  One  patient,  not  listed  in  the  chart,  had 
had  typical  spasms  for  the  past  forty  years,  beginning  at  the  age  of  twenty- 
two.    The  age  of  onset  varied  from  thirteen  years  to  the  middle  forties. 

Sixteen  patients  presented  only  typical,  uncomplicated  vasospasm. 
Three  patients  (Case  1,  12,  18)  also  had  .scleroderma  and  .sclorodactyly. 
One  patient  with  vasospasm  (Case  11)  had  phlyctenules  of  the  Hngertips 
without  ulceration.  Case  19  had  an  associated  polyarthritis.  The  clini- 
cal severity  was  not  dependent  on  the  duration  of  the  disease.  The  attacks 
of  spasm  lasted  from  s(>veral  minutes  to  three-quarters  of  an  hour. 

Eleven  patients  had  received  previous  treatment.  The  only  therapy 
which  had  been  successful  was  lumbar  .sympathectomy  which  had  been 
performed  on  two  patients  (Cases  3  and  (>).  Cervicothoracic  .sympathec- 
tomy on  two  patients  (Cases  6  and  11)  had  been  ineffectiv'e.  Parathyroid- 
ectomy, periarterial  stripping,  high  calcuim  diet,  typhoid  injections, 
thyroid  gland  administration,  histaminase  and  histamine  injections, 
mecholyl  iontophoresis,  had  been  tried  without  effect. 

Several  clinical  facts  of  interest  were  determined.  All  complained  of 
fatigue  and  lassitude  of  the  type  frequently  called  "neura.sthenic."  Two 
patients,  without  scleroderma,  had  low  basal  metabolic  rates,  minus  20 
per  cent  and  25  per  cent  (Ceases  13  and  15),  for  which  thyroid  gland  had  been 
given  in  large  doses  without  impro\  ement  in  the  lassitude,  the  vasospasm, 
or  the  metabolic  rate  itself.  Two  patients  had  elevated  rates,  plus  25  per 
cent  and  plus  26  per  cent  (Cases  4  and  17)  without  clinical  findings  of 
hyperthyroidism. 

The  highest  en\'ironmental  temperature  at  which  symptoms  were  noted 
varied  with  individual  patients  but  in  general  it  was  approximately  55°F. 
Three  patients,  however,  had  attacks  of  spasm  at  about  70°F.  One 
patient,  (Case  11)  had  attacks  in  summer  heat  if  a  slight  breeze  blew 
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MENT Al, 
TEMPERA- 
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PREVIOUS  TREATMENT 

1.  H.  G. 

F 

40 

Housewife 

21 

Spasms,  hands, 
feet,  tip  of  nose, 
earlobes,  early 
scleroderma 

+1 

Histamine    and  histam- 
inase      injections — no 
change 

2.  E.  S. 

F 

26 

Secretary 

23 

Spasms,  hands, 
feet 

45 

0 

3.  R.  G. 

F 

46 

Housewife 

26  '  Spasms,  bands, 
1  feet 

65          —10     Lumbar  sympathectomy 
— feet  asymptomatic 

4.  H.  L. 

F 

28 

House- 
worker 

26 

Spasms,  hands, 
.  feet 

50 

+25 

5.  R.  B. 

F 

42 

Housewife 

14 

Spasms,  hands, 
feet 

60 

0 

6.  F.  B. 

F 

30 

Secretary 

17 

Spasms,  hands, 
feet 

65 

'28 — typhoid  injection — no 
change 

'29 — upper  sympathec- 
tomy— improved  1 
month 

'30 — lumbar  sjTnpathec- 

tomy — feet  well 
'31 — periarterial  stripping, 

right    brachial — no 

change 
'34 — high   calcium   diet — 

no  change 
'39 — histamine — no  change 

7.  E.  M. 

F 

27 

Seamstress 

13 

Spasms,  hands, 
feet 

60 

0 

8.  M.  G. 

F 

43 

Seamstress 

40 

Spasms,  hands, 
feet 

45 

0 

9.  M.  d'A. 

F 

34 

Secretary 

19 
30 

Extreme  cyanosis 
Spasms,  hands, 
feet 

60 

High    calcium    diet — no 
change 

10.  R.  Bo. 

F 

45 

Housewife 

44 

Spasms,  hands, 
feet 

60 

Estrogens — no  change 

11.  A.  G. 

F 

42 

Housewife 

30 

Fissuring  of  fin- 
gertips, bed- 
ridden because 
of  general  de- 
bility 

Any  breeze 
even  at 
90  in- 
duces a 
spasm 

'30 — ^high   calcium   diet — 
no  change 

'34 — parathjToidectomy— 
no  change 

'37 — right    dorsal  sympa- 
thectomy— improved  for 
few  months 

'38 — left     dorsal  sympa- 
thectomy—improved  for 
few  months 

12.  D.  C. 

F 

43 

Housewife 

30 

Spasms,  hands, 
feet;  early  scle- 
roderma and 
sderodaclyly 

75 

Histamine    and  histam- 
inase  injections — no 
change 

218 
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ENVIRON- 
MENTAL 
TEMPERA- 
TURE AT 
WHICH 
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OCCUR 

BASAL  METAB- 
OLISM RATE 

PREVIOUS  TREATMENT 

13.  F.  Bi. 

F 

39 

Housewife 

32 

Spasms,  hands, 
and  feet 

65 

-20 

Thyroid  gland— gr.    iv — 
no  change 

14.  F.  H. 

F 

26 

Writer 

24 

Spasms,  hands, 
and  feet 

65 

Nor- 
mal 

0 

15.  P.  B. 

F 

20 

Milliner 

17 

Infrequent 
spasms,  gener- 
ally burning 
red  hands 

60 

-25 

Thyroid    gland— gr.  iii— 
no  change 

16.  T.  P. 

F 

48 

Housewife 

42 

Spasms,  hands, 
and  feet 

60 

17.  A  M. 

M 

20 

Barber 

18 

Spasms,  hands, 
and  feet 

50 

+25 

Histamine    and  histam- 
inase         injections — no 
change 

18.  W.  K. 

M 

23 

Machinist 

20 

Spasms,  hands, 
and  feet; 
phlyctenules 
of  fingertips; 
scleroderma, 
face,  axillae 

70 

Nor- 
mal 

Mecholyl  iontophoresis- 
no  change 

19.  F.  S. 

M 

47 

Day  laborer 

38 

Spasms,  hands, 
and  feet,  pares- 
thesias, face, 
lips.  Poly- 
arthritis 

70 

0 

20.  S.  F. 

F 

47 

Seamstress 

38 

Spasms,  hands 

75 

0 

21.  S.  B. 

F 

48 

Housewife 

43 

Spasms,  hands 

65 

Nor- 
mal 

Mechol.vl    iontophoresis — 
no   change.   SaUne  in- 
jections—no change 

on  her  hands.  In  many  patient.s  a  difference  was  noted  between  the  two 
hands  in  skin  temperature  and  in  their  sensitivity  to  cold. 

A  complete  physical  and  neurological  examination  was  made  at  the 
beginning  of  treatment.  One  patient  (Case  16)  had  es,sential  hypertension. 
Case  6  had  mitral  stenosis  and  insufficiency  and  had  had  one  episode  of 
cardiac  insufficiency.  All  of  the  patients  had  damp,  cool,  slightly  cj'anotic 
hands  and  feet  at  normal  room  temperature  (about  70°F.),  even  in  the 
aUsence  of  vasospasm.  Although  many  patients  complained  of  tingling  in 
their  digits,  which  awakened  some  of  them  during  the  night,  none  had 
altered  vibration  or  tactile  sensation. 

Pre-treatment  Dietary  Findings.  All  of  the  patients  kept  diet  diaries, 
most  of  which  were  completely  reliable.  Because  of  limitations  of  space, 
the  detailed  record  of  only  one  patient  and  a  chart  of  the  total  daily  intake 
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of  calories  and  units  of  vitamins  of  all  the  patients  are  presented  ftables 
II  and  III).  The  minimal  daily  requirements,  according  to  present  stan- 
dards, which  are  still  tentative,  are  indicated  in  table  III. 

Although  some  of  the  patients  had  a  fair  caloric  intake,  only  three  had  an 
adequate  intake  of  vitamin  C ;  only  one  had  a  borderline  intake  of  vitamin 
A;  and  only  one,  a  borderhne  intake  of  vitamin  Bi  and  B2.  All  of  the  others 
had  a  low  intake  of  all  the  ^•itamins  except  of  nicotinic  acid.  Whether  or 
not  this  type  of  diet  is  frequent  in  a  comparable  control  group  of  patients 
without  .symptoms  of  Raynaud's  .syndrome  remains  to  be  determined. 
The  group  of  patients  studied  was  heterogeneous  economically  and  edu- 
cationally, \\-ith  choice  of  diet  directed  by  ignorance,  fads,  or  indifference,  as 
well  as  by  poverty. 

Some  of  the  patients  had  additional  clinical  findings  of  vitamin  deficiency, 
which  were  proved  such  by  their  favorable  response  to  therapy.  The 
following  were  noted: 

Case  1.  Cheilitis,  small  ulcerations  on  buccal  mucosa,  tenderness  at  tip  of 

tongue  and  intolerance  to  sweet  and  sharp-tasting  foods. 

Case  4.  Cheilitis. 

Case  10.  Cheilitis. 

Case  17.  Cheilitis. 

Case  20.  Cheilitis  and  hypersensitivity  of  the  tip  of  the  tongue. 

Case  21.  Cheilitis  and  paresthesias  of  the  face  and  tongue. 

One  patient.  Case  5,  had  presenile  incipient  cataracts. 

Immediate  Results  of  High  Vitamin  Therapy.  The  form  of  therapy  em- 
ployed in  these  patients  underwent  modifications  and  is  still  being  changed 
during  continued  observation.  The  composition  of  the  capsules  given  is 
indicated  in  table  IV.  One  group  of  patients  received  a  multiple  prepara- 
tion of  vitamins,  "Group  I",  before  each  meal,  without  change  in  their 
dietary  habits  (Cases  1,  4,  12,  15,  16,  17,  and  20)  (table  V). 

All  except  Cases  16  and  19  stated  that  they  improved  in  their  sense  of 
well-being  after  about  a  week  of  treatment.  After  about  two  weeks  they 
reported  that  their  extremities  were  subjectively  warmer  and  more  com- 
fortable. Some  reported  this  change  A\-ithin  the  first  week.  The  ex- 
tremities appeared  pink  and  warm  on  examination  and  the  dampness 
gradually  diminished.  The  time  required  for  the  lessening  or  disappear- 
ance of  the  attacks  of  vasospasm  varied  with  different  patients. 

Quahtatively,  the  ^'asospasm  after  treatment  was  begun  in^•olved  a 
shorter  length  of  the  digits  and  could  be  provoked  only  at  lower  tempera- 
tures than  previously,  and  was  also  of  shorter  duration.  As  improvement 
progres.sed,  the  white  stage  disappeared,  and  the  attack  consisted  only  in 
a  brief  cyanotic  stage  followed  by  redness.  The  next  change  was  the 
omission  of  the  cyanotic  pha.se  as  well  and  the  induction  of  only  the  red 
pha.se  on  exposure  to  cold.  The  improvement  was  first  apparent  in  the 
proximal  segment  of  the  digits  subject  to  spasms. 


TABLE  II 
Diet  for  one  week — Case  2 


12/7/W 

2  cups  coffee 
1  jelly  doughnut 

chow  niein 
1  cup  coffee 

1  cup  coffee 
walnut  strudel 

stuffed  fish 
German  grits 

1  cup  coffee 

12/8/40 

2  eggs  fried 

2  English  muffins,  toasted 

2  cups  coffee 

relish  cheese 

1  cut  poppyseed  strudel 

1  cup  coffee 

shrimps,  scallops,  smelts,  clams 
filet  of  sole 
julienne  potatoes 
lemon  meringue  pie 
1  cup  coffee 

5  chicken  salad  sandwich 

1  cup  coffee 

cookies 

12/9/40 

1  glass  milk 
Ij  cups  coffee 

1  jelly  doughnut 

2  cuts  meat — pot  roast 
1  fruit  muffin 

1  slice  white  bread 
1  cup  coffee 

1  cup  coffee  and  walnut  strudel 

1  sardine  sandwich — rye  toast 
1  cheese  sandwich — rye  toast 
coffee  and  cake 

English  muffin  and  marmalade 
coffee  and  candy 


12/10/40 

1  cuj)  coffee 

1  jelly  doughnut 

baked  Virginia  ham 

2. slices  white  bread 

green  peas 

fried  sweet  potatoes 

coffee 

coffee  and  cake 

2  eggs  fried 

2  slices  rye  toast 
cake  and  coffee 

cake  and  coffee 

12/11/j^ 

5  glass  milk 
1  cup  coffee 
1  jelly  doughnut 

ham  and  cheese  sandwich — rj-e 

1  cup  coffee 

coffee  and  cake 

sliced  tongue  salad 

2  slices  rye  bread 

2  parkerhouse  rolls 

1  cup  coffee 

12/12/^ 

2  glasses  milk 
1  cup  coffee 

1  jelly  doughnut 

Spanish  omelet 
coleslaw 

French  fried  potatoes 

white  toast 

coffee 

12/13/40 

I  glass  milk 

1  cup  coffee 
jelly  doughnut 

ham  and  cheese  on  white  toast 

potato  salad 

coffee 

No  dinner 

2  Scotch  and  sodas 
coffee  and  cake 

candy,  potato  chips,  nuts,  pretzels 
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In  an  attempt  to  identify  the  Adtamin  or  vitamins  of  therapeutic  im- 
portance in  Raynaud's  disease,  whole  vitamin  B  complex,  either  alone,  or  as 
a  fortification  of  the  total  vitamin  therapy  was  then  given.  The  doses 
varied  from  six  to  twenty  capsules  per  day  for  a  period  of  several  weeks. 

TABLE  III 


Average  daily  diet  based  on  week's  food  intake 


CASE  NO. 

TOTAL  CALORIES 

CARBOHYDRATE,  CALORI ES 

a 
a 
o 
»j 

<: 

o 

Z 
m 
o 

OS 

00 

a 
a 

o 

< 
< 

B-l  (thiamin,  intern. 

DNITS) 

a  ¥ 
s  S 

2  2 

>  s 

*  oi 

o 

m  n 

^  2 
■< 

« 

g" 
U 
•< 

o 
ca 

9 

03 
<^ 

o 

A  (intern.  IINIT.S) 

NICOTINIC  ACID 

CALCIUM 

1. 

H.  G. 

700 

400 

IDU 

170 

oUU 

2,000 

Horderline 

IjOW 

2. 

E.  S. 

1,588 

849 

97Q 

400 

267 

zyo 

91 1 

1,440 

Borderline 

Low 

3. 

R.  G. 

1,446 

669 

281 

Z<  o 

1  c\c\^ 

2.610 

Good 

Low 

4. 

H.  L. 

1,020 

630 

ZUU 

1  on 

lyu 

250 

olU 

1 .  ZOU 

3,000 

Borderline 

Low 

5. 

R.  B. 

895 

341 

ZoU 

235 

olU 

or\f\ 

2.500 

Borderline 

Low 

6. 

F.  B. 

1,006 

629 

1 

259 

ouy 

1  ,  ZDZ 

3,100 

LtOOO. 

Low 

7. 

E.  M. 

860 

552 

1  Q  1 

lo4 

254 

A  in 
44U 

I  .  OCA) 

3,200 

VjUOU 

Low 

8. 

M.  G. 

800 

525 

I  1  K 

250 

oUU 

OOU 

2,400 

Borderline 

Low 

9. 

M.  d'A. 

1,271 

771 

221 

240 

261 

318 

1,901 

5,053 

Good 

10. 

R.  B. 

650 

385 

135 

130 

180 

240 

850 

2,000 

Borderline 

Low 

11. 

A.  G. 

643 

380 

132 

121 

175 

236 

810 

2,106 

Borderline 

Low 

12. 

D.  C. 

710 

405 

145 

160 

150 

240 

1,000 

2.100 

Borderline 

Low 

13. 

F.  B. 

910 

410 

135 

365 

200 

300 

1.500 

2,000 

Good 

Low 

14. 

F.  H. 

877 

240 

185 

452 

237 

374 

5,750 

1,588 

Good 

Borderline 

(0.6  gm.) 

15. 

P.  B. 

1,000 

620 

200 

180 

260 

310 

1,250 

3,000 

Borderline 

Low 

16. 

T.  P. 

867 

408 

137 

322 

169 

294 

2,200 

721 

Borderline 

Low 

17. 

A.  M. 

766 

522 

144 

100 

54 

40 

500 

1.200 

Borderline 

Low 

18. 

W.  K. 

1,440 

645 

272 

525 

281 

459 

1,080 

2.883 

Good 

Borderline 

(0.6  gm.) 

19. 

F.  S. 

581 

317 

95 

183 

80 

189 

458 

1,200 

Borderline 

Low 

20.  Changed  diet  immediately  before  beginning  of  observation 

21. 

S.  B. 

886 

339 

224 

323 

232 

311 

900|2,420 

Good 

Low 

Minimal  daily  requirements — sedentary  adult  (20,  21,  22,  23) 


2,000 

240 

390- 

900* 

1,560 

5,000 

12-15  mg.* 

0.8  gm. 

495* 

*  Vary  with  caloric  intake,  especially  carbohydrate. 
Requirements  of  Pantothenic  Acid  and  Pyridoxin  unknown. 


All  of  the  patients,  except  Case  1,  received  vitamin  B  complex.^  Cases 
2,  5,  8,  10,  L3,  14,  and  21  were  given  only  vitamin  B  complex  at  one  pro- 
longed stage  of  treatment.    Clinical  improvement  in  these  patients  was 


<  Table  IV. 


VITAMIN  THKHAPY  IN  HAYNAl  D's  DISKASE 


293 


essentially  the  same  as  in  the  group  reeeiving  "Group  I."^  The  most 
favorable  clinical  response  appeared  with  six  to  nine  capsules  per  day. 
Patients  given  the  contents  of  twenty  capsules  in  an  elixir  did  not  respond 
any  more  (luickly. 

In  the  group  treated  intensi\  el\-  with  \  itamin  B  complex,  Cases  9  and  11 
had  a  recurrence  of  spasm  after  a  period  of  improvement,  although  the 
hands  between  attacks  were  dry  and  of  normal  pink  color  in  contrast  to  the 
damp,  cool,  cyanotic  condition  previously.    The  general  sense  of  well- 

TABLE  IV 
Composition  of  vitamin  products  used 

Vi-Syneral  Special  Capsule,  designated  "Group  I"  in  Chart 

Thiamin — 2  mg.  Derived  from  yeast  and  fortified  with  synthetic 

Riboflavin — 1  mg.  material. 
Pyrido.xin — 1  mg. 
Nicotinamide — 10  mg. 

A — 8,000  I.U.  Concentrate  from  fish  liver  oil. 

D— 1,140  I.U. 
C—   500  I.U. 

E — 2  minims  wheat  germ  oil 

Ca— 50  mg. 
P  —40  mg. 
Fe  — 14  mg. 
Cu  —  Ij  mg. 
Mn —  1  mg. 
Mg—  1  mg. 
Zn  —  1  mg. 
I    —  .15  mg. 

Lederle  vitamin  B  Complex  capsule 

Thiamin — 1  mg. 
Riboflavin — j  mg. 
Pyridoxin — 130  micrograms 

Filtrate  factor — 12  rat  growth  units  or  50  chick  dermatitis  units 
Nicotinic  acid — 2  mg. 


being  was  maintained.  That  this  recurrence  of  spasm,  in  spite  of  other 
indications  of  impro\'ement,  may  have  been  due  to  overtreatment  is  sug- 
gested by  the  fact  that  the  spasm  again  cleared  up  when  high  vitamin 
therapy  was  terminated  and  the  patients  were  temporarily  maintained  on 
merely  a  prescribed  normal  diet. 

It  wa.s  next  attempted  to  determine  whether  any  one  specific  component 
of  the  vitamin  B  complex  was  the  essential  factor  in  the  improvement  of 
symptoms  of  Raynaud's  syndrome,  or  whether  a  specific  ratio  among  the 
components  of  the  vitamin  B  complex  was  necessary. 


Derived  from 
liver. 


TABLE  V 


Summary  of  therapy 


NAME 

SEQUENCE  OF 
THERAPY 

DOSAGE 

BESULT 

REM.VRCS 

1.  H.  G. 

"Group  I" 

3  per  day 

3  plus 

No  longer  under  observation. 
In  New  Orleans 

2.  E.  S. 

B  complex 
Adequate  diet 

6  per  day — 3  weeks 
4  per  day — 2  weeks 
Since  Feb.  '41 

4  plus 

Asymptomatic 

3.  R.  G. 

B    complex  and 
also  "Group  I" 

B    complex  and 
"Group  I" 

"Group   I"  and 
adequate  diet 

20  per  day  in  elixir 

for  2  weeks 
1  per  day 
10  per  day  in  elixir 
3  per  day  for  2 

weeks 
3  per  day— 1  month 

2  plus 
2  plus 
2  plus 

4.  H.  L. 

"Group  I" 

"Group   1"  and 
B  complex 

3  per  day — 2  weeks 
Feb.  '40 

2  per  day — Feb. 

"41 
9  per  day 

4  plus 
4  plus 

Discontinued  medication,  poor 
diet.  Recurrence  of  symp- 
toms in  Oct.  1940 

Has  had  6  to  9  capsules  of  B 
complex  daily.  Optimum  is 
9  capsules.  Diet  is  low  in  B 
still 

5.  R.  B. 

B  complex 

6  per  day — 4  weeks 

2  plus 

Dropped  from  treatment  after 
2  months  as  she  refused  to 
change  diet 

6.  F.  B. 

B  complex 
Thiamin  chloride 

B   complex  and 

"Group  I" 
Riboflavin 
B   complex  and 

adequate  diet 

6  per  day — 4  weeks 
9  per  day — 4  weeks 
20  mg.  per  day 

— 2  weeks 
6  per  day 
1  per  day 
6-9  mg.  per  day 
6  per  day 

4  plus 
4  plus 

Slight  regression 
4  plus 

Shght  regression 
4  plus 

7.  E.  M. 

"Group   I"  and 
B  complex 
Adequate  diet 

1  per  daj\ 

J  weeks 
6  per  dayj 

3  months 

4  plus 

Asymptomatic 

S.  M.  G. 

B  complex 
"Gioup  I" 
Adequate  diet 

6  per  daj' — 3  weeks 
3  per  day — 1  month 
3  months 

4  plus 
4  plus 

Asymptomatic 

9.  M.  d'A. 

B  complex 
Thiamin  chloride 
B  complex 

Riboflavin, 
"Group  I" 

B  complex,  ade- 
quate diet 
Adequate  diet 
B  complex,  ade- 
quate diet 

9  capsules  per  day 

for  2  weeks 
20  mg.  per  day— 

1  week 

9  to  12  per  day  for 

2  months 

3  to  6   mg.  per 
day; 

2  per  day  for  2 

weeks 
6  per  day 

4  per  day 

4  plus 

Marked  regression 
4  plus 

Slight  resgression 
4  plus 

SUght  regre^ion 
4  plus 

Improved  in  1  week 

Improvement     noted     in  2 
weeks.   No    difference  in 
response  to  either  9  or  12 
capsules 

Improved  in  2  weeks 
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TABLl':  \  — Continued 


NAME 

SEQUENrE  OF 
THERAPT 

D08AQE 

RESULT 

REMARKS 

10.  R.  Bo. 

B  complex 
"Group  1" 
Riboflavin 
B  complex 

6  per  day 
3  per  day 
9  mg.  per  day 
6  per  day 

4  plus 
4  plus 

Slight  regression 
4  plus 

Allergic  to  liver 

11.  A.  G. 

Nicotinic  acid 

B  complex 
AdcQuate  diet 
only 

"Group  I" 

50  mg.  before 
going  out  into 
cold — about  3 
per  day 

9  per  day  -2  months 

3  per  day 

Transient  relief  in 
cold  but  no  pro- 
longed efTect 

4  plus  then  3  plus 
Slight  regression, 
but  improved 
over  original 
status 
3  plus 

At  beginning  of  therap.v,  in- 
tolerant of  a  breeze  even  on  a 
hot  day — t.V|)ical  spasms. 
With  prolonged  B  complex 
treatment  had  occasional 
spasms  after  3  \veek.5  of  being 
asymptomatic.  Then  given 
adequate  diet  only 

12.  D.  C. 

"Group  I" 
B  complex 
"Group  1"  and  B 
complex 

3  per  day 
6  per  day 
1  per  day 
3  per  day 

1  plus 
1  plus 
1  plus 

13.  F.  B. 

B  complex 

"Group   1"  and 
adequate  diet 

15  per  day — J 
weeks;  then  6  per 
day — 1  month 

3  per  day 

1  plus 
1  plus 

14.  F.  H. 

B  complex 

Thiamin  chloride 

B  complex 

B  complex  in  elLxir 

8  per  day — 3 
weeks 

20  mg. — 4  days 

9  per  day — 18  days 
30  per  day — 1  week 

3  plus 

Severe  regression 
Slight  change 
No  improvement 

Improvement  noted  in  17  days 
Overdosage? 

Discontinued  observation  in 
6  weeks 

15.  P.  B. 

"Group  1" 
Riboflavin 
Adequate  diet, 
"Group  I" 

3  per  day — 3  weeks 
6   mg.    per  day 
2  per  day 

1  plus 

No  change 

2  plus 

Very  early  case.  Spasms  are 
infrequent.  Generally  has 
striking  erythema  and  burn- 
ing sensation  of  hands 

16.  T.  P. 

"Group  I" 

B  complex 

B  complex,  ade- 
quate diet 

6  per  day — 1 

month 
6  per  day — 2 

months 
6  per  day— 2 

months 

1  plus 
1  plus 
1  plus 

Blood  Pressure  210/100 

17.  A.  M. 

Group  I 
B  complex 

3  per  day— 1 

month 
6  per  day — 1 

month 

2  plus 
4  plus 

Uncooperative  concerning  diet. 
Stopped  coming  as  soon  as 
improved 

18.  W.  K. 

B  complex  in  elixir 
B  complex, 
Group  I 

Riboflavin 
Pyridoxin,  ade- 
quate diet 

Group  I 

20  per  day— 5  days 

9  per  day — 4 
weeks 

3  per  day 

6  mg.  per  day 

10  to  50  mg.  per 
day — 10  days 

3  per  day  for  3 
weeks 

2  plus 
2  plus 

No  further  change 
Marked  regression 

1  plus 

Raynaud's  and  moderate 
scleroderma.  Ulceration  of 
fingertips 

Fingers  blue  and  cold  at  tem- 
perature of  SO*F.  Condition 
worse  than  at  beginning  of 
any  therapy 
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TABLE  V — Concluded 


NAME 

9  CfV*^ -i^^ 

THER.4PY 

DOS.'lGE 

RESULT 

REMARKS 

19.  F.  S. 

B  complex 
Riboflavin 
P^Tidoxin 
"Group    I,"  B 
complex 

9  per  day 

6  mg.  per  day 

30  mg.  per  day 

I       Mz  weeks 
6  per  dayj 

2  plus 

Slight  regression 
Marked  regression 

1  plus 

Polyarthritis 

Hands  blue  and  cold  on  warm 
Very  recent  change 

20.  S.  F. 

"Group  I" 

3  per  day  for  2 

weeks 
2  per  day  for  4 

weeks 

4  plus 

Asymptomatic 

But   under   observation  too 
recently 

21.  S.  B. 

Riboflavin 
B  complex 

9  mg.   per  day — 

10  days 
6  to  9  days  for  6 

weeks 

No  change 
4  plus 

Slight  improvement  in  cheilitis 
which  was  present  4  years 

Continued  improvement  in 
cheilitis.  Improvement  in 
spasms  in  first  10  days 

Response  to  Therapy — Code 

1  plus — At  critical  temperatures,  spasms  are  of  shorter  duration,  less  painful,  though 

they  occur  almost  as  frequently.    Extremities  have  become  of  normal  color. 

2  plus — Critical  temperature  has  changed,  spasms  occur  at  lower  temperatures  than 

formerly,  last  much  less,  and  are  less  frequent. 

3  plus — As  above,  but  spasms  are  very  infrequent. 

4  plus — Rare  spasms,  at  intervals  of  several  weeks  in  spite  of  the  frequent  occurrence 

of  temperatures  at  which  spasms  maj'  occur. 

Asymptomatic — no  spasms  for  a  period  of  several  months  of  observation  with  expo- 
sure to  temperatures  which  normally  elicited  spasms. 

Regression  is  indicated  in  the  chart  in  words. 

Thiamin  chloride,  20  mg.  dailj',  was  given  to  two  patients,  Cases  9  and 

14,  who  had  become  as3'mptomatic  on  whole  vitamin  B  therapy  after  hav- 
ing had  numerous  attacks  of  spasm  every  day .  After  three  daj's  of  thiamin 
administration  there  was  a  distinct  setback.  The  thiamin  chloride  was 
discontinued  and  the  vitamin  B  complex  was  used  again.  The  response  to 
the  second  course  was  distinctly  slower,  requiring  in  these  patients  ten  days 
and  three  weeks  respectively,  in  contrast  to  the  initial  three  days  and  ten 
days. 

Riboflavin,  6  to  9  mg.  per  day,  was  given  to  four  patients,  Ca.ses  9,  10, 

15,  and  19,  who  had  previou.sly  improved  on  Aatamin  B  complex.  There 
was  a  slight  setback.  They  noted  more  cyanosis  of  the  fingertips,  although 
the  original  symptoms  did  not  return.  Case  10,  who  had  cheilitis,  was 
given  riboflavin;  the  cheilitis  improved  completely  within  three  days,  but 
in  that  time  the  vascular  spasm  of  her  fingers  and  toes  returned.  WTien 
she  was  again  given  the  vitamin  B  complex,  the  spasms  ceased.  Case  21, 
also  with  cheilitis,  was  given  riboflavin  first  for  ten  days,  with,  improvement 
in  the  labial  lesion  but  ANdthout  any  change  in  the  spasms.  She  was  then 
given  the  vitamin  B  complex  alone,  6  capsules  daily,  with  prompt  improve- 
ment in  the  spasms. 
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Because  of  a  possil)lo  analogy  between  Raynaud's  disease  and  the  ex- 
perimental pyridoxin  deficiency'  know  as  rat  acrodynia,  pyridoxin  was  given 
in  doses  of  10  to  15  mg.  daily  to  two  jjatients,  Cases  18  and  19,  who  had 
imjiroved  under  whole  \itamin  therapy,  ^^'ithin  two  weeks  they  had 
completely  regressed  to  their  original  severe  condition  in  every  respect. 
The  setback  with  this  fraction  was  particularly  marked.  These  patients 
are  now  being  treated  again  with  the  "(Jroui)  I"  capsules  with  some  return 
of  improvement. 

Nicotinic  acid,  in  doses  of  50  mg.,  was  given  to  one  patient,  Ca.se  1 1 ,  to  be 
taken  just  before  she  went  out  into  the  cold.  A  generalized  flush  occurred 
immediately  after  each  dose  and  prevented  the  occurrence  of  vasospasm. 
This  was  employed  at  the  very  beginning  of  her  treatment,  as  she  was  the 
most  mi.serable  patient  of  all.  There  was  no  evidence  of  enduring  effect. 
However,  the  result  in  this  one  case  is  insufficient  for  any  well-founded 
opinion,  and  the  subject  will  be  investigated  further. 

In  addition  to  the  admini.>;tration  of  vitamins,  the  dietary  habits  of  the 
patients  were  changed  to  conform  with  standards  of  adecjuate  intake  of 
\-itamins  and  minerals. 

Late  Results  of  Treatment.  Following  r(>lief  of  symptoms  on  the  high 
vitamin  regimen,  three  patients  who  had  had  a  moderate  degree  of  vaso- 
spasm have  been  maintained  on  only  a  balanced  diet  for  the  en.suing  three 
cool  months,  and  another  for  one  month  of  weather  which  formerly  induced 
attacks.  The  period  of  improvement  is  too  short  for  more  complete 
evaluation. 

Of  the  twenty-one  ca.ses  treated  from  six  w(>eks  to  one  year,  fifteen  pa- 
tients have  shown  vaiying  degrees  of  relief  from  vascular  spasm  when 
treated  with  either  total  vitamins  or  with  the  vitamin  B  complex,  as  in- 
dicated in  table  \'.^  Scleroderma  was  completely  unaffected.  Three 
patients,  Cases  2,  7,  and  8  are  completely  asymptomatic  at  present.  Pa- 
tients who  had  cheilitis  did  not  give  a  different  response  from  that  of  the 
others.  The  first  patient  to  be  treated,  Ca.se  4,  became  asymptomatic,  but 
with  return  to  her  habitually  inadecjuate  diet  and  cessation  of  treatment 
she  had  a  recurrence.  Improvement  again  resulted  after  resumption  of 
therapy. 

DISCUSSION 

Two  interpretations  of  the  significance  of  these  results  of  high  \  itaniin 
B  therapy  in  Raynaud's  syndrome  may  be  considered — first,  that  vitamin 
deficiency  is  causally  unrelated  to  the  vascular  disease  although  coincidental 
with  it,  the  clinical  improvement  being  a  non-specific  effect  resulting  from 
improvement  in  general  health.  Second,  that  a  more  intimate  relation- 
ship exists  between  the  two  conditions,  possibly  superimposed  upon  a  con- 
stitutional determinant  for  the  disease.    The  incidence  of  multiple  vitamin 

'  One  plus  improvement  is  not  included. 
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deficiency,  as  indicated  bj'  the  presence  of  cheilitis,  is  greater  in  this  series  of 
patients  than  in  general  medical  practice.  The  selective!}^  beneficial  re- 
sults of  treatment  with  the  vitamin  B  complex  also  suggest  such  a  relation- 
ship. At  present,  one  may  not  go  beyond  indicating  these  two  alternative 
explanations. 

Assuming  for  the  moment  that  the  vitamin  deficiency  is  of  basic  impor- 
tance, one  perceives  several  difficulties  in  its  practical  application  in  therapy. 
One  of  these  is  the  incomplete  state  of  knowledge  of  vitamin  dosage,  effects, 
synergisms  and  antagonisms.  Another  is  the  frequent  incomplete  re- 
versibility of  certain  vitamin  deficiencies  once  established,  and  the  need  for 
large  maintenance  dosage  to  prevent  relapse,  as  Sydenstricker  (18)  reported 
in  the  treatment  of  pellagra.  A  third,  is  the  possible  hazard  of  overdosage. 
Finally,  the  degree  of  organic  change  in  the  blood  vessels  in  Raynaud's 
disease  may  be  reversible  only  to  a  limited  extent. 

SUMMARY  AND  CONCLUSIONS 

The  dietary  history  and  clinical  findings  in  a  group  of  twenty-one  patients 
with  Raynaud's  syndrome  are  reported  which  suggest  that  a  vitamin  de- 
ficiency is  an  important  factor  in  its  provocation.  Twenty -one  patients 
were  treated  for  a  period  of  six  weeks  to  one  year  with  either  "total  vita- 
mins," or  with  vitamin  B  complex.  Fifteen  showed  distinct  relief  from 
attacks  of  vascular  spasm.  Three  are  at  present  asj^mptomatic  and  are 
maintained  on  a  normal  diet  alone.  The  vdtamin  B  complex  appeared  to 
be  the  effective  therapeutic  group  of  vitamins. 

Which,  if  any,  specific  factor  is  essential  could  not  be  determined.  Thi- 
amin chloride,  riboflavin,  pyridoxin,  when  used  individually,  were  ineffec- 
tive. Thiamin  chloride  and  pyridoxin  in  large  doses  actually  caused 
severe  exacerbation  of  symptoms  in  patients  who  had  previously  improved 
under  vitamin  B  complex  therapy.  It  appears  probable  that  the  ratio 
between  the  several  components  of  the  vitamin  B  complex  is  important. 
The  pathogenetic  mechanism  underlying  the  disease  state,  howe^•er,  could 
not  be  determined  in  relation  to  the  vitamin  deficiency. 
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AN   INTRA-GROUP   HEMOLYTIC   TRANSFUSION  REACTION 
DUE  TO  THE  Rh  AGGLUTINOGEN  AS  A  RESULT  OF  ISO- 
IMMUNIZATION IN  PREGNANCY 
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[From  the  Gynecological  Service  of  Dr.  S.  H.  Geisi  and  the  Laboratories  of  The  Mount 

Sinai  Hospital] 

For  a  number  of  years  there  have  been  reported  intra-group  hemolytic 
transfusion  reactions  which  could  not  be  explained  adequately.  Most  of 
these  reactions  have  been  described  in  women  who  had  never  received  a 
previous  blood  transfusion  but  had  recently  been  delivered  or  had  had  a 
spontaneous  miscarriage  (1  to  7). 

Zacho  (8)  in  1936  was  the  first  to  describe  an  atypical  agglutinin  as  the 
cause  of  the  transfusion  reaction  in  a  woman  who  gave  a  history  of  having 
had  four  previous  consecutive  stillbirths  and  then  had  had  a  premature 
separation  of  the  placenta  following  which  a  transfusion  was  given  re- 
sulting in  a  typical  transfusion  accident.  This  he  attributed  to  an  atj^  pical 
isoagglutinin  which  acted  on  the  donor's  cells.  This  particular  agglutinin 
had  the  property  of  greater  activity  at  37°C.  than  at  lower  temperatures 
which  was  contrary  to  what  ordinarily  had  been  noted  for  atypical  iso- 
agglutinins.  Zacho  did  not  mention  any  relationship  between  the  presence 
of  the  atypical  agglutinin  and  the  obstetrical  history. 

In  the  same  year,  Culbertson  and  Ratcliffe  (6)  described  an  intra-group 
transfusion  reaction  in  a  woman  delivered  by  Cesarean  section.  They, 
also,  found  an  atypical  agglutinin  in  her  blood  which  agglutinated  23  out 
of  24  group  O  donors  when  the  centrifuge  method  of  Landsteiner  and 
Levine  was  used.  Soon  after  they  found  another  patient  whose  serum 
agglutinated  3  group  O  donors  tested.  The  fourth  donor  (mother  of  the 
recipient)  was  found  compatible.  An  uneventful  transfusion  was  given. 
They  noted  that  in  both  cases  intra-group  agglutinins  were  demonstrated 
during  the  puerperium. 

It  was  not  until  1939  that  Levine  and  Stetson  (9)  gave  some  explanation 
for  this  phenomenon  when  they  reported  the  case  of  a  woman  who  delivered 
a  macerated  fetus.  The  husband  being  of  the  same  blood  group  as  the 
patient,  group  0,  was  used  as  the  donor.  A  typical  hemolytic  transfusion 
reaction  followed.  They  showed  that  an  atypical  agglutinin  was  present 
in  the  patient's  serum.  This  agglutinin  was  more  active  at  37°C.  and 
after  a  number  of  months  disappeared  from  the  blood.  In  testing  numer- 
ous group  O  donors,  approximately  80  per  cent  of  the  blood  samples  were 
agglutinated  by  this  patient's  serum. 
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Because  of  this  evidence  it  was  believed  that  this  antibody  developed 
as  a  result  of  immunization  and  it  was  suggested  by  Levine  and  Stetson 
that  the  products  of  the  fetus  served  as  an  antigenic  stimulus.  Presumably 
the  fetus  inherited  from  the  father  a  dominant  agglutinogen  which  was 
absent  in  the  tissues  of  the  mother,  who  was  thus  immunized. 

Since  Levine's  original  article  there  have  been  a  number  of  such  cases 
which  have  been  reported  (10  to  16).  A  number  of  similar  transfusion 
reactions  have  occurred  in  jiatients  who  have  had  repeated  transfusions 
and  it  has  been  shown  that  the  agglutinin  was  induced  as  a  result  of  the 
antigenic  stimulus  of  the  donor's  blood  (17,  18). 

About  a  year  ago  Landsteiner  and  Wiener  (19),  after  injecting  rhesus 
monkey  blood  into  rabbits,  produced  an  anti-rhesus  serum.  Levine 
found  in  tests  done  jointly  with  Wiener  (12)  that  the  anti-Rh  serum 
corresponded  to  the  warm  agglutinins  which  develop  in  .some  pregnant 
women  and  in  certain  patients  who  received  repeated  transfusions. 

In  testing  a  random  population  with  anti-Rh  serum  it  was  found  by 
Landsteiner  and  Wiener  (20)  that  the  red  cells  of  approximately  85  per 
cent  of  the  population,  irrespective  of  the  four  blood  groups  and  the 
factors  M  and  X,  are  agglutinal;ed  by  this  serum,  that  is,  they  are  Rh- 
positive.  In  15  per  cent  of  the  population  this  factor  is  lacking;  these 
people  are  Rh-negative. 

An  Rh  negative  woman,  married  to  an  Rh  positive  man,  becomes  sensi- 
tized to  Rh  positive  blood  by  repeated  pregnancies.  A  transfusion  of  Rh 
positive  blood  may  then  cause  a  reaction,  due  to  the  antibody  that  has 
been  developed,  even  if  the  bloods  are  of  the  same  group. 

The  following  case  is  described  to  add  additional  evidence  of  the  role 
of  the  Rh  agglutinogen  as  the  causative  factor  in  hemolytic  reactions  fol- 
lowing transfusions  of  so-called  homologous  blood. 

CASE  REPORT 

History  (Adm.  469352).  Mrs.  G,  40  years  old,  was  admitted  to  The  Mount  Sinai 
Hospital  on  February  17, 1941,  to  the  service  of  Dr.  Samuel  H.  Geist,  with  a  history  of 
vaginal  bleeding  for  six  weeks,  and  chills  and  fever  for  one  day.  She  had  had  nine 
pregnancies,  five  of  which  terminated  in  miscarriage  usually  associated  with  chills 
and  fever.  She  was  a  patient  in  this  hospital  in  1931,  in  1933,  and  in  1939,  in  each 
instance  for  an  infected  abortion.  The  uterus  was  persistently  retroflexed.  On  this, 
her  fourth  admission,  she  stated  that  her  last  normal  period  was  three  months  ago. 
For  two  months  she  had  had  irregular  bleeding,  some  fever,  and  abdominal  pains. 

Examination.  The  patient  was  thin,  acutely  ill,  and  moaning.  There  was  slight 
cardiac  enlargement  and  a  systolic  murmur  was  heard  at  the  apex.  Pelvic  examina- 
tion showed  profuse  bleeding  and  an  enlarged  uterus,  sharply  retroflexed.  The 
temperature  was  101. 2°F.,  hemoglobin  68  per  cent.    The  urine  was  negative. 

Course.  The  uterus  was  replaced  anteriorly;  the  temperature  fell  to  normal;  the 
bleeding  became  slight.  On  the  fourth  day  following  admission  she  suddenly  aborted 
a  three  and  a  half  months  fetus  and  had  a  massive  hemorrhage.  She  went  into  deep 
shock.  The  hemorrhage  was  controlled  by  immediately  packing  the  uterus  and  an 
intravenous  infusion  was  started  followed  by  500  cc.  of  bank  blood,  group  O,  cross- 
matched at  room  temperature,  one  day  old.    The  blood  pressure  rose  from  10  to  72 
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systolic  and  50  diastolic.  Three  hours  after  transfusion  she  had  a  sudden  severe  chill 
and  her  temperature  rose  to  104.2°F.  The  blood  pressure  was  now  110  systolic  and 
70  diastolic.  In  the  operating  room  the  packing  was  removed  and  it  was  found  that 
the  placenta  had  passed  with  it.    There  was  no  intra-uterine  manipulation. 

The  patient  then  developed  a  marked  oliguria  with  frank  hematuria  and  hemo- 
globinuria. For  the  next  two  days  the  total  output  was  only  130  cc.  Icterus  de- 
veloped. At  this  time  the  hemoglobin  had  dropped  to  31  per  cent,  white  blood  cells 
were  20,000  per  cm.  with  92  per  cent  polymorphonuclear  leucocytes.  Because  of 
severe  vomiting  a  Wangenstein  tube  was  inserted  and  the  patient  given  large  doses  of 
bicarbonate  and  a  continuous  infusion  of  Hartmann's  solution;  later  one-sixth 
molar  sodium  lactate  solution  was  substituted.  The  urea  nitrogen  was  70  mg.  per 
cent;  the  carbon  dioxide  combining  power  42.4  vol.  per  cent;  total  protein  3.8  gm.; 
cholesterol  180  mg.  The  patient's  blood  was  checked,  and  found  to  be  group  O,  Rh- 
negative,  but  no  atypical  agglutinins  could  be  detected  at  this  time.  Her  husband 
was  found  to  be  Rh-positive.  The  blood  of  the  donor  who  gave  her  the  reaction  was 
also  found  to  be  group  O,  Rh-positive.  She  was  now  given  600  cc.  of  blood  from  an 
Rh-negative  donor  without  any  reaction.  Fluids  were  forced  to  about  2500  cc.  daily 
until  edema  appeared  and  the  patient's  heart  developed  a  gallop  rhythm.  The  daily 
output  of  urine  averaged  50  cc.  and  vomiting  continued.  Digitalis  was  started.  For 
five  days  her  condition  remained  unchanged.  She  then  received  glucose  and  distilled 
water.  On  the  seventh  day  she  went  into  pulmonary  edema  for  which  she  received 
atropine,  aminophyllin,  and  tourniquets  applied  to  the  extremities.  On  the  eighth 
day  she  finally  began  to  void  in  amounts  up  to  300  to  400  cc.  The  urine  was  of  fixed 
specific  gravity  of  1014  and  the  blood  urea  nitrogen  remained  at  70  mg.  per  cent. 
Eleven  days  after  her  first  transfusion  the  patient  had  a  sudden  onset  of  right  lower 
quadrant  pain  and  a  tender  mass  was  felt  there.  This  was  diagnosed  as  a  hemorrhage 
into  the  rectus  sheath.  The  hemoglobin  had  risen  to  48  per  cent,  and  the  patient  was 
given  a  500  cc.  transfusion  of  Rh-negative  blood,  again  without  anj-  reaction.  From 
this  point  on  there  was  steady  improvement.  The  blood  urea  nitrogen  fell  to  58 
mg.  per  cent  on  the  fifteenth  day  and  to  20  mg.  per  cent  on  the  twentieth  day  after  the 
transfusion  reaction.  The  albuminuria  disappeared  and  the  hemoglobin  rose  to  60 
per  cent. 

The  mass  in  the  right  lower  quadrant  shrank  progressively  so  that  at  the  time  of 
her  discharge  it  w-as  only  a  small  fraction  of  its  original  size.  The  uterus  was  fairly 
involuted  and  retroflexed.  The  importance  of  contraception  was  explained  to  the 
patient. 

COMMENT 

Xo  anti-Rh  agglutinins  could  be  demonstrated  in  the  patient's  blood 
immediately  following  the  transfusion  accident  because  of  the  absorption 
of  this  agglutinin  hy  the  donor's  cells.  Ten  days  later,  however,  the 
agglutinin  was  detected  in  her  serum.  The  blood  of  the  donor  which 
caused  the  reaction  showed  distinct  agglutination  of  the  red  cells  with  the 
jjatient's  serum  after  standing  in  a  water  bath  at  37°C.  for  fifteen  minutes 
and  then  centrifuging  the  tubes.  Agglutination  also  occurred  with  nu- 
merous group  O,  Rh-positive  donors  tested,  but  no  clumping  took  place 
with  several  Rh-negative  donors.  The  anti-Rh  agglutinin  could  no  longer 
be  detected  after  the  fifth  week. 

We  have  here  a  clear  example  of  a  type  of  severe  intra-group  transfu- 
sion reaction  such  as  is  seen  in  certain  cases  of  repeated  transfusions  or 
tran.sfusions  in  pregnant  women.    In  this  case  the  patient,  lacking  a  cer- 
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tain  factor  in  her  blood  which  was  present  by  heredity  in  her  offspring, 
developed  an  antibody  against  the  factor  during  her  pregnancies.  \\Tien 
she  was  transfused,  because  of  her  exsanguinating  hemorrhage,  the  new 
blood  happened  to  contain  the  factor  against  which  she  had  developed  the 
antibody. 

It  is  characteristic  that  in  pregnancy  the  intra-group  hemolytic  reac- 
tions usually  occur  following  the  first  transfusion,  in  contrast,  to  the  tran.s- 
fusion  accidents  which  take  place  after  repeated  transfusions.  It  is  most 
important  that  obstetricians  and  gynecologists  should  realize  that  such 
accidents  are  likely  to  occur  during  pregnancy.  The  Rh  factor  in  the 
fetus  is  responsible  for  the  iso-immunization  in  most  cases,  but  other 
factors  may  also  immunize  (13).  Careful  compatibility  tests  at  the 
appropriate  temperature  should  be  performed  as  suggested  by  Levine  (21) 
and  when  necessary  an  Rh-negative  donor  procvu'ed. 

It  is  also  of  importance  to  cros.s-match  Rh-negative  donors  with  pa- 
tients who  have  anti-Rh  agglutinins  since  occasionally  there  may  be  some 
differences  in  the  specificity  of  the  Rh  (22).  The  original  blood  sample 
sliould  always  be  saved;  since,  once  a  severe  transfusion  accident  has 
taken  place  the  circulating  agglutinin  may  be  entirely  absorbed  by  the 
transfused  red  cells  and  then  compatability  tests  will  not  detect  the 
agglutination  which  may  be  present. 

It  should  be  mentioned  that  this  patient  had  five  spontaneous  mis- 
carriages. Such  a  history  is  frequently  found  in  women  in  whom  trans- 
fusion accidents  are  reported  (11,  12,  23).  In  addition  a  high  percentage 
of  babies  with  erythroblastosis  fetalis  are  delivered  of  such  mothers. 
The  interesting  correlation  and  possible  genesis  of  this  condition  has  been 
studied  by  various  authors  (23,  14,  24,  25).  Careful  obstetrical  histories 
should  be  taken  before  transfusions  are  given. 

SUMMARY 

We  report  a  historj'  of  five  spontaneous  miscarriages  in  a  woman  in 
whom  a  transfusion  accident  took  place  following  transfusion  of  Rh- 
positive  blood.  The  patient  was  found  to  be  Rh-negative  and  anti-Rh 
agglutinins  were  demonstrated  in  her  serum.  She  received  two  unevent- 
ful transfusions  from  Rh-negati\-e  donors  and  then  made  a  complete 
recovery. 
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[From  the  S^irgical  Service  of  Dr.  Ralph  Colp] 

One  thousand  and  thirty-five  cases  of  neoplasms  of  the  stomach  were 
diagnosed  in  The  Mount  Sinai  Hospital  from  1933  to  1940.  Lympho- 
sarcoma was  the  final  diagnosis  in  tweh'e  of  these  cases,  an  incidence  of 
1.2  per  cent.  It  is  important  to  differentiate  this  type  of  tumor  from 
carcinoma  because  surger}-  offers  a  better  prognosis  in  the  early  cases  of 
the  former  and  radiotherapy  is  definitely  indicated  in  the  advanced  or 
inoperable  cases.  Clinically,  it  is  impossible  to  make  this  diagnosis  with 
certainty;  however,  in  the  following  ease  the  diagnosis  of  lymphosarcoma 
was  suggested  preoperatively. 

CASE  REPORT 

History  (Adm.  466414).  A  62  j'ear  old  unmarried  nurse  stated  that  six  months 
prior  to  her  admission  to  the  hospital  she  had  experienced  sharp  epigastric  pain 
radiating  to  the  back;  this  was  somewhat  relieved  by  belching.  The  pain  was  spas- 
modic and  lasted  several  minutes;  its  recurrence  was  neither  related  to  the  intake  of 
food  nor  was  there  relief  after  the  intake  of  alkalis  or  food.  Three  weeks  prior  to  ad- 
mission the  severity  of  the  pain  was  markedly  increased  and  three  days  before  she 
entered  the  hospital  she  vomited  about  a  pint  of  blood.  There  was  no  weakness  or 
faintness  after  the  hematemesis,  but  rather  a  definite  sense  of  relief  from  her  epigas- 
tric distress  and  pressure.  Her  appetite  was  poor  and  she  had  lost  fifteen  pounds 
since  the  onset  of  her  illness.  There  were  neither  dysphagia,  nausea  nor  other 
digestive  disturbances.  The  past  historj'  was  irrelevant;  one  sister  had  died  of 
breast  carcinoma. 

Examination.  When  she  entered  the  hospital,  the  examining  physician  noticed 
the  characteristic  fetor  oris  which  is  peculiar  to  persons  who  vomit  blood,  but  there 
were  no  signs  of  active  bleeding.  The  pulse  rate  was  90  per  minute  and  the  blood 
pressure  was  144  systolic  and  80  diastolic.  The  blood  hemoglobin  was  69  per  cent 
and  the  red  blood  cell  count  was  3,700,000  cells  per  cu.  mm.  The  physical  examina- 
tion was  essentially  negative.  The  abdomen  was  soft  and  no  masses  were  palpated. 
The  first  stool  in  the  hospital  was  normal  in  color  and  did  not  contain  occult  blood; 
since  the  site  of  the  bleeding  was  near  the  cardia,  it  is  probable  that  practically  all  of 
the  blood  was  vomited.  There  was  an  absence  of  free  hydrochloric  acid  in  the 
fractional  test  meal,  even  after  the  hypodermic  injection  of  histamine.  The  total 
acidity  was  20.    Blood  was  present  in  most  specimens. 

Roentgenologic  examination  of  the  stomach  after  the  ingestion  of  a  barium  meal 
revealed  the  rugal  markings  to  be  spread  apart  as  if  by  markedly  hypertrophied  rugae 
or  by  intruding  masses.  Below  the  cardia  an  ulcer  was  simulated  but  an  actual  ulcer 
crater  could  not  be  demonstrated  (fig.  1).  Peristalsis  over  the  lower  half  of  the  stom- 
ach was  sluggish  but  progressed  to  the  antrum  and  the  mucosal  pattern  here  was  not 
definitelj'  abnormal.    There  was  no  retention  of  the  barium  meal  at  the  six  hour 
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observatron.  The  roentgenologic  examination  suggested  that  the  upper  half  of  the 
stomach  was  distinctly  abnormal  and  that  this  abnormal  appearance  was  caused  by 
either  giant  rugae  or  by  tumors  belonging  to  the  group  of  lymphoblastoma  (Dr. 
yi.  L.  Sussman). 

The  stomach  was  then  examined  by  means  of  the  flexible  gastroscope.  Projecting 
from  the  lesser  curvature  into  the  lumen  of  the  stomach  and  below  the  cardia,  there 
were  several  grayish,  necrotic  masses  of  varying  sizes.  On  the  posterior  wall  of  the 
body  of  the  stomach  and  extending  to  the  greater  curvature,  there  were  numerous 
small,  sessile  nodules  covered  by  relatively  normal  mucosa.  The  entire  picture  did 
not  look  like  a  tj'pical  carcinoma  and  the  gastroscopist  considered  the  possibility  of 


Fig.  1.  Roentgenological  examination  of  the  stomach  after  the  ingestion  of  a 
barium  meal  revealed  the  rugal  markings  to  be  spread  apart  as  if  by  markedly  hy- 
pertrophied  rugae  or  by  intruding  masses.  Below  the  cardia  an  ulcer  was  simulated 
but  an  actual  ulcer  crater  could  not  be  demonstrated. 

a  tumor  arising  from  the  submucosa  of  the  stomach,  probably  a  lymphosarcoma. 
From  roentgenologic  and  gastroscopic  appearances,  it  seemed  that  the  mucosal 
distortions  were  due  to  infiltrations  in  the  submucous  laj'er  of  the  stomach  by 
tumors  of  the  lymphoblastoma  group. 

Operation.  Exploratory  laparotomy  was  then  performed.  The  stomach  was  nor- 
mal in  size  and  appearance.  Palpation  revealed  no  thickening  or  abnormality  of  the 
stomach  wall.  Gastrotomy  was  then  performed  in  the  cardiac  region.  Xear  the 
lesser  curvature  there  were  areas  of  necrosis.  Xodular  masses  were  felt  on  the 
mucosal  aspect  of  the  posterior  wall.  A  biopsied  specimen  revealed  fragments  of 
polypoid  gastric  mucosa  showing  submucosal  infiltration  by  tumor  in  one  area,  most 
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probably  lymphosarcoma.  Resection  was  not  done  because  the  lesion  extended 
to  the  cardia  and  because  this  type  of  timior  f  reejuently  responds  to  radiation  therapy. 

COMMENT 

Lymphosarcoma  is  rareh'  diagnosed  pie-operatively.  In  this  case, 
roentgenologic  and  gastroscopic  studies  suggested  the  diagnosi.-j.  Resec- 
tion of  the  tumor  should  be  performed  if  possible,  since  the  disease  remains 
locahzed  to  the  stomach  for  a  relatively  long  time.  In  the  inoperable 
cases,  radiotherapy  has  proven  of  definite  value  in  relieving  symptoms, 
prolonging  life  and,  perhaps,  effecting  a  permanent  cure. 
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George  Baehr,  M.D.,  and  Paul  Klemperer,  M.D.,  presiding 

Wednesday,  December  6,  1939 
Huge  Fibrosarcoma  of  the  Pleura 
[Frorn  the  Surgical  Service  of  Dr.  Harold  Neuhof] 

History  (Adm.  441686;  P.M.  11200).  A  thirty  year  old  woman  was 
admitted  to  the  hospital  on  June  8,  1939.  Five  and  a  half  years  before 
admission  she  noted  sticking  pain  in  the  left  chest  associated  with  cough 
productive  of  small  amounts  of  non-foul  sputum.  X-ray  examinations 
carried  out  at  that  time  revealed  a  large  tumor  in  the  upper  portion  of 
the  left  chest.  Radiotherapy  administered  over  a  period  of  six  weeks 
produced  no  change  in  the  size  of  the  lesion.  She  was  observed  carefully 
and  during  the  next  three  years  the  tumor  did  not  increase  in  size.  During 
the  subsequent  two  years,  however,  it  became  progressively  larger,  and 
an  x-ray  examination  taken  before  admission  revealed  that  the  mass  now 
occupied  practically  the  entire  left  hemithorax.  Three  weeks  before 
admission  she  experienced  sharp  pain  over  the  left  chest  which  persisted 
for  several  days.  This  pain  was  associated  with  severe  dyspnea.  In 
the  course  of  the  three  weeks  before  admission  these  symptoms  disappeared 
and  she  then  entered  the  hospital  for  investigation  of  the  tumor  mass. 

Examination.  The  patient  was  obese  and  well  developed.  The  heart  appeared 
displaced  to  the  right.  There  was  flatness  over  the  upper  left  chest,  anteriorly  and 
posteriorly.  Breath  sounds  and  fremitus  were  diminished  to  absent  over  these 
areas.  Faint  rales  were  also  heard  in  these  areas.  The  blood  pressure  was  130 
systolic  and  80  diastolic.  The  impression  was  that  of  pleural  tumor  with  effusion 
(fibroma  or  fibrosarcoma). 

Laboratory  Data.  Blood:  hemoglobin,  88  per  cent  (Sahli) ;  white  blood  cells,  9,200 
with  a  normal  differential  count.  The  blood  chemistry  findings  were  normal.  The 
Wassermann  reaction  was  negative.  The  urine  and  stool  examinations  were  nega- 
tive. An  Ascheim-Zondek  test  of  the  urine  was  negative.  The  electrocardiogram 
revealed  no  significant  abnormalities.  X-ray  examination  of  the  chest  revealed  a 
ma.ss  in  the  upper  thorax  with  areas  of  calcification  within  it.  This  was  interpreted 
as  being  of  mediastinal  origin,  and  probably  benign. 

Course.  Two  hundred  cubic  centimeters  of  grossly  bloody  fluid  were  aspirated 
from  the  left  chest.  This  clotted  immediately.  No  tumor  cells  were  found  in  the 
fluid.  In  order  to  determine  whether  this  lesion  was  operable,  a  thoracoscopj-  was 
done  after  a  preparatory  pneumothorax.  A  well  encapsulated  vascular  tumor  was 
visualized.  There  was  no  evidence  of  metastases.  A  biopsy  was  considered  too 
hazardous  because  of  the  vascularity  of  the  tumor.  It  was  assumed  that  the  blood 
in  the  pleural  cavity  had  come  from  a  ruptured  vessel  from  the  surface  of  the  tumor. 
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Surgical  removal  of  the  tumor  was  then  attempted.  The  left  lung  was  found  to  be 
collapsed,  the  remainder  of  the  pleural  cavity  being  filled  with  a  large  vascular  tumor 
which  was  broadly  attached  to  the  posterior  mediastinal  paravertebral  region.  At- 
tempts to  remove  the  tumor  were  blocked  by  profuse  bleeding.  During  the  operation 
the  patient  went  into  profound  collapse  and  died. 

Necropsy  Findings.  There  was  a  large  tumor  originating  from  the  subpleural 
tissues  in  the  posterior  mediastinum,  freely  movable,  and  lying  free  in  the  left  pleural 
cavity.  The  left  lung  was  completely  compressed,  and  posteriorly  the  tumor  ex- 
tended beyond  the  midline  into  the  right  chest.  The  neoplasm  itself  was  enormous 
in  size  but  displayed  no  infiltrative  tendencies.  Although  there  was  no  evidence  of  a 
hemorrhagic  state  of  the  tumor,  there  were  several  markedly  dilated  blood  vessels  on 
the  surface.    On  section,  it  was  very  cellular,  composed  chiefly  of  fibroblasts. 

Comment.  Dr.  Klemperer.  I^ecause  of  the  tremendous  size  attained 
by  these  tumors,  they  have  been  categorized  as  "giant  tumors  of  the 
pleura."  They  are  not  very  frequent  in  occurrence.  These  tumors  are 
characterized  by  their  bulk,  their  nodularity  and  marked  cellularity.  The 
latter  is  so  predominant  that  one  may  classify  the  tumor  as  a  fibrosarcoma 
of  low  grade  malignancy. 

Dr.  Touroff.  Experience  has  shown  that  the  type  of  benign  neoplasm 
represented  by  this  case,  follows  one  of  two  courses:  1)  it  may  grow  to 
such  a  large  size  as  to  be  completely  beyond  any  surgical  aid;  or  2)  it  may 
undergo  malignant  change.  Therefore,  all  such  cases  should  receive 
radiotherapy  for  a  period  of  four  to  six  weeks.  If  at  the  end  of  this  time 
there  is  no  response,  x-ray  treatment  should  be  discontinued.  The  patient 
should  then  be  subjected  to  exploratory  thoracotomy.  The  procedure  is 
comparatively  safe.  The  present  tendency  is  to  explore  the  thorax  as 
readily  as  the  abdomen.  The  previous  tendency,  to  hesitate  about 
exploring  the  thorax,  has  been  largely  dispelled  by  improved  methods  of 
anesthesia  and  improved  thoracic  surgical  technique. 

Reported  by  Ahner  Kurtin,  M.D. 

Wednesday,  December  20,  19S9 

Papillary  Adenocarcinoma  of  Testis ;  Recurrence  Six  Years  After 

Orchidectomy 

[From  the  Medical  Service  of  Dr.  George  Baehr] 

History  (Adm.  444739;  P.M.  11265).  This  was  the  first  admission  of  a 
forty-two  year  old  German  refugee,  who  complained  of  pain  in  the  left 
thigh.  His  past  history  revealed  that  six  years  before  admission  a  left 
orchidectomy  had  been  performed  for  a  sarcoma  (?)  of  the  testicle.  Aside 
from  a  period  of  confinement  in  a  concentration  camp  one  year  before 
admission,  during  which  time  he  developed  a  transient  swelling  of  the  legs 
and  hands,  he  was  well  until  three  weeks  prior  to  admission.  At  that  time, 
without  any  preceding  trauma  he  developed  severe  pain  in  the  left  thigh, 
extending  from  the  hip  to  the  knee.    The  pain  was  unremitting,  more 


310 


CLINICAL  PATHOLOGICAL  CONFERENCE 


marked  mesially,  and  appeared  to  be  in  the  muscle  rather  than  in  the  bone. 
About  fi\e  hours  later  he  was  awakened  by  substernal  oppression  and 
precordial  pain  radiating  to  the  left  shoulder,  which  was  accompanied 
by  dyspnea  and  marked  anxiety.  A  tentative  diagnosis  of  myocardial 
infarction  was  made,  but  then  discounted  after  three  successive  electro- 
cardiograms proved  to  be  normal.  Two  daj^s  later  he  developed  a  cough 
productive  of  bloody  sputum.  These  sj'mptoms  disappeared  within 
five  days. 

Examination.  The  patient  was  slow  and  guarded  in  his  movements,  always 
sparing  his  left  lower  extremity.  He  seemed  quite  exhausted.  No  lymph  nodes  were 
palpable.  The  trachea  was  in  the  midline.  The  lungs  were  clear  throughout.  The 
heart  was  not  enlarged.  The  rhythm  was  regular,  but  tachycardia  was  present.  The 
sounds  were  of  fair  quality.  Xo  murmurs  were  audible.  The  blood  pressure  was 
130  systolic  and  80  diastolic.  A  well  healed  appendectomy  scar  was  present.  The 
left  testicle  was  missing.  No  abdominal  viscera  or  masses  were  palpable.  Rectal 
examination  was  negative.  The  left  thigh  was  voluntarily  flexed  at  the  hip.  Full 
extension  was  possible,  but  resulted  in  pain  in  the  thigh.  Th^e  was  neither  limita- 
tion of  motion  at  the  hip  joint,  nor  any  local  bony  tenderness.  The  straight  leg- 
raising  test  caused  pain.  The  reflexes  were  equal  and  active.  The  muscular  and 
sensory  status  was  negative. 

Laboratory  Data.  Blood:  hemoglobin,  100  per  cent;  white  blood  cells,  14,200  with 
88  per  cent  polymorphonuclear  neutrophiles.  Sedimentation  time,  32  minutes. 
Wassermann  reaction,  negative.  Urine  and  stool  examinations,  negative.  A  Fried- 
man test  of  the  urine  was  positive  down  to  10  cc;  smaller  amounts  of  urine  gave 
negative  results.  Electrocardiogram  revealed  prominent  P  waves.  X-ray  examina- 
tion of  the  pelvis,  lumbosacral  spine  and  proximal  half  of  each  femur  did  not  reveal 
any  bony  aVjnormalities.  Chest  x-ray  examination  showed  both  lungs  to  be  studded 
with  innumerable  submiliary  nodules,  suggesting  a  metastatic  neoplasm.  Vital 
capacity  was  2500  cc.    Ether  time,  5  seconds. 

Course.  The  temperature  was  essentially  sub-febrile  throughout.  It  appeared 
obvious  that  this  man  was  suffering  from  a  metastatic  neoplasm.  The  history  of 
orchidectomy  for  tumor,  plus  the  positive  Friedman  test,  pointed  to  a  recurrence  of 
the  testicular  malignancy.  The  orthopedic  consultant  pointed  out  that  the  x-ray 
examination  of  the  hip  did  not  indicate  a  diagnosis  of  metastatic  neoplasm,  that  trac- 
tion had  improved  motion  at  the  joint,  and  that  by  now  rectal  examination  suggested 
retroperitoneal  lymph  node  metastases.  Hence,  even  though  it  was  suspected  that 
there  was  metastatic  hip-joint  involvement,  it  seemed  more  logical  to  apply  radio- 
therapy to  the  retroperitoneal  tissues.  This  was  done  but  the  clinical  course  per- 
sisted in  a  down-hill  fashion.  Several  episodes  of  chest  pain  occurred,  accompanied 
by  bloody  sputum.  At  one  time  a  loud  friction  rub  developed  in  the  lower  right 
axilla.  Fluoroscopy  of  the  chest  showed  a  tremendous  increase  in  the  size  of  the 
nodules  in  the  lung,  almost  replacing  the  normal  pulmonary  parenchyma.  A  hard 
mass  became  palpable  on  the  lateral  wall  of  the  left  pelvis.  The  patient's  respira- 
tions became  more  and  more  labored,  apparently  a  result  of  marked  reduction  of 
pulmonary  capacity.  He  died  four  weeks  after  admission  and  eight  weeks  after  the 
onset  of  symptoms,  with  a  picture  of  marked  dyspnea  and  air  hunger. 

Necropsy  Findings.  There  was  a  large,  retroperitoneal  tumor  mass  on  the  left 
side  of  the  abdominal  cavity  wherein  vessels  were  embedded.  These  included  the 
hypogastric  artery  and  vein.  The  latter  vessel  was  filled  with  a  tumor  thrombus 
which  extended  up  into  the  inferior  vena  cava.    The  tumor  was  very  cellular  and 
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showed  extensive  necroses.  The  luugfs  were  filled  with  nictasUitic  nodides,  varying 
in  size  from  that  of  a  pea  to  that  of  a  cherry,  and  many  of  these  bulged  through  the 
pleura.  The  heart  vessels  were  remarkably  free  of  coronary  sclero.sis.  One  small 
metastasis  to  the  myocardium  was  present.  Microscopically,  the  tumor  was  a 
papillary  adenocarcinoma. 

Comment.  Dr.  Klemperer.  The  pathological  findings  are  (luite  typical 
of  all  tumors  that  grow  into  \oins  and  metastasize  via  the  blootl  stream. 
This  is  most  often  seen  in  neoplasms  of  the  kidney,  adrenal,  and  testis, 
and  is  characterized  by  massive  pulmonary  metastases,  and  relative  ab- 
sence of  involvement  of  the  liver,  spleen  and  hono.  These  eoiiditions 
existed  here. 


Fig.  1.  Papillarj'  adenocarcinoma 


Considerable  dispute  still  exists  as  to  the  nature  of  the  class  of  tumor 
into  which  this  case  fits.  Most  pathologists  believe  that  all  testicular 
tumors  arise  from  teratomas,  whereas  some  believe  that  the  papillary 
type  of  adenocarcinoma  seen  here  probably  originates  in  the  rete  testis. 
The  Friedman  test,  or  the  strength  of  its  titre  cannot  be  used  to  differenti- 
ate the  origin. 

In  determining  the  advisability  of  radical  surgery  in  testicular  neoplasms, 
including  the  r-emoval  of  the  regional  lymph  nodes,  one  must  remember  that 
such  surgery  is  difficult  and  hazardous.  On  the  other  hand.  seminoma.s  of 
the  testicle  are  very  highly  i-adiosensitive.  The  relative  ad\-antages  and 
difficulties  must  be  weighed  in  each  instance. 


Reported  by  Max  Ellenberg,  M.D. 


CLINICAL  XEUROPATHOLOGICAL  COXFEREXCE 


Joseph  H.  Globus,  M.D.  presiding 

Monday,  February  10,  1941 

Case  3}  Multiple  Brain  Abscesses  and  Incidental  Finding  of 
Hemangiomatous  Malformation  of  the  Midbrain 
[From  the  Neurological  Service  of  Dr.  I.  S.  Wechsler] 

History  (Adm.  459148;  P.M.  11573).  A  man,  aged  51,  first  entered  the 
ho.spital  in  1927  because  of  dy.spnea,  abdominal  swelling  and  precordial 
pain  which  radiated  down  the  left  arm  and  which  was  provoked  by  exer- 
tion. At  that  time  a  serological  test  for  syphilis  was  found  to  be  positive 
and  anti-sj  philitic  therapy  was  begun.  In  the  course  of  a  neurological 
examination,  a  positive  Romberg  sign  was  detected  and  the  finger-to-nose 
test  with  the  right  hand  was  executed  poorly.  His  second  admission 
(1929)  was  for  treatment  of  bronchopneumonia.  He  returned  to  the 
hospital  in  1930  after  a  diagnosis  of  bronchiectasis  had  been  made  in  the 
Out-Patient  Department.  At  that  time,  he  complained  also  of  .severe 
pain  in  the  right  flank,  but  its  origin  remained  undetermined.  Slurring 
of  speech,  a  zone  of  hyperesthesia  at  the  level  of  the  sixth  and  seventh 
thoracic  segments  on  the  right  side,  and  sluggish  .superficial  reflexes  on  the 
right  side  were  the  positive  neurological  findings.  He  continued  to  experi- 
ence attacks  of  precordial  pain  radiating  down  the  left  arm.  In  the  course 
of  the  next  nine  years  he  became  subject  to  recurrent  attacks  of  uncon- 
sciousness which  were  said  to  resemble  "major"  epileptic  seizures,  usually 
preceded  by  an  attack  of  precordial  pain.  The  attacks  became  more 
frequent  and  led  to  numerous  admissions  to  several  city  hospitals.  On  the 
fourth  and  last  admission  to  this  ho.spital,  he  complained  of  an  increase  in 
the  severity  of  his  cough,  bloodj'  sputum,  pain  in  the  left  chest,  and  severe 
chills  for  one  week. 

Examination.  The  patient  appeared  to  be  acutely  ill  and  his  temperature  was 
elevated  to  103°F.  He  coughed  with  production  of  mucopurulent  sputum.  There 
was  clubbing  of  the  fingers  and  toes.  A  large  th^-roid  adenoma  was  noted  on  the  left 
side  of  his  neck.  Examination  of  the  heart  was  negative.  The  blood  pressure  was 
140  systolic  and  80  diastolic.  There  was  a  diminished  percussion  note  with  dimin- 
ished breath  sounds  at  both  bases  posteriorly,  more  marked  on  the  left  where  pec- 
toriloquy was  present.  The  onlj'  positive  neurological  signs  noted  were  small  irregu- 
lar pupils,  which  did  not  react  to  light. 

Laboratory  Data.    Blood:  The  white  blood  cells  numbered  18,300  of  which  there 


'  The  first  two  cases  were  presented  in  a  previous  issue  of  the  Journal  (Vd.  VIII, 
No.  3). 
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were  89  per  cent  polymorphomu-lear  leucocytes;  i)  per  cent  lymphocytes;  and  2  per 
cent  monocytes.  The  blood  Wassermann  and  Kahn  reactions  were  negative.  The 
sputiim  contained  pneumococci,  Type  III.  The  x-ray  examination  of  the  chest 
showed  bronchopneumonia  at  both  bases  and  some  fluid  at  the  left  base. 

Course.  The  patient  was  treated  with  sulfapyridine  and  his  fever  dropped  to 
almost  normal  within  two  days.  He  developed  hematuria,  however,  and  the  drug 
was  discontinued.  The  temperature  rose  again  and  on  the  fifteenth  hospital  day  a 
left  thoracotomy  was  performed  and  a  large  (|uantity  of  purulent  material  was 
drained.  On  the  twenty-second  hospital  day  the  patient  had  a  severe  attack  of  pre- 
cordial pain  and  repeated  electrocardiograms  revealed  the  presence  of  posterior  wall 
myocardial  infarction.  On  the  forty-first  hospital  day  he  suddenly  became  drowsy, 
and  had  an  elevation  of  temperature,  with  increase  in  pulse  rate  and  respirations. 
He  rapidly  became  comatose,  developed  rigidity  of  the  neck,  bilateral  Kernig  sign, 


Fig.  9.  The  midbrain  (mj'elin  stain)  in  case  3 

fixed  pin-point  pupils,  slight  paresis  of  the  right  upper  and  lower  extremities,  absence 
of  abdominal  reflexes,  and  a  positive  Oppenheim  sign  on  the  right.  There  was  a 
questionable  facial  paresis  on  the  right  side.  Lumbar  puncture  yielded  turbid  cere- 
brospinal fluid  under  increased  pressure  with  3,000  white  blood  cells  per  cubic  milli- 
meter, mostly  polymorphonuclear  leucocytes.  The  cerebrospinal  fluid  Wassermann, 
colloidol  gold  and  globulin  tests  were  all  negative.  The  cerebrospinal  fluid  sugar  was 
45  mg.  per  cent  and  the  total  protein  was  114  mg.  per  cent.  A  culture  of  the  cere- 
brospinal fluid  revealed  H.  influenzae;  subseciuent  lumbar  punctures  revealed  a  de- 
crease in  the  number  of  white  blood  cells,  which  became  predominantly  mononuclear. 
He  was  again  placed  on  sulfapyridine,  but  he  remained  unimproved  and  died  after 
four  days  of  coma. 

Necropsy  Findings.  Brain.  Gross.  The  Icptomeninges  were  dull  and  did  not 
contain  as  much  cerebrospinal  fluid  as  normally.  On  the  dorsal  surface  of  the  cere- 
bellum, in  the  midline  overlying  the  vermis  and  extending  inferiorly  towards  the 
fourth  ventricle  and  laterally  over  the  cerebellar  hemisphere  was  a  thick,  greenish 
exudate.    The  vessels  of  the  brain  were  somewhat  sclerotic. 

On  sectioning  the  brain,  an  enormous  symmetrical  hydrocephalus  was  found.  The 
corpus  callosum  was  thinned  and  the  septum  pellucidum  destroyed.  The  third 
ventricle  was  slightly  dilated.  Midtiple  abscesses  were  found  in  the  cerebrum  meas- 
uring about  1  cm.  in  diameter  and  filled  with  a  yellowish-green  purulent  diffluent  exu- 
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date.  One  of  these  was  situated  in  the  riglit  frontal  lobe  adjacent  to  the  cortex  of  the 
premotor  area.    A  second  was  found  situated  within  the  centrum  ovale  of  the  left 


Fig.  10.  Psammoma  bod}'  in  the  hemangiomatous  area  on  the  left  side  of  the  mid- 
brain (case  3). 


Fig.  11.  Hemangiomatous  formation  in  the  peri-aqueductal  area  (case  3) 


occipital  lobe.  Two  abscesses  were  present  in  the  cortex  and  adjacent  subcortex  of 
the  medial  aspect  of  the  left  occipital  lobe. 
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The  aqueduct  of  Sylvius  was  somewhat  narrowed  and,  near  the  fourth  ventricle, 
was  found  to  he  obliterated  hv  what  appeared  to  lio  granulomatous  tissue     Tii  the 


Fig.  13.  Capillary  hemangiomatous  zone  within  the  obliterated  aqueduct  (case  3) 

anterior  portion  of  the  midbrain  in  the  left  lateral  portion  of  its  tegmentum,  there  was 
a  round  mass,  yellowish-gray  in  color,  presenting  a  granular  surface,  well  demarcated 
from  the  rest  of  the  tissue,  measuring  about      cm.  in  diameter. 
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Microscopic.  Cerebral  cortex:  Section  of  cerebral  cortex  containing  two  small 
abscesses  showed  the  latter  to  be  surrounded  by  a  zone  of  prominent  and  injected 
blood  vessels,  which  in  turn  was  enveloped  by  a  zone  of  fibrous  tissue.  The  adjacent 
brain  tissue  showed  an  increase  in  the  glial  elements  including  many  gitter  cells.  The 
ganglion  cells  had  darkly  staining,  eccentrically  placed  nuclei  with  homogeneous 
deeply  staining  cytoplasm,  indicating  early  degenerative  changes. 

The  meninges:  The  pia-arachnoid  lining  the  cortex  and  the  midbrain  was  in- 
filtrated with  polymorphonuclear  leucocytes  and  mononuclear  cells.  There  was  a 
marked  congestion  of  the  glial  and  subependymal  vessels.  The  ependymal  lining 
in  the  lateral  ventricles  and  the  aqueduct  was  desquamated  in  places  or  covered  by  a 
purulent  exudate. 

The  midbrain:  A  myelin  stain  revealed  marked  demyelinization  of  the  tectum 
and  of  the  lateral  aspect  of  the  left  part  of  the  tegmentum  encroaching  upon  the  sub- 
stantia nigra  on  that  side  (fig.  9).  The  aqueduct  was  displaced  to  the  right  and  was 
smaller  than  normal.  In  the  right  dorso-lateral  area  of  the  tegmentum,  there  was  an 
area  of  gray  matter  which  was  the  posterior  quadrigeminal  body  in  an  abnormal  posi- 
tion. A  similar  section  stained  with  hematoxylin  and  eosin  showed  the  demyelinized 
areas  in  the  dorsal  and  left  lateral  portions  of  the  midbrain  to  consist  of  hemangio- 
matous  tissue  which  was  fairly  sharply  delineated  from  the  adjacent  tissue.  In  the 
lateral  area  of  the  midbrain  there  were  large  numbers  of  psammoma  bodies  (fig.  10) 
surrounded  by  a  large  number  of  elongated  cells  arranged  in  streams  which  had  the 
appearance  of  fibroblasts.  Adjacent  to  the  aqueduct  was  an  area  containing  many 
small  and  medium  sized  blood  vessels  (fig.  11)  with  thick  muscular  walls,  some  of 
which  were  filled  with  blood.  Many  foam  cells  were  encountered  (fig.  12).  An  oc- 
casional blood  vessel  showed  calcified  hyaline  deposits  in  the  wall. 

In  some  sections  the  aqueduct  was  almost  completely  closed  by  numerous  small 
capillaries  and  larger  vessels  (fig.  13).  The  latter  constituted  a  hemangiomatous 
formation,  which  contained  several  very  small  irregularly  placed  canaliculi  lined  with 
ependyma,  representing  the  only  patent  part  of  the  aqueduct  in  this  region. 

The  brain  tissue  adjacent  to  the  tumor  showed  a  relative  increase  in  the  glial 
elements.  Some  of  the  ganglion  cells  showed  a  moderate  degree  of  nuclear  disinte- 
gration and  chromatolysis.  The  cells  in  the  oculo-motor  nuclei  appeared  to  be  es- 
sentially normal  except  for  an  apparent  increase  in  the  glial  cells. 

Comment.  Dr.  Globus:  On  his  first  admission,  the  patient  already  pre- 
sented some  neurological  manifestations,  which  now  in  the  light  of  the 
recently  disclosed  post-mortem  findings,  can  be  explained  by  the  hemangio- 
matous malformation  of  the  midbrain.  The  same  is  true  of  the  sensory 
disturbances  foimd  in  the  same  patient  thirteen  years  later  and  of  the 
accompanying  complaints  of  pain  in  the  same  region.  Even  the  then 
noted  slurring  speech  and  the  sluggish  superficial  reflexes  on  the  right  side 
are  not  \\-ithout  significance.  What  is  still  more  significant  are  the  so- 
called  epileptic  seizures  which  marked  his  last  nine  years  of  life.  They, 
in  view  of  the  mesencephalic  lesion,  were  probably  in  the  nature  of  decere- 
brate seizures,  often  associated  with  midbrain  dy.sfunction. 

The  fatal  i.ssue  in  this  case,  of  course,  is  to  be  traced  to  the  pulmonary 
disease  and,  particularly,  to  the  thoracotomA',  causing  multiple  infected 
emboli,  which  re.sulted  in  the  multiple  brain  absces.ses. 


Reported  by  P.  Myerson,  ^^.  D. 
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Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  column 
brief  abstracts  of  their  articles  appearing  in  other  journals. 


The  Severer  Forms  of  Acute  Appendicitis  with  Special  Reference  to  the  Treatment  of 
Appendiceal  Abscess"    E.  E.  Arnheim  and  H.  Xeuhof.    Surg.,  Clynec.  &  Obst. 
70:  42,  January  1940. 
Death  should  rarely  follow  operations  for  acute  phlegmonous  or  gangrenous  ap- 
pendicitis, appendicitis  with  local  peritonitis  or  appendicitis  with  abscess.  This 
view  is  based  on  212  surgical  cases  in  ward  service  and  in  private  practice  from  1931 
to  1939.    There  were  four  fatal  cases,  a  mortality  of  1.8  per  cent.    Three  of  the 
deaths  were  in  cases  in  which  diffuse  peritonitis  existed  at  the  time  of  operation. 
There  were  no  deaths  in  forty  cases  of  acute  appendicitis  with  abscess  or  in  seven- 
teen cases  of  acute  appendicitis  with  local  peritonitis.    The  low  mortality  (with  the 
exception  of  that  of  diffuse  peritonitis)  is  attributed  essentially  to  certain  principles 
in  operative  technic  and  in  general  management  before  and  after  operation. 

Ureteropelvic  Anastomosis  following  Avulsion.  A.  Hyman  and  S.  F.  Wilhelm. 
J.  Urol.  43:  52,  January  1940. 
Although  traumatic  separation  of  the  ureter  from  the  pelvis  is  rare,  it  was  pos- 
sible to  collect  and  report  five  such  instances.  Each  case  occurred  during  the  course 
of  pyelotomy  for  calculus  in  the  presence  of  renal  infection.  In  three  of  thc^e  five 
cases  a  satisfactorily  functioning  kidney  resulted  from  re-implantation  of  the  ureter 
into  the  pelvis.  The  following  principles  are  of  the  utmost  importance:  1)  The 
provision  of  free  urinary  drainage  by  means  of  a  nephrostomy;  2)  Accurate  suture 
anastomosis  of  the  ureter  to  the  pelvis  without  tension;  3)  Splinting  of  the  anastomo- 
sis with  a  catheter  to  immobilize  the  ureter  and  maintain  the  stoma. 

Grasping  and  Sucking.    I.  Bieber.    J.  Nerv.  &  Ment.  Dis.  91:  1,  January  1940. 

Investigation  of  grasping  and  sucking  in  infants,  and  in  pathological  states  of 
adults,  reveal  that  these  phenomena  are  physiologicallj'  related.  In  new-borns 
and  infants  grasping  can  be  elicited  and  maintained  after  sucking  is  induced.  In 
certain  pathological  states  of  adults,  such  as  semi-comatose  and  delirious  conditions, 
grasping  and  sucking  reappear,  and  bear  a  similar  reciprocal  relationship  to  one 
another.  The  well-known  clinical  symptoms  of  carphologia  and  sub-sultus  tendinum 
are  elaborations  of  grasping  responses  in  deliria.  The  sucking  movements  that 
accompany  this  grasping  have  not  been  stressed,  and  its  relation  to  grasping  not 
noted.  Grasping  can  be  elicited  by  placing  an  object  in  the  hand;  sucking  by  touch- 
ing the  lips.  The  author  also  concluded  that  the  biological  function  of  grasping  is 
initially  supportive  and  after  hand  to  mouth  activity  has  been  established  it  also 
serves  to  bring  objects  closer  to  the  subject. 
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The  Relationship  of  Bacillary  Dysentery  Infections  to  Chronic  Intermittent  Diarrheas. 
R.  TuRELL.  Rev.  Gastroentero.  7:  14,  January  1940. 
It  was  pointed  out  that  there  exists  no  unanimity  of  opinion  as  to  the  criteria  of 
an  unequivocal  diagnosis  of  diarrhea.  The  relationship  of  an  antecedent  bacillary 
dysentery  infection  to  chronic  ulcerative  colitis  was  stressed.  The  difHcuIties  of  the 
isolation  of  the  dysentery  bacterium  and  the  value  of  the  serum  agglutination  tests 
were  discussed. 

There  is  a  large  group  of  cases  of  intermittent  diarrhea  where  the  agglutination 
tests  are  persistently  positive  in  high  titres,  but  other  examinations  give  negative 
results.  These  patients  are  a  source  of  discrimination  of  bacillary  dj'sentery  and 
should  be  the  concern  of  the  public  health  authority.  This  disease  outranks  typhoid 
fever  in  New  York  City. 

An  epidemologic  survey  of  bacillary  dysentery  should  include  a  preliminary  stool 
culture  and  a  study  of  the  agglutinins  of  the  blood  serum.  In  10  to  14  days,  another 
specimen  of  blood  serum  should  be  submitted  for  agglutination  tests.  A  rising  titre 
should  be  considered  as  suggestive  diagnostic  evidence  of  bacillary  dysenterA',  as 
should  a  preliminary  negative  test  and  subsequent  positive  tests.  Additional  speci- 
mens of  blood  collected  at  weekly  intervals  for  a  month  may  be  desirable.  Cultural 
studies  of  the  material  obtained  from  the  base  of  the  ulcer,  mucosal  scrapings,  and 
Lieberkuhn  gland  aspirations  should  be  made,  as  they  yield  a  higher  percentage  of 
positive  results  than  do  similar  studies  of  dejecta. 

Puberty,  Menstruation,  Pregnancy.    R.  T.  Fr.\xk.    Bull.  New  York  Acad.  Med. 
16:  83,  February  1940. 
A  general  survey  of  the  endocrine  forces  which  govern  puberty,  menstruation 
and  pregnancy. 

Puberty  is  a  gradual  process  which  comes  to  a  climax  with  the  onset  of  the  menses, 
preceded  by  the  development  of  the  sex  characters.  The  condition  maj'  be  delayed 
by  hypopituitarism,  hypothyroidism,  obesity  or  malnutrition. 

The  menstrual  cycle  indicates  full  maturation  of  the  female.  Hormonally  it  is 
marked  by  blood  and  excretory  cycles  due  to  periodic  increase  and  decrease  of  the 
gonadotropic  factors,  estrogens,  and  progesterone. 

Pregnancy  at  once  produces  a  huge  increase  in  the  secretion  of  gonadotropic, 
estrogenic  and  progestational  factors  as  well  as  an  increase  in  the  androgens.  The 
chorionic  epithelium  is  a  temporary  gland  of  internal  secretion. 

Functional  disturbances  of  the  cycle  in  most  cases  manifest  themselves  by  a 
change  in  the  hormonal  secretion  and  excretion,  but  except  in  menorrhagia  and 
metrorrhagia,  where  the  excretion  of  estrogen  is  greatly  increased,  these  assays  do 
not  completelj'  clarify  the  situation.  It  seems  established  that  variation  in  the 
secretion  of  gonadotropic,  estrogenic  and  progestational  factors  bring  about  these 
functional  disturbances  of  which  amenorrhea,  dysmenorrhea,  sterility,  menorrhagia, 
premenstrual  tension  are  the  clinical  indicators. 

The  effect  of  estrogens  in  infantile  gonorrhea  and  in  the  menopause  are  well 
established.  Progesterone  is  distinctly  promising  in  the  treatment  of  dysmenorrhea 
and  habitual  abortion.  The  treatment  of  menorrhagia  has  been  less  successful. 
Estrogens  are  useless,  gonadotropic  extracts  show  no  convincing  effect.  Androgens 
in  the  female  must  be  given  with  caution  because  of  the  observed  hirsutism,  coarsen- 
ing of  voice,  and  increase  of  the  clitoris  noted  in  some  cases.  The  extracts  prepared 
from  the  prepituitary  gland  itself  are  not  as  yet  available.  Pregnant  mare's  serum 
may  prove  of  value  but  must  be  given  with  caution  because  of  the  possibility  of 
severe  allergic  reactions. 

Congenital  Diaphragmatic  Hernia.    Report  of  a  Case  with  Sudden  Death.    J.  J. 
Kristal.    Arch.  Pediat.  57:  76-91,  February  1940. 
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Diaphragmatic  hernia  has  presented  itself  as  a  diagnostic  problem  since  little 
attention  has  been  given  to  the  condition  by  the  clinician.  This  ])aper  is  presented 
in  text-book  style  including  a  review  of  the  literature  from  I'are  in  1579,  wlio  first 
described  the  condition,  to  the  present. 

The  case  herein  presented  is  of  unusual  interest  since  only  one  other  case  has  been 
found  in  the  literature  where  sudden  death  occurred.  The  patient  was  a  15  month 
old  white  female,  practically  asymptomatic,  who  died  within  5^  hours  after  admission 
to  the  hospital. 

The  autopsy  revealed  a  congenital  diaphragmatic  hernia  which  had  been  unrecog- 
nized on  admission.  It  was  the  most  common  type  of  hernia,  namelj',  through  the 
left  pleuro-peritoneal  hiatus.    The  cause  of  death  was  a  strangulated  hernia. 

The  case,  as  well  as  the  theoretical  cause  of  death,  is  fully  discussed  from  the 
physiological  angle. 

Evaluation  of  Roentgenography  of  Surgically  Exposed  Kidney  in  the  Treatment  of 
Renal  Calculi.  G.  D.  Oppenheimer.  J.  Urol.  43:  2,  February  1940. 
An  analysis  was  made  of  patients  who  had  operative  x-ray  control  during  the 
years  1928  to  1938.  Eighty-five  patients  were  so  treated.  In  29  patients  (34  per 
cent)  stones  or  stone  fragments  which  could  not  be  palpated  or  found  without  the 
roentgenogram  were  located  by  means  of  this  procedure  and  removed.  The  method 
is  not  a  100  per  cent  correct  one,  however,  and  had  a  percentage  error  of  12.7  per  cent. 
Illustrative  cases  and  x-rays  were  presented  and  it  was  concluded  that  the  procedure 
is  a  most  valuable  one  in  the  operative  treatment  of  renal  calculi. 

Varicelliform  Eruption  Resulting  from  Sulfanilamide  Therapy.  O.  L.  Levin  and 
H:  T.  Behrman.  Urol.  &  Cut.  Rev.  44:  114,  February  1940. 
The  occurrence  of  a  varicelliform  eruption  following  the  administration  of  sulfanil- 
amide is  reported.  The  previous  reports  of  purpuric  and  scarlatiniform  eruption, 
toxic  dermatoses,  exfoliative  dermatitis,  and  generalized  erythematous  dermatitides 
are  mentioned.  The  appearance  of  this  type  of  eruption  should  be  kept  in  mind  as 
another  of  the  cutaneous  manifestations  of  toxicity  from  sulfanilamide  therapy. 

Interlobar  Perforated  Abscess  of  the  Lung  {Interlobar  Empyema).  H.  Xeuhof  and 
B.  CoPLEMAN.  Surg.  7  :  236,  February  1940. 
In  all  the  authors'  cases,  interlobar  empyema  proved  to  be  an  interlobar  collection 
of  pus  due  to  rupture  of  a  pulmonary  abscess  facing  an  interlobar  surface.  There 
are  no  clinical  criteria  for  its  recognition.  The  roentgenologic  criteria  are:  an  inter- 
lobar collection  of  fluid  or  of  fluid  and  air;  a  fluid  level  on  or  near  a  fissure:  progression 
of  disease  along  a  fissure.  These  distinctive  features  occurred  in  more  than  one- 
half  the  cases,  but  were  obscured  by  overlying  pleuritis  in  the  remainder.  The  inter- 
lobar situation  of  the  abscess  often  is  not  realized  until  the  time  of  operation.  The 
mortality  of  interlobar  ruptured  abscess  is  referable  to  prolonged  delay  in  diagnosis, 
erroneous  roentgenologic  interpretation,  and  operative  treatment  which  does  not 
take  into  account  the  causative  pulmonary  abscess  or  which  results  in  infection  of 
the  free  pleural  space.  Thus  the  recognition  of  the  fact  that  so-called  interlobar 
empyema  is  due  to  the  perforation  of  a  ruptured  pulmonary  abscess  is  of  clinical 
importance. 


320 


ABSTRACTS 


Cutaneous  Manifestations  of  Vitamin  A  Deficiency  in  Children.  E.  Lehman  axd 
H.  G.  Rapaport.  J.  A.  M.  A.  114:  386,  February  1940. 
Nine  children,  almost  all  of  families  on  relief,  had  cutaneous  manifestations  of 
vitamin  A  deficiency  similar  to  those  described  by  Frazier,  Hu  and  others.  The 
dermal  lesions  consisted  particularly  of  horny  papules  formed  by  keratotic  plugs 
projecting  from  hair  follicles.  The  diagnosis  was  confirmed  by  photometric  studies. 
Improvement  of  the  visual  tests  in  some  children  was  immediate  with  single  ade- 
quately large  doses  of  vitamin  A  but  in  others  rec)uired  prolonged  intensive  therapy. 
Maximal  improvement  of  the  skin  was  attained  with  a  daily  dose  of  from  100,000  to 
300,000  International  Units  of  vitamin  A  in  from  two  to  four  months.  So  far  these 
investigations  indicate  that  keratosis  pilaris,  ichthyosis  foUicularis  and  other  syno- 
nyms are  merely  descriptive  terms  for  the  cutaneous  manifestations  of  vitamin  A 
deficiency. 

Diabetes  Mellitus  In  One  of  Identical  Twins.  A.  E.  Fischer.  Am.  J.  Dis.  Child. 
59:  386,  February  1940. 
Diabetes  mellitus  in  one  of  a  pair  of  identical  twin  girls  was  discovered  at  the  age 
of  3  years,  11  months.  The  twins  have  been  followed  for  six  years.  Growth  has  been 
slightlj'  retarded  in  the  diabetic  child.  However,  their  weights  are  approximatelj* 
the  same.  The  non-diabetic  twin  has  had  frequent  glucose  tolerance  curves  which 
were  normal  except  when  the  test  was  made  after  an  acute  infection.  This  child 
does  not  show  any  evidence  of  diabetes  mellitus,  although  her  heredity  suggests 
that  she  will  probably  become  diabetic  later  in  life. 


A  COURSE  IN  STATISTICAL  METHODS 

An  introductory  course  in  Statistical  Methods  is  being 
initiated  at  The  Mount  Sinai  Hospital  which  mil  be  given 
by  Dr.  Franklin  Hollander.  The  course  is  intended  for 
medical  men  who  wish  to  familiarize  themselves  with  the 
procedures  used  in  the  statistical  treatment  of  clinical  and 
laboratory  data.  It  will  include  the  solution  of  practical 
problems  as  well  as  formal  lectures. 

The  course  will  run  for  a  period  of  ten  weeks  (total  of  thirtj' 
hours)  and  wall  be  given  2  afternoons  a  week,  4  to  5:30  p.m., 
starting  about  December  1,  1941.  Applications  for  the 
course  should  be  sent  to  Miss  Edith  L.  Levj'',  Secretary  for 
Medical  Instruction  at  the  Hospital. 
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FOREWORD 


The  many  friends  and  associates  of  Dr.  Bernard  Sutro  Oppenheimer 
welcome  the  opportunity  to  record  their  esteem  and  affection  by  contribut- 
ing to  this  commemorative  volume.  Numerous  as  they  are,  the  con- 
tributors to  this  volume  form  only  part  of  a  much  larger  company  of 
scientists  and  clinicians  in  all  parts  of  the  world  who  have  learned  to  know 
and  admire  Dr.  Oppenheimer  through  personal  or  scientific  contacts  during 
the  last  forty  j  ears. 

Forty  years  of  professional  activities  and  scientific  labors  have  not 
dimmed  his  ardor  as  a  clinician  or  investigator.  He  began  his  career  as  a 
pioneer  in  the  new  field  of  cardiovascular  physiology  which  had  just  been 
opened  up  by  ^lackensie,  Lewis  and  Einthoven.  In  his  many  publications 
since  that  time  are  revealed  his  constant  interest  in  the  application  of  new 
physiological  observations  to  the  interpretation  of  problems  of  clinical 
medicine.  At  the  bedside  his  attention  is  primarily  centered  upon  reveal- 
ing and  correcting  the  physiological  di.stiu'bances  of  the  disease  process. 
It  is,  therefore,  not  surprising  that  his  clinical  and  scientific  interest 
extended  from  the  realm  of  cardiovascular  diseases  to  the  new  field  of 
endocrinology  in  which  he  has  made  many  contributions. 

Throughout  his  career,  his  vmflagging  scientific  and  clinical  zeal  has  been 
a  stimulus  and  inspiration  to  a  generation  of  yovmg  clinicians  who  have  had 
the  pi-ivilege  of  serving  under  his  leadership.  His  wide  acquaintanceship 
with  important  personalities  in  medicine  and  the  basic  sciences  has  helped 
to  bring  them  and  the  influence  of  their  work  to  our  Hospital.  He  has 
served  to  enrich  the  medical  lives  of  all  of  us  who  have  worked  at  The 
Mount  Sinai  Hospital.  This  volume  is  a  small  expression  of  our  gratitude 
and  affection. 

George  Baehr 
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IX  THE  BEGINNING 
HOWARD  LILIENTHAL,  M.D. 

Dr.  Oppenheimer  has  become  a  great  physician  not  merely  because  of 
his  education  in  the  science  and  art  of  ]\Iedicine  but  because  of  his  logical 
methods  in  dealing  vnth.  the  cases  of  those  who  sought  his  ad^•ice  and 
because  of  his  sympathetic  approach  in  their  troubles. 

In  the  early  nineties  the  competitive  examinations  for  places  on  the 
House  Staff  of  The  ^Mount  Sinai  Hospital  in  New  York  attracted  many 
ambitious  young  men.  The  tests  were  in  three  separate  sittings;  a  written, 
a  practical  and  an  oral.  Every  one  who  applied  was  permitted  to  take  the 
examination  and,  according  to  his  rating,  he  might  be  granted  his  prefer- 
ence in  surgery  or  internal  medicine. , 

In  those  days  of  nearly  forty  years  ago  a  large  number  of  recently  gradu- 
ated physicians,  as  well  as  many  who  had  not  yet  completed  the  course  in 
the  Medical  School,  were  anxious  to  secure  House  Staff  positions.  There 
were  from  thirty  to  fifty  or  more  applicants  each  year.  Following  two 
3^ears  of  service  the  Hospital  Lssued  a  diploma  which  was  greatly  valued 
as  an  evidence  of  proficiency.  There  were  one  year  terms  also,  leading  to 
certification  though  not  to  the  diploma. 

The  committee  on  examination  was  composed  of  Attending  Physicians 
with  an  occasional  Adjunct  or  Associate. 

It  must  have  been  about  1901  when  I  was  one  of  the  examinees  and, 
proud  of  the  job,  I  composed  a  list  of  questions  and  selected  problems  for 
the  surgical  part  of  the  program. 

My  .subject  for  the  practical  examination  was  a  boy,  nine  years  old, 
about  to  be  discharged  after  his  surgical  convalescence.  There  had  been 
an  amputation  through  the  right  hip-joint  followed  by  primary  union. 
There  was  also  a  linear  scar  through  the  right  rectus  abdominis  muscle. 
His  general  condition  was  excellent;  no  nodes  or  other  masses  were  pal- 
pable anywhere. 

"Doctor  Doe,"  I  addressed  the  candidate,  "What  do  you  think  was  the 
reason  for  amputation  in  this  case?"  My  second  query  was  concerned 
with  the  right  abdominal  scar. 

Privilege  was  given  for  physical  examination  and  many  of  the  men  took 
full  advantage  of  this.  Only  the  one  taking  the  test  was  permitted  to  be 
in  the  room  with  the  examiner  and  the  request  was  made  that  there  be  no 
discussion  on  the  surgical  aspects  of  the  case  with  those  who  were  awaiting 
their  turn. 

A  majority  o^  the  applicants  believed  that  the  amputation  had  been 
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done  because  of  trauma  of  the  femur,  probably  sustained  in  a  street  ac- 
cident. Nearly  all  thought  that  the  abdominal  scar  had  no  connection 
with  the  amputation  and  that  reference  to  it  may  have  been  in  the  nature 
of  a  catch-question.  Some  suggested  that  it  might  have  been  the  mark  of 
an  independent  operation,  perhaps  an  appendectomy.  Interrogating 
the  patient  was  forbidden  and  he  seemed  to  be  amused  by  the  apparent 
discomfiture  of  the  doctors. 

Then  entered  a  tall  dignified  young  man  whose  appearance  was  thor- 
oughly professional;  he  might  have  been  a  member  of  the  Attending  Staff. 
From  the  list  I  learned  that  he  was  Bernard  Sutro  Oppenheimer,  from  the 
graduating  cla.ss  of  the  College  of  Physicians  and  Surgeons.  AMien  he  had 
observed,  palpated  and  auscultated  our  problem  he  announced  that,  in 
his  opinion,  the  amputation  had  been  performed  by  exarticulating  the 
right  hip  and  that  the  reason  for  the  procedure  was,  probably,  not  because 
of  infection  or  trauma  but  that  it  might  have  been  done  in  order  to  remove 
a  new-growth  of  the  bone  which  could  not  have  been  otherwise  extirpated. 
He  explained  the  linear  abdominal  cicatrix  a.s  the  result  of  an  incision  to 
permit  examination  of  the  pelvis  from  within  and  also,  perhaps,  as  an 
approach  for  digital  compression  of  the  common  iliac  artery  to  control 
hemorrhage  during  the  amputation. 

This  was,  in  truth,  the  correct  analysis  of  the  case. 

Two  other  contestants,  both  of  them  convincing  and  impressive  in 
manner  and  appearance,  arrived  at  the  same  conclusion  by  almost  identical 
reasoning. 

Not  one  of  the  three  leading  competitors  felt  inclined  to  choo.se  a  position 
in  surgery.  One  of  them  insisted  that  all  he  desired  was  a  year  in  the 
Hospital  so  that  he  might  learn  first-hand  how  such  an  institution  should 
be  organized  and  managed.  He  was  awarded  this  privilege.  His  name 
is  Sigismund  S.  Goldwater  and  we  all  know  how  wise  he  was  in  his  selection. 

The  third  one  to  arrive  at  the  correct  solution  was  Alfred  Fabian  Hess, 
later  a  world-renowned  pediatrician  who  made  great  contributions  to  the 
physiological  chemistry  of  food  materials.  We  shall  always  mourn  his 
untimely  passing. 

Dr.  Oppenheimer,  now  one  of  our  consulting  staff,  is  an  eminent  cardi- 
ologist. He  is  well  and  working.  Long  may  he  be  with,  us  to  blaze 
the  way. 


BE  AN  OPTIMIST 


B.  SACHS,  M.D. 

[New  York] 

I  am  happy  to  be  asked  to  contribute  to  the  vokime  in  honor  of  Doctor 
Oppenheimer,  whose  scientific  work  in  the  domain  of  cardiac  disease  de- 
serves the  recognition  and  praise  it  has  received  here  and  abroad.  I  know 
that  I  can  add  little  to  the  treatment  of  heart  disease;  it  may  even  be  pre- 
sumptuous on  my  part  to  say  anything,  but  I  have  one  message  which  I 
must  transmit  to  the  cardiologist  and  above  all  to  the  general  practitioner 
(may  I  say  the  "family  physician"?).  I  am  especially  prompted  to  .say  all 
this  because  I  know  how  gladly  Doctor  Oppenheimer  would  subscribe  to 
my  .sentiments,  having  seen  him  at  work  in  the  wards  and  in  private 
practice. 

As  a  neuro-psychiatrist  who  has  been  active  over  half  a  century  I  have 
emerged  as  an  optimist.  Many  a  time  I  have  been  tempted  to  write  an 
article  on  "Things  are  not  as  bad  as  they  seem".  Do  not  tell  the  patient 
all  you  know  or  all  you  think  you  know.  Above  all,  do  not  be  o\'erawed  by 
your  rapidly  accumulating  knowledge  of  curves  and  electi'ocardiograms — 
a  knowledge  so  much  greater  than  your  predecessors  of  a  few  decades  ago 
could  boa.st.  What  I  ask  is,  does  the  present-day  sufferei'  from  heart  dis- 
ease live  longer  than  a  similar  sufferer  of  the  late  nineties?  Some  may, 
many  do  not.  The  patient  appreciates  the  doctor's  vast  learning  and  his 
thoroughly  modern  methods  as  I  do  too;  but  very  often,  nine  times  out  of 
ten,  the  patient  while  duly  impressed  has  lost  confidence  in  himself,  has 
been  made  an  introvei't  and  has  been  filled  with  fear  and  despair,  just 
waiting  for  the  end  to  come. 

Often  enough  I  have  been  reminded  of  my  old  master,  Kussmaul,  who 
watched  a  candidate  for  a  degree  examining  a  man  ill  with  typhoid  fever 
and  subjecting  him  to  every  possible  test;  "H.,  you  may  think  you  know 
all  about  this  man,  but  you  have  never  for  one  moment  thought  of  the 
discomfort  and  misery  your  examination  has  caused.  If  I  see  you  doing 
that  again,  I  will  let  you  flunk."  (H.  heeded  the  warningand  a  few  years 
later  was  appointed  one  of  Kussmaul's  assistants.) 

The  moral  of  all  this  is  treat  the  patient  not  the  disea.se.  In  modern 
phrase,  take  into  account  the  total  personality,  and  whether  it  be  modern 
or  ancient,  use  common  sense.  Be  humane,  be  cheerful  and  hopeful.  I 
am  led  to  say  this  becau.'^e  of  two  groups  of  patients  who  have  been  helped 
by  my  conservative  methods,  my  sympathy  for  the  patient  and  my  desire 
to  make  life  seem  worth  living  for  the  individual. 

Without  giving  detailed  histories,  the  first  group  includes  those  with 
coronary  disorder  of  the  senile  or  pre-senile  period  and  the  second  group 
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includes  boys  and  girls  of  school  age  who  have  cardiac  sjinptoms  and 
findings  due  to  a  preceding  endocarditis  of  rheumatoid  or  of  some  in- 
fectious origin.  Illustrative  of  group  one  is  a  man  F.  aged  sixty-seven, 
weighing  about  212  pounds,  leading  an  inactive  life  in  a  small  community, 
worrying  about  his  inability  to  earn  a  decent  living  as  a  merchant  and  the 
fact  that  he  cannot  get  about  without  having  someone  at  his  side  every 
minute  of  the  day  "lest  something  would  happen  to  me."  He  was  told  he 
was  in  a  precarious  condition  and  his  wife  felt  something  was  bound  to 
happen  to  him.  He  described  typical  angenoid  symptoms  for  which  he 
was  given  all  sorts  of  remedies  including  every  possible  heart  stimulant 
and  regulative  drug,  also  codeine  and  other  drugs  in  full  mea.sure.  Al- 
coholic stimulants  were  prescribed  regularly  and  I  am  bound  to  admit  were 
the  least  harmful  of  the  innumerable  prescriptions.  Life  insurance  exam- 
inations in  which  every  possible  test  had  been  made  intensified  the  con- 
viction that  he  was  doomed.  I  was  able  to  verify  the  organic  findings,  had 
no  reason  to  doubt  the  existence  of  a  serious  cardiac  disorder,  but  in  spite 
of  it  all,  the  heart  did  its  work  much  better  than  one  would  have  expected 
of  it,  the  pulse  was  regular,  there  was  no  cardiac  asthma  and  his  systolic 
blood  pressure  was  rarely  above  130 — dia.stolic  70.  Xo  doubt  he  would 
have  fitted  into  the  category  of  neuro-vascular  asthenia  or  any  other  name 
that  you  choose  to  give  to  an  organic  disorder  with  the  addition  of  marked 
functional  symptoms. 

I  have  long  since  stopped  predicting  death  as  inevitable  in  the  presence 
of  heart  disease,  as  I  also  refuse  to  be  alanned  by  high  blood  pressure  so 
long  as  the  renal  function  Ls  nearly  normal.  And  above  all,  I  refuse  to 
alarm  the  patient  and  have  him  or  her  know  whether  the  pressure  is  five 
or  ten  points  higher  or  lower.  The  doctor  should  know;  the  patient  need 
not  know.  The  doctor  might  even  stop  talking  about  blood  pressure  at 
dinner  or  other  social  gatherings. 

In  the  case  of  the  patient  referred  to,  I  cut  off  all  medication,  diminished 
and  gradually  eliminated  all  sedatives,  encouraged  him  to  live  on  a  mod- 
erate diet,  to  reduce  weight,  to  walk  up  or  down  stairs  quietly,  to  take 
moderate  exercise,  reassuring  him  about  his  heart.  ("If  your  heart  acted 
any  better,  I  would  send  you  to  a  specialist.")  The  result  of  all  this 
method  of  treatment  was  most  satisfactory.  Considered  a  hopeless  cripple 
six  years  ago,  he  has  been  coming  of  late  to  my  office,  unattended,  at 
monthly  or  bi-monthly  intervals.  He  is  now  a  cheerful  individual,  more 
than  willing  to  live  on  some  time  longer,  thinks  life  is  worth  livmg  and  is 
convinced  that  he  has  made  a  real  recovery. 

;My  own  satisfaction  over  the  patient's  progress  has  been  increased  by  a 
letter  from  a  distinguished  life  insurance  director  (to  whom  I  had  ex- 
pressed my  views)  that  he  was  in  entire  agreement  with  me  and  that  the 
American  Heart  Association,  through  a  special  committee  is  investigating 
coronary  disease,  that  they  have  addressed  a  questionnaire  to  300  leading 
specialists  in  the  United  States  and  Canada  and  that  the  "findings  of  the 
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survey  stress  a  most  optimistic  view  toward  coronary  artery  disease." 
Spread  the  good  news  and  let  it  also  include  the  patients  with  coronary 
disease  due  to  an  old-time  luetic  infection.  I  have  in  mind  another  pa- 
tient, now  aged  65,  who  more  than  fifteen  years  ago  was  frightened  out  of 
his  wits  because  of  luetic  coronary  disease.  Treated  similarly  to  the  other 
patient,  and  with  due  regard  to  the  luetic  factor,  he  has  enjoyed  fine  health 
these  fifteen  j'ears  or  more,  and  this  man  too  thinks  life  is  worth  living,  and 
is  ready  for  another  decade  if  the  Lord  is  willing. 

The  second  group  I  have  in  mind  comprises  children  of  the  pre-adolescent 
period.  This  includes  boys  and  chieflj'  girls  between  the  ages  of  ten  and 
seventeen,  who  present  marked  endo-  and  myocardial  symptoms  and  who 
(very  properly)  are  watched  very  closely  as  to  physical  exercise  and  whose 
parents  are  intensely  alarmed  with  forebodings  as  to  what  the  future  might 
bring — at  best  a  hot  house  plant,  nervous  and  disgusted  that  he  could  not 
do  what  other  children  were  allowed  to  do;  no  swimming,  no  dancing,  no 
camp  life — just  being  bored  while  other  children  were  having  lots  of  fun. 
In  these  cases,  too,  conservatism  mixed  with  a  hopeful  outlook  will  hel]) 
both  doctor  and  patient. 

Typical  of  this  group  is  a  fine  young  girl  who  came  under  my  care  as  a 
child  of  ten,  with  marked  tachycardia  (pulse  over  120),  pronounced  mitral 
murmur,  inclined  to  obesity  (about  106  pounds),  no  heart  enlargement, 
distinctly  anemic,  no  dyspnea  except  occasionally  after  climbing  three 
flights  of  stairs  at  a  private  school.  Walking  up  those  stairs  was  forbidden, 
but  otherwise  regular  walking  exercises  were  encouraged.  Medication  was 
directed  soleh'  to  control  the  anemia,  to  keep  down  obesity  through  control 
of  diet  and,  for  a  very  short  period  only,  moderate  glandular  treatment. 
Child  and  parents  were  assured  that  the  heart  condition  would  improve  as 
she  grew  older  and  that  she  would  be  able  to  hold  her  own  with  three  older 
sisters.  That  child  is  now  a  fine  young  girl  of  16  who  has  retained  her 
cardiac  murmurs,  has  a  pulse  rate  varying  from  75  to  80,  has  done  well  at 
school;  during  the  past  summer  worked  in  a  dentist's  office;  and  has  man- 
aged to  reduce  her  weight  from  190  to  153.  Her  natural  desire  for  a  stream- 
lined figure  has  been  a  tremendous  stimulus  and  has  led  her  to  adhere  to  a 
sensible  diet.  The  medical  care  is  a  very  long  story  in  this  case,  but  in  the 
end  the  principles  adopted  were  a  minimum  of  medication,  no  more  inter- 
ference with  ordinary  daily  tasks  than  prudence  called  for  and  continuous 
encouragement  to  child  and  parents  that  .she  would  not  be  an  invalid  during 
the  rest  of  her  life. 

May  I  claim  in  this  instance  as  with  a  number  of  similar  patients,  con- 
servative methods,  a  minimum  of  medication,  linked  with  some  sober 
medical  judgment  have  justified  the  optimism  of  many  years.  It  may 
require  courage  at  times  and  some  self  restraint;  but  be  an  optimist.  The 
patient  will  be  the  beneficiary;  and  the  physician  will  be  gratified  to  know 
that  he  has  helped  to  make  life  more  bearable  for  many  a  sufferer,  old  and 
young. 


DR.  B.  S.  OPPENHEIMER'S  CONTRIBUTIONS  TO  POST- 
GRADUATE MEDICAL  EDUCATION 


JOSEPH  TURNER,  M.D. 
[Director,  The  Mount  Sinai  Hospital,  New  York  City] 

Dr.  Oppenheimer's  long  connection  with  The  Mount  Sinai  Hospital 
and  his  valuable  services  to  its  patients  have  gained  for  him  many  a  well- 
deserved  honor.  The  Hospital's  official  files  present  ample  evidence  of  it; 
in  them  one  finds  ample  praise  for  his  services  as  a  clinician  on  the  wards, 
as  an  investigator  in  the  laboratories,  as  the  pioneer  in  developing  Electro- 
cardiography in  our  Hospital,  and  as  a  leader  in  the  examination  and  selec- 
tion of  the  house  staff.  There  were  other  activities  in  which  he  took  the 
initiative,  but  in  no  endeavor  have  his  efforts  been  of-  greater  value  and 
permanence  or  of  more  far-reaching  effects  beyond  the  Hospital's  walls 
than  in  the  field  of  post-graduate  teaching. 

While  medical  instruction  in  the  Hospital  goes  back  many  years,  it 
received  its  greatest  impetus  in  1923,  when,  aided  by  a  substantial  initial 
endowment  from  the  late  Joseph  F.  Cullman,  post-graduate  teaching  was 
formally  organized  in  affiliation  with  the  College  of  Physicians  and  Surgeons 
of  Columbia  Univei'sity.  Dr.  Libman,  then  Chairman  of  the  Committee 
on  Medical  Instruction,  supervised  the  arrangements.  Dr.  Oppenheimer 
was  one  of  the  first  instructors,  continuing  to  give  courses  up  to  the  time 
of  his  retirement  from  active  duty  with  the  staff. 

In  1925,  he  was  appointed  a  member  of  the  ^Medical  Board's  Committee 
on  Medical  Instruction.  He  served  in  this  capacity  until  1928,  when  he 
was  appointed  Chairman,  which  post  he  held  until  his  resignation  as  Phy- 
•sician  to  the  Hospital  in  1939.  However,  the  President  of  the  Hospital, 
unwilling  to  relinqui-sh  Dr.  Oppenheimer's  service  to  this  Committee,  asked 
him  to  continue  as  a  consultant  member. 

To  attempt  to  describe  Dr.  Oppenheimer's  influence  upon  the  progress 
of  the  post-graduate  medical  instruction  in  the  Hospital  would  be  to  write 
a  long  and  detailed  history  of  the  past  decade  and  a  half.  While  space  is 
not  available  for  this,  it  is,  however,  desirable  to  draw  attention  to  a  few- 
outstanding  events  during  those  years. 

Highly  significant  was  Dr.  Oppenheimer's  success,  with  the  help  of 
Dr.  Michael  Heidelberger,  in  persuading  Professor  Richard  Willstatter,  of 
Munich,  to  come  to  the  United  States  in  1927,  to  give  the  first  of 
the  William  Henry  Welch  Lectures  in  the  Blumenthal  Auditorium.  The 
names  of  the  distinguished  visitors  who  have  given  the  Janeway  and  the 
Welch  Lectures  in  these  two  decades  would  fill  several  pages  in  a  "WTio's- 
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Who"  of  contemporary  medicine.  Most  of  them  are  Dr.  Oppenheimer's 
friends  who  came  to  us  at  his  invitation. 

He  urged  the  dcsirabiUty  of  pubH-shing,  as  a  Mount  Sinai  venture,  many 
of  the  special  lectures  given  at  the  Hospital,  notably  those  identified  with 
the  Janeway  and  the  Welch  Lectureships.  This  was  realized  when  the 
JorRNAL  OF  THE  MouxT  SixAi  HOSPITAL  Came  into  existence. 

Dr.  Oppenheimer  inaugiu'ated  the  practice,  in  1928,  of  giving  so-called 
"extracurricular"  courses.  These  were  organized  apart  from  the  regularlj^ 
scheduled  courses  listed  in  the  formal  annual  catalogue.  These  "extra- 
curricular" coiu'ses  were  arranged  to  meet  the  special  needs  of  certain 
groups  of  graduate  students  which  could  not  be  met  in  the  formal  program. 

It  is  Dr.  Oppenheimer  who  conceived  and  carried  into  practice  the  pro- 
gram of  intensive  courses  in  certain  specialties.  Notable  among  these 
w-ere  the  four-week  courses  in  Cardiovascular  Diseases  and  similar  courses 
in  Gastro-Enterology. 

It  is  difficult  to  find  a  yardstick  with  which  to  measure  the  value  to  the 
profession  and  to  medical  pi-actice  of  the  po.st-graduate  program  as  it  has 
developed  under  Dr.  Oppenheimer's  aegis.  Perhaps  one  method,  though 
somewhat  crude,  would  be  to  employ  the  simple  statistical  summaries 
which  appear  in  the  Hospital's  annual  records.  In  1927,  just  before 
Dr.  Oppenheimer  assumed  the  chairmanship  of  the  Committee,  the  gradu- 
ate students  registered  in  the  courses  given  at  the  Hospital  numbered  125. 
During  the  .subsequent  eleven  years,  there  was  a  striking  increase  in  the 
number  of  registrants,  which  reached  a  total  of  313  in  1929,  Dr.  Oppen- 
heimer's last  year  as  Chairman  of  the  Committee. 

Here,  as  well  as  in  other  endeavors,  Dr.  B.  S.  Oppenheimer  displayed  an 
excellent  example  of  what  unselfish  devotion  to  a  task  may  accompli-sh. 


RESTING  BLOOD  FLOW  AND  PERIPHERAL  VASCULAR 
RESPONSES  IN  DIFFERENT  PORTIONS  OF 
THE  EXTREMITIES 


DAVID  I.  ABRAMSOX,  M.D. 

[The  Mmj  Institute  for  Medical  Research,  The  Jewish  Hospital,  Cincinnati,  Ohio] 

INTRODUCTION 

Recent  modifications  of  the  venous  occlusion  plethysmographic  method 
(1  to  4)  have  afforded  a  relatively  simple  approach  to  the  stud}'  of  peripheral 
blood  flow  in  man.  Since  this  pi-ocedure  permits  the  study  of  isolated 
portions  of  an  extremity,  it  has  been  possible  to  obtain  evidence  which 
indicates  that  the  nervous  control  and  the  responses  of  the  blood  vessels 
are  different  in  the  distal  as  compared  with  the  proximal  parts  of  the  limb. 
The  purpose  of  this  paper  is  to  present  some  of  the  pertinent  observations 
upon  which  this  view  is  based  and  to  discuss  their  significance. 

TECHNIQUE 

The  principle  underlying  the  venous  occlusion  plethj'smographic  method 
was  first  utihzed  bj-  Brodie  and  Russell  (5)  in  determining  blood  flow 
through  an  organ,  and  was  then  modified  by  Hewlett  and  van  Zwaluwen- 
burg  (6)  for  similar  measurements  in  an  extremity.  It  is  based  on  the 
premise  that  if  venous  outflow  from  a  limb  is  suddenly  stopped,  the  initial 
rate  of  increase  in  limb  volume  Avill  represent  the  rate  of  arterial  inflow. 
The  method,  in  brief,  consists  of  placing  a  portion  of  an  extremity  into  a 
metal  container  (fig.  1),  the  opening  or  openings  of  which  are  then  made 
water-tight  by  means  of  rubber  diaphragms  attached  to  cuffs.  The  latter 
are  cemented  to  the  skin  and  the  plethysmograph  is  filled  A\'ith  water  main- 
tained at  a  constant  temperature.  A  collecting  pressure  (60  to  70  mm. 
Hg.)  is  suddenh^  applied  to  the  extremity  proximal  to  its  insertion  into  the 
machine  (fig.  1  B-1),  and  the  resultant  rate  of  swelhng  of  the  limb  is  recorded 
on  a  fast  moving  drum.  Under  these  conditions,  venous  outflow  is  tem- 
porarily arrested,  while  at  the  same  time  the  efTect  on  arterial  inflow  is 
negligible.  In  order  for  the  rate  of  swelling  of  the  extremity  to  be  a  sig- 
nificant function  of  true  arterial  blood  flow,  it  is  necessary  for  the  veins 
to  be  in  a  partial  state  of  collapse  so  that  they  \nll  offer  a  minimum  of 
resistance  to  filling  during  the  initial  period  following  venous  occlusion. 
The  calculated  readings  are  expressed  as  cubic  centimeters  of  blood  flow 
per  minute  per  100  cc.  of  limb  volume,  at  a  specified  room  and  bath  tem- 
perature. 
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PHYSIOLOGICAL  CONSIDERATIONS 

A.  Resting  blood  flow.  A  marked  difference  in  the  rate  of  resting  blood 
flow  in  various  portions  of  the  extremities  was  an  early  observation  of 
workers  in  this  field.  For  instance,  at  a  room  temperature  of  25°C.  and 
bath  temperature  of  32°C.,  the  approximate  rate  of  flow  to  the  finger  is  40 
cc.  per  minute  per  100  cc.  limb  volume;  to  the  hand,  9.5  cc.;  to  the  forearm, 
1.8  CO.;  to  the  calf,  1.4  cc;  and  to  the  foot,  2.1  cc.  Obviously,  the  great 
variation  in  these  figures  cannot  satisfactorily  be  attributed  to  differences 
in  the  rate  of  metabolism  of  the  respective  tissues.  The  fact  that  there  are 
many  arterio-venous  shunts  in  the  finger-tips  and  toes  and  none  in  the 
skin  of  the  forearm  and  leg  (7)  is  probably  of  importance  in  this  respect, 
since  evidence  has  recentlj^  been  obtained  which  Unks  these  specialized 


Fig.  1.  A.  Pletliy.siuof5raph  used  to  study  blood  flow  in  the  hand.    (1)  Leaf  o 
iris  diaphragm;  (2)  one  end  of  apparatus  closed  off;  (3)  blood  pressure  cuff  at  wrist 
for  producing  a  venous  occlusion  pressure;  (4)  thumb  screw  for  maintaining  iris 
diaphragm  in  position. 

B.  Same  plethysmograph  used  to  study  blood  flow  in  the  forearm.  (1)  Blood 
pressure  cuff  for  producing  a  venous  occlusion  pressure;  (2)  blood  pressure  cuff  at 
wrist  for  maintaining  a  pressure  of  300  mm.  Hg.  during  observations  in  order  to  pre- 
vent arterial  blood  flow  into  and  venous  return  from  the  hand;  (3)  support  for  hand; 
(4)  portion  of  rubber  diaphragm  beyond  ring. 

C.  Same  plethysmograph  used  to  study  blood  flow  in  the  leg.  (1)  Blood  pressure 
cuff  for  producing  a  venous  occlusion  pressure;  (2)  calibrating  burette;  (3)  wide  glass 
tube;  (4)  thermometer;  (5)  blood  pressure  cuff  for  maintaining  a  pressure  of  300  mm. 
Hg.  during  observations,  in  order  to  prevent  arterial  blood  flow  into  and  venous 
return  from  the  foot.  (Reproduced  from  Ferris,  E.  B.,  Jr.  and  Abramson,  D.  I., 
"Description  of  a  New  Plethysmograph."    Am.  Heart  J.,  19:  233,  1940.) 

blood  vessels  with  the  proces.ses  of  temperature  regulation  (8,  9).  The 
high  resting  blood  flow  in  the  hand  under  ordinary  environmental  condi- 
tions may,  therefore,  in  great  part  be  due  to  the  need  for  body  heat  dissipa- 
tion, while  the  much  lower  rate  of  flow  in  the  forearm  and  leg  probably  is  a 
function  solely  of  the  local  metabolism  of  the  tissues. 

Marked  alterations  in  the  basal  flow  in  any  one  vascular  bed  can  be 
brought  about  by  changes  in  the  local  bath  temperature.  For  example, 
in  the  hand,  which  responds  most  markedly  to  this  type  of  stimulus,  the 
average  blood  flow  at  a  bath  temperature  of  10°  to  14°C.  is  2.5  cc.  per 
minute  per  100  cc.  of  limb  volume;  at  32°,  9.5  cc;  and  at  45°,  22.5  cc 
Comparable  changes  occur  in  the  other  portions  of  the  extremities. 

When  the  local  bath  temperature  is  kept  constant  and  the  room  tcm- 
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perature  altered,  changes  in  blood  flow  will  occur  in  the  hand,  while  the 
response  in  the  forearm  and  leg  are  not  pronounced.  For  instance,  an 
increase  in  room  temperature  from  25°C.  to  32°C'.  will  in  some  instances 
practicalh-  double  the  blood  flow  in  the  hand,  leaving  that  in  the  forearm 
and  leg  only  shghtly  altered.  The  mechanism  responsible  for  the  aug- 
mented circulation  is  similar  in  some  respects  to  the  reflex  vasodilatation 
elicited  by  the  application  of  heat  to  distant  portions  of  the  body  (10), 
since  in  both  states  there  is  need  for  greater  heat  dissipation. 

In  the  case  of  reflex  vasodilatation,  moderate  warming  produces  an 
augmented  blood  flow  in  the  hand  and  foot  but  not  in  the  forearm  and  leg. 
Onlj'  if  the  heat  is  of  sufficient  intensity  to  elicit  generalized  sweating  does 
vasodilatation  take  place  in  the  latter  two  regions  (9).  Sympathectomy 


Fig.  2.  Spontaneous  volume  changes  at  a  bath  temperature  of  32°C.  and  room 
temperature  of  25°C.  Upper  curve  shows  spontaneous  variations  in  hand  volume; 
middle  and  lower  curves  represent  constant  limb  volume  in  the  forearm  and  leg 
respectively.  Time  in  seconds.  C'alibrations  in  0.25  cc.  (  Reproduced  from  Abram- 
son,  D.  I.  and  Katzenstein,  K.  H.,  "Spontaneous  Volume  Changes  in  the  E.xtremi- 
ties."    Am.  Heart  J.,  21:  191,  1941.) 

and  peripheral  nerve  block  will  abolish  the  reflex  va.sodilatation  in  both  the 
distal  and  proximal  portions  of  the  extremities  (1,  9,  11,  12).  However, 
the  response  in  the  ca.se  of  the  forearm  and  leg  is  probably  mediated 
through  vasodilator  nerves  to  the  skin  (9),  while  that  in  the  hand  and  foot 
is  elicited  by  removal  of  normal  vasoconstrictor  tonus  (1,  11,  12).  In  this 
respect  it  is  of  interest  to  note  that  imder  ordinary  environmental  condi- 
tions, blocking  of  cutaneous  nerves  readily  produces  a  distinct  flushing 
and  warming  of  the  skin  of  the  hand  and  foot,  while  in  the  forearm  and 
leg  no  definite  signs  of  an  augmented  circulation  are  apparent  (9). 

From  the  above  evidence,  it  can  be  inferred  that  a  real  difference  exists 
in  the  nervous  control  of  the  cutaneous  blood  ve.s.sels  in  the  proximal  as 
compared  with  the  distal  portions  of  the  e.xtremities;  the  skin  ves.sels  in 
the  hand  and  foot  being  under  marked  vasomotor  control,  while  those  in 
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the  foioarm  and  log  aio  little  if  at  all  affected  by  nervous  vasoconstrictor 
tonus. 

B.  Variations  in  vascular  responses.  In  addition  to  differences  in  the 
rate  of  resting  blood  flow,  there  are  also  differences  in  the  vascular  responses 
in  the  various  portions  of  the  extremities.  For  example,  apparently  spon- 
taneous changes  in  volume  are  fre(iuently  present  in  the  hand,  but  these 
are  negligible  or  entirely  absent  in  the  foreaim  and  leg  (fig.  2).  This 
phenomenon  most  likely  is  attributable  to  variations  in  the  tonus  of  vessels, 
particularly  those  of  the  venous  bed'  (13).  Further,  a  noxious  stimulus 
(a  pinch)  or  a  mental  ta.sk  (a  problem  in  arithmetic)  will  produce  a  transient 
but  marked  decrea.se  in  limb  volume  in  the  hand  and  forearm  (fig.  3A). 


A  b 


1  y 

2 

Vie.  .3.  A.  Effect  of  a  pinch  on  volume  of  hand  (upper  graph)  and  forearm  (lower 
graph).  Hand,  decrease  of  17.3  cc.  per  liter  of  limb  volume.  Forearm,  initial  rise 
of  0.8  cc.  per  liter,  followed  by  a  decrease  of  3.4  cc. 

B.  Blood  flow  changes  resulting  from  mental  arithmetic.  Upper  graph^ — hand. 
Lower  graph — forearm.  (1)  Control  blood  flow.  Hand,  12.0  cc.  per  minute  per 
100  cc.  limb  vol.  Forearm,  1.4  cc.  (2)  Blood  flow  records  obtained  during  the 
period  in  which  |)roblem  was  being  solved.  Blood  flow  in  hand,  5.4  cc.  Blood  flow 
in  forearm,  2.7  cc.  Time  in  seconds.  Calibrations  in  0.25  cc.  (Reproduced  from 
.\branison,  D.  I.  and  Ferris,  E.  B.,  Jr.  "Responses  of  Blood  X'essels  in  the  Resting 
Hand  and  Forearm  to  Various  Stimuli."    .\m.  Heart  J.,  19  :  541,  1940.) 

However,  the  available  evidence  indicates  that  the  volume  change  in  the 
hand  is  the  result  of  vasocon.striction  of  both  the  arteriolar  and  venous 
beds,  while  in  the  forearm,  generally  onh-  the  A-enous  component  is  in- 
volved, the  calibre  of  the  arterioles  remaining  unchanged  (14).  Should 
the  solution  of  the  mental  task  be  associated  with  a  significant  augmenta- 
tion in  systemic  blood  ]jressure  and  pulse  rate,  then  a  concomitant  increase 
in  blood  flow  will  take  place  in  the  foiearm  as  the  result  of  a  passive  arte- 
riolar dilatation  (fig.  3B).  The  hand,  however,  will  still  manifest  a 
decreased  inflow,  due  to  arteriolar  constriction  (fig.  3B),  and  a  tran.sient 
increased  outflow,  due  to  venous  constriction. 

'  The  venous  bed  includes  capillaries,  venules  and  veins. 
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Other  evidence,  supporting  the  view  that  the  responses  of  the  blood 
vessels  in  the  extremities  vary  in  the  different  vascular  beds,  is  the  observa- 
tion that  smoking  causes  a  significant  decrease  in  blood  flow  to  the  hand 
but  not  in  the  forearm  (15);  and  that  epinephrine  (8,  16),  and  voluntary 
hyperventilation  (14)  also  diminish  blood  flow  to  the  hand,  but  at  the  same 
time  produce  a  significant  augmentation  in  flow  to  the  forearm.  With 
the  latter  two  procedures,  an  increase  in  blood  pressure  and  pulse  rate 
usuall}'  accompanies  the  local  response  in  the  forearm.  In  these  Instances, 
as  with  a  mental  problem,  the  S3'stemic  changes  probably  indicate  that  the 
altered  forearm  blood  flow  is  due  to  a  passive  vasodilatation,  consequent 
to  an  increased  cardiac  output. 

It  would  .seem,  therefore,  that  the  arterioles  of  the  hand  respond  to  mo.st 
noxious  and  psj^chic  stimuli  by  constricting,  while  tho.se  in  the  forearm 
and  probably  in  the  leg  are  either  unaffected  or  even  dilate  under  similar 
conditions.  The  finding  that  with  a  stimulus,  such  as  a  pinch,  a  decrease 
in  limb  volume  occurs  in  the  forearm  without  any  change  in  arterial  inflow, 
indicates  that  vasoconstriction  of  the  venous  bed  alone  may  take  place, 
independently  of  any  other  alteration  in  the  vascular  tree.  In  view  of  this, 
it  is  obvious  that  volume  changes  in  a  limb  do  not  necessarily  indicate 
alterations  in  arterial  blood  flow. 

C.  Response  to  local  anoxia.  As  has  already  been  suggested,  the  resting 
circulation  in  the  hand  is  much  greater  than  that  anticipated  on  the  basis 
of  the  local  metabolism  of  the  tissues  alone.  Further  support  for  this 
view  has  been  obtained  by  studying  the  response  of  the  blood  vessels  to 
local  anoxia  produced  hy  arterial  occlu.sion  (17,  18).  In  this  type  of 
experiment  the  assumption  is  made  that  during  the  time  that  blood  is 
prevented  from  entering  the  extremity,  the  ti-ssues  incur  a  blood  flow  debt 
which  is  repaid  in  the  subsequent  period  of  reactive  hyperemia.  The 
magnitude  of  this  repajTnent  is,  therefore,  an  indication  of  the  relative 
metabolism  of  the  tis.sues.  In  the  case  of  the  hand,  the  actual  repaj'ment 
is  much  less  than  the  calculated  blood  flow  debt,  while  for  the  forearm  and 
leg  both  figures  are  appro.ximateh'  the  same.  Since  the  calculated  blood 
flow  debt  is  determined  on  the  basis  of  the  resting  blood  flow  (being  the 
product  of  the  latter  and  the  period  of  arterial  occlusion)  it  follows  that 
the  resting  blood  flow  in  the  hand  is  far  greater  than  that  actualh-  required 
by  the  tissues;  the  difference  representing  that  portion  of  the  circulation 
devoted  to  the  function  of  heat  dissipation. 

CONCLUSIONS 

Certain  conclusions  can  be  drawn  from  the  foregoing  observations.  First 
of  all,  since  the  hand  contains  arterio-venous  shunts  which  evidently  are 
under  the  marked  control  of  the  vasomotor  center,  the  vascular  responses 
in  this  region  cannot  be  considered  as  representative  of  peripheral  blood 
flow  generallJ^    Further,  Tn  contrast  to  the  vascular  responses  in  the  hand, 
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the  blood  flow  to  the  normally  innervated  forearm  and  leg  is  more  con- 
stant, not  being  diminished,  at  least,  by  most  noxious  stimuli.  The 
arterioles  in  both  types  of  vascular  beds  actively'  dilate  for  the  purpose  of 
heat  dissipation,  but  differ  in  that  those  of  the  hand  function  under  ordinary 
conditions,  while  those  of  the  forearm  and  leg  are  affected  only  when  the 
need  is  excessive.  The  vascular  beds  in  the  forearm  and  leg,  therefore,  are 
more  satisfactory  than  the  hand  for  studying  the  local  effect  of  sudden 
changes  in  the  systemic  circulation.  Finally,  they  are  probably  more 
truly  representative  of  peripheral  blood  flow  as  it  relates  to  the  metabolic 
needs  of  the  extremities. 
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Suddenly  appearing  shock  with  rapid  thready  pulse,  muffled  heart 
sounds,  marked  drop  in  blood  pressure,  and  pain  in  the  chest  or  upper  ab- 
domen, readily  suggests  the  diagnosis  of  coronary  artery  occlusion.  That 
the  protean  variations  of  this  clinical  S3'ndrome  may  simulate  a  variety 
of  subdiaphragmatic  conditions  such  as  acute  pancreatitis,  acute  cholecys- 
titis, or  perforated  gastric  or  duodenal  ulcer  Is  a  familiar  observ'ation. 
Physicians  generall}'  are  alert  to  the  possible  consequences  of  such  a  serious 
diagnostic  error.  With  the  more  widespread  application  of  the  electro- 
cardiograph, difficulty  and  confusion  in  diagnosis  arc  encountered  much 
less  frequently. 

There  is,  however,  too  great  a  readiness  to  make  the  diagnosis  of  post- 
operative coronary  artery  thrombosis,  particularly  in  shock  states  appear- 
ing suddenly.  Herrick  (1)  in  a  timely  paper  entitled  "On  Mistaking  Other 
Diseases  for  Acute  Coronary  Thrombosis"  lists  many  conditions  frequently 
wrongly  diagno.sed  as  coronary  artery  occlusion.  Bean  (2)  likewise  com- 
ments on  "the  frequency  with  which  this  diagnosis  is  now  uncritically 
made  when,  in  fact,  some  other  disea.se  is  responsible  for  the  symptoms." 
It  is  the  purpose  of  this  paper  to  report  two  cases  in  which  a  rapidly  spread- 
ing postoperati^■e  peritonitis  produced  the  clinical  picture  of  sudden  shock 
which  was  erroneously  attributed  to  occlusion  of  a  coronary  artery  and  to 
discuss  the  diagnostic  difficulties  presented  by  such  cases. 

CASE  REPORTS 

Casel.  History  (Adm.  371271).  L.  P.,  a  woman  aged  69,  was  admitted  to  the 
hospital  for  operative  resection  of  a  neoplasm  of  the  splenic  flexure.  In  the  j'ear 
previous  to  the  onset  of  symptoms  she  had  had  a  period  of  hospitaUzation  in  another 
institution.  During  that  staj-,  an  empyema  of  the  gall  bladder  had  been  drained 
with  subsequent  complete  recovery.  An  electrocardiogram  at  that  time  showed 
evidence  of  myocardial  involvement  presumably  due  to  coronary  artery  sclerosis. 
Dyspnea  upon  exertion  was  the  only  symptom  possibly  referable  to  the  heart,  but 
this  was  attributed  to  emphysema  and  obesity  rather  than  to  myocardial 
insufficiency. 

Examination.  The  patient  was  an  obese,  elderly  woman  with  a  moderate  second- 
ary anemia.  The  lungs  were  emphysematous.  The  heart  was  not  enlarged  and  the 
cardiac  sounds  were  of  good  quality.  The  blood  pressure  was  160  systolic  and  85 
diastolic.  There  was  a  large  nodular  mass  in  the  left  upper  quadrant  of  the  abdomen, 
which  by  previous  x-raj'  study  had  been  determined  to  be  a  neoplasm  of  the  splenic 
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flexure.  After  prelimiiiary  transfusions,  the  surgeon  performed  an  extemalization 
of  the  intestinal  loop  containing  the  carcinoma  and  the  operation  was  terminated. 

Course.  Although  additional  transfusions  were  successful  in  combating  the 
immediate  postoperative  shock,  the  patient's  course  during  the  ne.\t  four  days  was 
characterized  by  fever  of  102'  to  103 "F.,  rapid  pulse,  and  abdominal  pain.  The 
exposed  section  of  colon  ruptured  spontaneously  at  the  site  of  the  carcinoma  and 
intestinal  contents  drained  into  the  dressings.  On  the  fifth  day  after  operation,  the 
patient  suddenly  went  into  collapse.  The  heart  sounds  became  inaudible,  the 
pulse  was  hardly  perceptible  and  extremely  rapid.  The  breathing  was  rapid  and 
shallow,  a  cyanotic  pallor  and  profuse  perspiration  appeared,  and  the  blood  pressure 
dropped.  No  change  in  the  abdominal  signs  was  noted.  The  temperature  rose,  the 
patient  entered  a  deepening  stupor,  and  in  twelve  hours  she  died.  Death  was  con- 
sidered due  to  acute  coronarj"  artery  thrombosis.  Pulmonarj-  arterj"  embolus  was 
also  suggested  to  explain  the  sudden  shock  state.  As  has  been  pointed  out.  this 
may  give  rise  to  a  similar  clinical  picture  (3j. 

Relevant  Necropsy  Findings.  In  the  center  of  a  one-foot  length  of  exteriorized 
splenic  flexure  there  was  a  quarter-size  ojjening  at  the  site  of  the  carcinoma  through 
which  semi-fluid  fecal  material  escaped.  On  separating  the  intestinal  loop  from  the 
wound  edges,  a  wide  drainage  tract  was  found  to  extend  upwards  to  the  left  sub- 
phrenic space  where  several  hundred  cubic  centimeters  of  thin  brown  fluid  had 
accumulated.  This  same  thin  fecal  fluid  was  also  found  Ijnng  between  the  loops  of 
small  intestine.  The  entire  \-isceral  and  parietal  peritoneum  was  dull  and  covered 
with  a  fine  fibrinous  exudate.  The  lungs  and  pubnonarj"  vessels  showed  no  sig- 
nificant abnormalities. 

The  heart  was  small  with  moderate  dilatation  of  the  chambers.  There  was  slight 
calcification  of  the  posterior  mitral  leaflet  and  of  the  sinus  of  Valsalva.  The  coronary 
arteries  were  patent  and  showed  moderate  intimal  thickening.  The  myocardium 
was  flabby  but  showed  no  recent  infarctions. 

Summary.  1)  Carcinoma  of  splenic  flexure  with  externalized  carcinomatous  loop 
and  rupture  of  the  carcinoma.  2i  Acute  generalized  fecal  peritonitis  with  left 
subphrenic  loculation.  3)  Parenchj-matous  degeneration  of  viscera.  4)  Coronary 
sclerosis,  mild,  without  narrowing. 

Comment.  The  course  of  events  became  dear  after  the  post  mortem 
examination.  There  had  first  developed  a  locaUzed  intra-abdominal  (sub- 
phrenic) collection  of  purulent  material  with  fairly  circumscribed  p)eri- 
tonitis,  resulting  from  the  flow  of  intestinal  content*  through  the  woimd 
into  the  abdomen  from  the  ruptured  carcinoma.  On  the  fifth  day.  there 
was  a  sudden  extensive  spread  of  peritoneal  infection  with  rapidly  ensuing 
collapse.  The  patient  was  elderly  and  had  had  pre\"ious  electrocardio- 
graphic e\-idence  of  coronary  artery  disease.  The  shock-like  clinical  pic- 
ture of  the  final  episode  was  similar  to  that  .seen  so  frequently  in  acute 
coronarj*  artery  thrombosis.  The  absence  of  pain  in  a  very  sick  patient 
with  the  usual  variety'  of  postoperative  complaints  was  not  incompatible 
with  the  suggested  diagnosis  of  coronary  artery  occlusion.  An.  electro- 
cardiogram might  have  been  helpful,  but  imfortimately  was  not  done. 

Ca&e  2.  History  (Adm.  429230).  S.  S.,  a  woman,  aged  59,  complained  of  recurring 
attacks  of  upjjer  abdominal  pain  relieved  by  food.  Although  a  gastro-intestinal 
x-ra\"  had  been  reported  to  be  normal  six  months  before,  because  of  significant 
weight  loss  and  j)ersistent  pain  she  was  admitted  to  the  hospital  for  study. 
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Examinalion.  The  patient  was  chronically  ill.  Her  heart  was  normal  according 
to  the  usual  clinical  examination.  The  lungs  were  clear.  The  blood  pressure  was 
145  systolic  and  80  diastolic.  There  was  a  positive  guaiac  test  for  blood  in  the  stools. 
Roentgen  examination  of  the  stomach  now  revealed  a  carcinoma.  This  finding  was 
confirmed  by  gastroscopy.  The  electrocardiogram  showed  normal  sinus  rhythm 
with  left  ventricular  preponderance,  and  a  low  amplitude  of  the  QRS  complex  in 
lead  II.    These  changes  were  not  considered  abnormal  in  a  patient  of  this  age. 

At  operation  under  avertin  and  ethylene  anesthesia  a  subtotal  gastrectomy  with 
anterior  gastro-jejunostomy  was  done.  During  the  operation,  bleeding  from  the 
pancreas  was  encountered  which  was  readily  controlled  by  pressure  packing. 

Course.,  Directly  after  operation,  the  temperature  rose  to  102°F.,  and  the  pulse 
rate  became  rapid,  ranging  from  100  to  120  per  minute.  There  were  no  significant 
signs  in  the  lungs,  nor  any  abdominal  signs  except  moderate  intestinal  distension 
for  which  an  enema  was  given.  Following  the  enema  the  patient  became  cyanotic 
and  her  face  had  an  ashen  gray  hue.  The  blood  pressure  fell  to  90  systolic  and  70 
diastolic.  The  heart  rate  was  accelerated  to  160  per  minute  and  the  cardiac  sounds 
were  onlj'  of  fair  quality.  Profuse  sweating  occurred,  the  pulse  became  poor  and 
the  patient  presented  the  typical  clinical  picture  of  shock.  There  was  no  abdominal 
tenderness,  no  signs  of  ascites,  nor  any  other  evidence  to  suggest  an  intraabdominal 
infection  or  hemorrhage. 

A  diagnosis  of  coronary  artery  occlusion  was  suggested  as  an  explanation  for  the 
state  of  shock.  An  electrocardiogram  showed  tachycardia  and  somewhat  lower  T 
waves  in  leads  I  and  II  than  previously,  minor  variations  from  the  original  electro- 
cardiogram and  not  typical  of  acute  myocardial  change.  Fever  persisted,  also  shock 
and  intermittent  complaints  of  substernal  oppression.  A  few  hours  before  death 
the  abilomen  became  tender  and  abdominal  aspiration  gave  clear  evidence  of  a 
peritonitis.  The  respirations  became  rapid  and  labored,  the  cardiac  rhythm  became 
irregular,  and  she  went  into  coma  and  died. 

Relevant  Necropsy  Findings.  Partial  dehiscence  of  duodenal  stump;  acute  diffuse 
fibrino-purulent  peritonitis;  coronary  sclerosis  without  narrowing;  and  acute  inter- 
stitial myocarditis  (microscopic). 

Comment.  Because  of  its  anatomical  location,  the  duodenal  stump  is 
closed  freciuently  only  with  the  greatest  difficulty  in  subtotal  gastrectomy. 
The  sutiu-e  line  is  immediately  thereafter  subject  to  tension  and  to  the  ac- 
tion of  the  digestive  juices.  For  these  reasons,  dehiscence  of  the  stump  is 
unfortunately  encountered  in  a  certain  number  of  cases.  The  leakage  of 
intestinal  contents  sets  up  fir.st  a  localized  peritoneal  reaction,  and,  if 
rapidly  diffused,  involves  the  entire  peritoneal  surface,  at  times  with  a  rather 
suddenly  induced  picture  of  shock.  Such  was  the  sequence  of  events  in  this 
case.  Initially  there  was  a  localized  peri-duodenal  exudate  which  extended 
into  the  general  peritoneal  cavity  causing  the  clinical  syndrome  described. 
Perhaps  some  clue  to  the  presence  of  an  intra-abdominal  complication 
might  have  been  derived  from  the  immediate  postoperative  tachycardia 
(100  to  120  beats  per  minute)  yet,  this  could  readily  be  the  normal  ac- 
companiment of  the  febrile  reaction  of  102°F.  frequently  seen  for  a  day  or 
two  after  any  uncomplicated  but  extensive  operation.  There  were  no 
signs  of  peritonitis  until  a  few  hours  before  death.  Although  the  elec- 
trocardiogram showed  no  typical  changes  of  myocardial  infarction,  the 
occurrence  of  sudden  collapse  in  a  middle  aged  woman  directly  after  the 


338 


SAMUEL  H.  AVERBUCK 


exertions  of  the  use  of  an  enema,  where  no  other  cause  could  be  discovered, 
suggested  a  presumptive  diagnosis  of  coronary  artery  occlusion. 

Discrssiox 

Following  extensive  intra-abdominal  surgical  procedures,  patients  fre- 
quently manifest  such  signs  as  fever,  dyspnea,  cyanosis,  and  tachycardia 
and  there  may  be  cough,  vomiting,  cardiac  arrhythmias,  chest  or  ab- 
dominal pain.  In  the  great  majority  of  cases  the.se  symptoms  are  part  of 
a  postoperative  reaction  resulting  from  the  necrosis  or  repair  reaction  of 
incised  ti.s.sues,  or  from  the  "stirring  up"  of  infected  areas  or  neoplastic 
tissue.  U.sually  such  phenomena  disappear  spontaneou.sly  in  a  few  days 
unless  complications  .such  as  pneumonia  or  peritonitis  ensue.  It  is  during 
the  immediate  postoperative  period,  however,  that  at  least  half  the  in- 
stances of  postoperative  coronary  thrombo.sis  occur.  \\Tien  it  is  remem- 
bered that  the  most  distinctive  symptom  of  coronary-  artery  occlusion, 
substernal  or  precordial  pain,  Ls  usually  absent  or  of  minimal  intensity 
under  such  conditions  and  that  other  signs  of  coronary  occlusion,  i.e.,  fever 
and  leucocytosis,  are  masked  by  and  confused  with  the  signs  of  post- 
operative reaction,  it  becomes  clear  why  the  diagnosis  of  coronary  occlusion 
may  be  extremely  difficult.  This  difficulty  becomes  even  greater  when 
the  patient  goes  into  shock.  In  this  state  the  blood  pre.s.sure  drops,  the 
heart  sounds  become  feeble  and  the  pulse  fails.  Pallor  or  cyanosLs  may 
be  present  and  the  respirations  become  rapid  and  shallow.  This  clinical 
picture  surely  .suggests  acute  coronary  occlusion.  Pain  is  the  only  im- 
portant symptom  lacking  to  complete  the  classical  picture,  and  as  men- 
tioned before,  absence  of  pain  is  frequent  in  postoperative  coronary 
occlusion. 

Gorham  and  Martin  (4)  analyzed  the  clinical  histories  of  100  cases  of 
coronary  occlusion  proved  by  necropsy  and  noted  that  42  of  these  patients 
had  had  no  pain  in  their  attacks.  The  bibliography  appended  to  their 
paper  lists  nvunerous  reports  of  similar  observations  with  an  incidence  of 
painless  coronary  occlusion  ranging  from  38  to  61  per  cent.  Bean  (5)  in  a 
statistical  review  of  189  cases  of  m\-ocardial  infarction,  found  pain  had 
occurred  in  no  more  than  72  per  cent  of  the  acute  attacks.  He  refers  to 
numerous  other  reports  of  painless  acute  coronary  occlusion,  a  .syndrome 
which  has  now  received  general  acceptance.  Master,  Dack,  and  Jaffe  (6) 
in  their  study  of  35  cases  of  postoperative  coronary  occlusion,  noted  pain 
in  only  two-fifths  of  the  cases  and  in  these,  the  pain  was  often  shght. 

It  is  clear,  therefore,  that  on  purely  clinical  grounds,  it  is  extremely 
difficult  in  the  postoperatiA^e  period  to  determine  whether  or  not  a  suddenly 
en.suing  shock  state  has  been  caused  by  an  acute  coronary  artery  occlusion. 
It  becomes  necessary,  therefore,  to  obtain  information  from  the  electro- 
cardiogram. It  must  be  emphasized  that  for  an  accurate  interpretation  of 
postoperative  electrocardiographic  changes  it  is  essential  to  know  the  pre- 
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operative  electrocardiographic  pattern.  Pr(>-e.\isting  myocardial  involve- 
ment may  have  so  altered  the  electrocardiogram  that  superimposed  acute 
changes  present  an  atypical  picture.  Doubtful  ca.ses,  however,  may  often 
be  clarified  by  serial  electrocardiograms.  In  patients,  over  fifty,  with  or 
without  a  cardiac  history  or  clinical  evidence  of  heart  di.sease,  upon  whom 
an  extensive  surgical  procedure  is  contemplated,  (particularly  intra-ab- 
dominal-surgery)  a  preoperative  electrocardiogram  is  extremely  important 
and  should  be  a  routine  procedure. 

No  attempt  will  be  made  to  discuss  the  etiological  relationship  between 
postoperative  coronary  thrombosis,  the  operative  procedure,  and  the  post- 
operative course.  Before  more  is  known  about  the  mechanism  of  throm- 
bosis, such  considerations  can  be  only  speculative.  Warning  must  be 
given  against  the  fallacy  of  linking  two  events  causally  merely  because  of 
their  temporal  juxtaposition.  Elderly  people  may  develop  coronary  oc- 
clusion or  other  cardio\  ascular  accidents  at  any  time.  Recently  a  sixty- 
three  year  old  hypertensive  patient  was  admitted  to  a  surgical  service  for 
excision  of  a  mammary  duct  papilloma.  There  was  no  evidence  of  heart 
disease.  Before  the  operation  could  be  begim  and  before  anesthesia  was 
administered,  the  patient  complained  of  chest  pain  which  was  considered 
to  be  an  attack  of  angina  pectoris.  It  was  thought  wise  to  defer  the  opera- 
tion and  the  patient  was  sent  to  the  ward.  After  a  .symptom-free  interval 
of  a  few  hours,  she  complained  of  the  chest  pain  again,  and  died  in  a  few 
minutes.  Autopsy  revealed  the  cause  of  death  to  be  hemopericardium  with 
cardiac  tamponade  from  a  rupture  of  the  ascending  aorta  due  to  medial 
degeneration.  If  the  anesthesia  had  been  begun  or  if  the  operation,  minor 
as  it  was  to  be,  had  been  completed,  this  death  too,  would  have  been 
designated  as  a  postoperative  event.  Furthermore,  without  an  autopsj', 
the  clinical  diagnosis  of  coronary  artery  thrombosis  would  have  been 
maintained,  illustrating  again  how  the  classic  .syndrome  of  coronary  artery 
occlusion  may  have  another  anatomical  basis. 

SUMMARY  AND  COXCLUSIOXS 

The  clinical  picture  of  acute  coronar>^  artery  occlusion  may  be  stimulated 
by  many  other  supra-  and  infra-diaphragmatic  syndromes.  There  is  a 
general  awareness  of  this  problem  in  differential  diagnosis.  Further  em- 
phasis, however,  is  required  in  connection  with  postoperative  shock  states 
which  are  too  uncritically  ascribed  to  acute  coronary  artery  occlusion. 
Two  ca.ses  of  a  rapidly  spreading  postoperati\  e  peritonitis  accompanied  by 
peripheral  collapse  and  the  clinical  picture  of  .shock  are  described.  A 
diagnosis  of  acute  coronary  occlusion  was  made  in  each  instance.  Autopsy 
failed  to  disclose  such  a  condition  in  (nther  case.  The  clinical  peculiarities 
of  postoperative  coronarj'  thrombosis  are  commented  upon  and  it  is  urged 
that  definite  confirmatorj'  evidence  be  sought  before  making  this  diagnosis 
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postoperatively  in  shock  states.  The  value  of  the  preoperative  electro- 
cardiogram as  a  basis  of  comparison  for  postoperative  records  is  stressed. 
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BROWX-SEQUARD  SYNDROME  IX  ASSOt'IATlOX  WITH  TUBER- 
CULOUS SPOXDYLITIS  AXD  PULMOXARY 
SILICO-TUBERCULOSIS 


LEWELLYS  F.  BARKER,  M.D. 
[Baltimore,  Maryland] 

A  Brown-Scquard  syndrome  is  met  with  very  often  in  association  with 
tumor  of  the  spinal  cord  or  with  syphiUs  of  the  spinal  cord;  occasionally  it 
is  the  result  of  trauma,  or  of  hematomyelia.  The  case  to  be  reported  here 
illustrates  a  relationship  of  Brown-Sequard  syndrome  to  tuberculous 
spondyhtis  (caries  of  the  spine). 

CASE  REPORT 

History.  The  patient,  Harry  H.,  age  56,  a  stone  cutter  by  occupation,  was  referred 
to  the  neurologist  of  the  Johns  Hopkins  Hospital,  Dr.  Frank  R.  Ford,  because  of 
"weakness  of  the  right  leg  and  a  general  run-down  condition."  The  family  history 
threw  no  light  upon  the  patient's  illness.  The  parents  were  long-lived  persons  and 
there  was  no  history  of  tuberculosis,  cardiovascular  disease,  goitre,  or  neuropsy- 
chiatric  disease  in  the  family.  The  patient  was  married  but  had  had  no  children. 
In  childhood  the  patient  had  had  mumps,  measles,  whooping  cough  and  chicken  pox. 
Eight  years  before  admission  while  at  heavy  stone  work  he  ruptured  himself  and 
had  worn  a  truss  since  that  time.  About  four  years  prior  to  admission  a  wound 
resulting  from  a  cut  on  his  hand  became  infected;  he  developed  high  fever  and  was 
forced  to  undergo  treatment  in  a  hospital  for  two  weeks. 

Though  the  patient  had  been  exposed  to  stone  dust  over  a  period  of  many  years, 
he  dated  the  onset  of  his  illness  to  the  infected  wound  for  which  he  had  been  hospi- 
talized four  years  previousl}'.  Soon  after  leaving  the  hospital  on  that  occasion  he 
noticed  that  his  right  leg  dragged  on  walking  and  that  there  was  occasional  jerking 
in  the  muscles  of  that  leg  at  night.  The  right  lower  extremitj-  had  been  weaker  than 
the  left  ever  since.  During  the  four  years  prior  to  admission  the  patient  had  lost 
twenty-five  pounds  in  weight,  and  had  complained  of  lack  of  appetite  and  of  increas- 
ing general  weakness. 

One  month  before  admission  he  began  to  suffer  from  a  troublesome  cough  (without 
much  sputum)  and  was  sent  to  a  hospital  in  Washington  County,  Maryland  where, 
after  examination,  the  physician  in  charge  advised  him  to  consult  Dr.  Ford.  It  was 
later  learned  that  he  had  had  some  edema  of  the  ankles,  especially  on  the  right  side, 
occurring  toward  evening  for  at  least  two  j-ears.  He  had  also  become  short  of 
breath  on  exertion  and  had  had  to  rise  at  night  from  two  to  four  times  to  pass  urine. 

'  Examination.  Temperature,  101 .6°F.  Pulse  rate,  136  per  minute.  Respiratory 
rate,  20  per  minute.  Blood  pressure,  130  sj'stolic  and  90  diastolic.  Height ,  five  feet 
eight  inches;  weight,  123  pounds  (31  pounds  below  calculated  ideal  weight).  Slight 
pallor  vas  present.  The  right  lower  extremitj-  was  cooler  than  the  left.  Slight 
edema  of  the  ankles  was  present  on  admission,  but  soon  disappeared  after  rest  in 
bed.  There  was  a  slight  enlargement  of  the  retrocervical  lymph  glands  and  in  each 
axilla  there  was  one  non-tender  gland  the  size  of  a  marble.    There  was  slight  deafness 

341 


342 


LEWELLYS  F.  BARKER 


in  both  ears.  The  tonsils  were  small,  apparently  not  infected.  The  trachea  deviated 
somewhat  to  the  right  of  the  middle  line.    The  thyroid  gland  was  negative. 

During  respiration  the  right  side  of  the  chest  expanded  somewhat  less  than  the 
left.  There  was  slight  dulness  over  the  right  upper  and  right  lower  lobes.  Moist 
rales  were  heard  at  the  right  apex  and  at  both  bases  after  coughing. 

The  apex  beat  of  the  heart  was  9  cm.  to  the  left  in  the  fifth  intercostal  space. 
Marked  tachycardia  was  noted;  a  diffuse  pericardial  friction  rub  was  audible.  There 
was  palpable  thickening  of  the  peripheral  arteries,  especially  the  brachials. 

The  abdomen  was  not  tender;  the  liver  edge  was  firm  and  easily  palpable  at  about 
the  level  of  the  umbilicus;  the  spleen  was  not  palpable.    Genitalia  were  normal. 

On  neurological  examination,  there  was  definite  weakness  of  all  muscles  of  the 
right  lower  extremity  and  of  the  right  side  of  the  abdomen.  The  right  lower  ex- 
tremity was  much  colder  than  the  left  and  exhibited  marked  spasticity  with  patellar 
clonus,  ankle  clonus  and  exaggeration  of  the  deep  reflexes.  Muscular  strength  in  the 
left  lower  extremity  did  not  seem  to  be  impaired  but  the  deep  reflexes  were  active 
and  there  was  a  positive  Babinski  sign  on  the  left  as  well  as  on  the  right. 

On  testing  sensation,  there  was  outspoken  analgesia  with  thermo-hj'poaesthesia 
over  the  left  lower  extremity  and  over  the  trunk  as  high  as  a  level  a  little  above  the 
umbilicus.  Pain  and  temperature  senses  were  normal  in  the  right  side  of  the  body. 
Vibratory  sensations  were  diminished  in  the  right  lower  extremity.  There  was  a 
narrow  band  of  anaesthesia  about  the  trunk  on  the  right  side  just  above  the  um- 
bilicus. 

Laboratory  Data.  Blood:  red  blood  cells,  4,300,000;  hemoglobin,  86  per  cent, 
white  blood  cells,  6,040,  with  a  relative  increase  of  the  large  mononuclear  elements, 
18  per  cent;  Wassermann  reaction  negative;  blood  sugar,  125  mg.  per  cent;  non- 
protein nitrogen  26  mg.  per  cent;  carbon-dioxide  combining  power,  49.4  volumes  per 
cent.  Urine:  Specific  gravity,  1020;  slight  albuminuria;  no  sugar;  no  casts;  no  bile; 
no  diacetic  acid.  Sputum:  Smears  thus  far  studied  revealed  no  tubercle  bacilli, 
though  cutaneous  tuberculin  tests  yielded  rather  stronglj'  positive  results.  Cere- 
brospinal fluid:  On  lumbar  puncture,  no  evidence  of  block  could  be  elicited;  there 
was  no  xanthochromia;  the  cell  count  was  not  increased,  and  the  Pandy  test  was 
negative.  Roentgenograms:  X-ray  examinations  of  the  spine  revealed  changes  in 
the  thoracic  area  from  the  fourth  to  the  eighth  thoracic  vertebra,  probably  tubercu- 
lous. In  this  area  there  was  kyphosis  with  some  angulation.  On  .x-ray  examina- 
tion of  the  lungs,  there  was  very  marked  spotty  involvement  throughout  both  lungs; 
in  the  right  lower  lobe  there  were  some  larger  areas  of  consolidation  but  no  definite 
evidence  of  cavitation  could  be  discovered.  The  x-ray  pictures  of  the  lungs  were 
strongly  suggestive  of  advanced  pneumonoconiosis  (pulmonary  silicosis)  with  prob- 
able superimposed  pulmonarj'  tuberculosis  to  which  the  fever  of  the  patient  was 
attributed. 

DISCUSSION  OF  THE  NEUROLOGICAL  LESIONS 

As  to  the  localization  of  the  lesion  in  the  transverse  section  of  the  spinal 
cord,  it  was  obvious  that  the  paresis  of  the  muscles  of  the  right  lower  ex- 
tremity and  right  abdomen,  accompanied  by  exaggeration  of  the  deep  re- 
flexes with  ankle  clonus,  patellar  clonus,  and  positive  Babinski  sign  on  the 
right,  pointed  to  involvement  of  the  right  pyramidal  tract.  The  impair- 
ment of  deep  sensation  on  the  right  suggested  involvement  of  the  right 
posterior  funiculus,  while  the  radicular  zone  of  anaesthesia  on  the  right  sug- 
gested a  lesion  of  the  posterior  root.  The  coldness  of  the  right  lower  ex- 
tremity was  probably  due  to  invoh  ement  of  the  descending  vaso-con- 
strictor  fibres  in  the  lateral  column  on  the  right  side. 
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The  analgesia  and  theimo-liypoaesthesia  of  the  left  lower  extremity  and 
of  the  trunk  as  high  as  two  inches  above  the  umbilicus  pointed  to  in\'olve- 
ment  of  the  spino-thalamic  tract  (Gower's  tract)  in  the  right  lateral  column. 

The  positive  Babinski  sign  on  the  left  with  some  exaggeration  of  the  deep 
reflexes  in  the  left  lower  extrcMuity  pointed  to  slight  in\  olvement  of  the  left 
pyramidal  tract. 

As  to  the  localization  of  the  lesion  in  the  longitudinal  plane,  the  disturb- 
ances of  motility  pointed  to  invoh  ement  of  th(>  pyramidal  tracts  of  both 
sides  (much  more  marked  on  the  right  than  on  the  left)  somewhere  in  the 
thoracic  cord. 

Disturbances  of  sensibility,  however,  permitted  precise  localization  at  the 
level  of  the  eighth  thoracic  segment  of  the  spinal  cord  (corresponding  to  the 
level  of  the  fifth  thoracic  spinous  process). 

It  was  evident,  therefore,  that  there  was  an  incomplete  transverse  lesion 
of  the  spinal  cord  at  the  level  of  the  eighth  thoracic  segment,  involving  the 
posterior  root  and  the  posterior  and  lateral  columns  on  the  right  at  that 
level  and,  to  a  very  slight  extent,  the  pyramidal  tract  in  the  left  half  of  the 
cord  probably  at  the  same  level. 

This  incomplete  transverse  lesion  had  given  rise  to  a  somewhat  atypical 
Brown-Sequard  syndrome  including  1)  a  zone  of  radicular  anaesthesia 
(posterior  root  of  eighth  thoracic  nerve);  2)  right  hemiparesis  below  the 
level  of  T-8;  3)  slight  bathyanaesthesia  on  the  right;  and  4)  outspoken 
analgesia  and  thermo-hvpaesthesia  on  the  left,  complicated,  however,  by 
5)  slight  involvement  of  the  pyramidal  tract  on  the  left. 

Nature  of  the  Neurological  Lesion:  Since  the  Brown-Sequard  syndrome 
is  most  common  in  association  with  tumor  of  the  spinal  cord  or  with  syphilis 
of  the  cord,  it  was  important  to  rule  these  out.  Syphilis  was  excluded  by 
the  negative  blood  Wassermann  reaction  and  by  the  negati\c  findings  in 
the  cerebrospinal  fluid. 

Tumor  of  the  spinal  cord  is  .so  often  overlooked  that  the  possibility  of  its 
existence  was  carefully  considered  in  this  patient.  The  absence  of  pain, 
however,  throughout  the  whole  course  of  the  di.sease  was  strongly  against 
the  existence  of  tumor  since  pain  (either  root  pain,  column  pain,  or  back 
pain)  is  the  first  symptom  in  about  90  per  cent  of  all  cases  of  tumor  of  the 
spinal  cord,  whether  intramedullary  or  extramedullary.  In  17  per  cent  of 
the  cases  of  tumor  of  the  cord  there  is  retention  of  urine  in  the  early  stage 
\)\it  the  only  bladder  disturbance  complained  of  b>-  this  patient  was  occa- 
sional nocturia.  The  findings  on  lumbar  puncture  also  militated  against 
this  diagnosis  since  the  hydrodynamic  relations  seemed  to  be  normal,  the 
Queckenstedt  test  did  not  show  evidence  of  block,  and  the  cerebrospinal 
fluid  was  not  xanthochromic,  did  not  contain  protein,  and  showed  no  in- 
crease in  cells. 

It  seemed,  therefore,  plausible  to  connect  the  jjartial  transverse  lesion  of 
the  cord  with  the  tuberculous  spondylitis  which  caused  either  a  compression 
mj-elopathy  (without  block  in  the  cerebrospinal  fluid)  or  interfered  with  the 
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blood  supph'^  at  the  level  of  the  eighth  thoracic  segment  with  resulting 
partial  mj'elomalacia. 

Diagnosis:  As  a  result  of  the  diagnostic  study  it  was  decided  that  we 
had  to  deal  with : 

1.  Spondylitis  tuberculosa  (caries  of  the  spine)  with  kyphosis  and 
angulation  leading  to  an  incomplete  transverse  lesion  at  the  level  of 
the  eighth  thoracic  segment  of  the  spinal  cord  with  a  somewhat  atypi- 
cal Brown-Sequard  syndrome. 

2.  Advanced  silico-tuberculosis  of  the  lungs  with  characteristic  x-ray 
findings  and  with  continuous  fever. 

3.  Mj'ocardiopathy  with  tachycardia,  pericarditis,  and  hepatomegaly 
(chronic  passive  congestion)  secondary  either  to  interference  with 
the  pulmonary  circulation  by  the  silicosis  or  to  arteriosclerosis. 

4.  Secondary  anemia  (red  blood  cells,  4,300,000;  hemoglobin,  86  per 
cent) . 

5.  Undernutrition  (31  pounds  below  calculated  ideal  weight). 
Treatment:    As  the  pulmonary  tuberculosis  seemed  to  be  active  with 

continuous  fever  and  troublesome  cough,  it  was  decided  to  combat  the 
tuberculous  process  by  complete  rest  in  bed  and  general  upbuilding.  As 
the  lesion  in  the  spinal  cord  had  not  been  progressive  early  operative  inter- 
ference in  the  treatment  of  the  tuberculous  spondylitis  need  not  be  under- 
taken, though  the  spine  will  be  immobilized  by  the  hospital  orthopedist. 

The  patient  will  be  given  an  abundant  diet  with  large  quantities  of  pro- 
teins, carbohydrate,  vitamins  and  fats  (including  cod  liver  oil).  It  is 
possible  that  a  rapid  gain  in  weight  and  a  better  appetite  can  be  induced  by 
injecting  dailj'  doses  of  from  five  to  ten  units  of  protamine  zinc  insulin 
twenty  minutes  before  breakfast  and  twenty  minutes  before  the  evening 
meal;  there  need  be  no  fear  of  causing  a  hypoglycemia  through  the  use  of 
the  insulin  since  the  patient's  blood  sugar  is  high  (125  mg.  per  cent). 

The  myocardial  weakness  with  chronic  passive  congestion  is  an  indication 
for  chronic  digitalis  therapy.  The  secondarj^  anemia  can  probably  be 
overcome  by  the  general  upbuilding  measures  and  by  the  administration 
of  ferrous  sulphate  three  times  daily. 

If  under  treatment  the  temperature  returns  to  normal,  the  heart  becomes 
compensated,  and  weight  is  gradualh'  gained,  consideration  may  later  on 
be  given  to  the  possibility  of  benefiting  the  patient  further  hx  surgical  inter- 
vention upon  the  spine. 
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THE  SIGXIFICAXCE  (;F  XEGATIVE  T  WAVES  IX  ALL  THREE 
STAXDARD  LEADS  OF  THE  ELECTROCARDIOGRAM 


ARLIE  R.  BARNES,  M.D.  and  HOWARD  B.  BURCHELL.  M.D. 
[Division  of  Medicine,  Mayo  Clinic,  Rochester,  Minnesota] 

When  one  has  taught  that  the  proper  method  of  clinical  electrocardio- 
graphic research  is  the  study  of  electrocardiograms  obtained  from  cases 
which  later  had  been  well  studied  in  the  pathologic  laboratory,  it  ma}'  seem 
paradoxical  to  present  work  in  which  an  attempt  is  made  to  correlate 
electrocardiograms  with  clinical  diagnoses.  Our  justification  lies  in  the 
fact  that  in  many  cases  in  which  the  classification  of  cardiac  disease  ap- 
peared clear-cut  on  clinical  grounds,  it  was  never  possible  to  have  contem- 
porary pathologic  study.  L^niversal  T  wave  negativity  has  long  been 
known  in  electrocardiograms  and  examples  are  readily  found  in  many  of 
the  standard  texts  of  electrocardiography.  We  have  noted  particularly 
the  occurrence  of  negative  T  waves  in  the  three  standard  electrocardio- 
graphic leads  in  cases  in  which  there  were  one  or  more  attacks  of  acute 
coronary  occlusion  and  in  cases  in  which  there  was  severe  coronary  disease 
as  manifested  by  angina  pectoris  but  without  the  history  of  acute  occlu.sion 
and  following  administration  of  digitalis.  However,  it  was  the  recurring 
observation  of  negative  T  waves  in  all  three  standard  leads  in  cases  of 
recovering  acute  pericarditis  and  in  chronic  pericarditis  that  prompted 
this  study  of  a  large  series  of  electrocardiograms  having  as  a  characteristic 
negative  T  waves  in  all  three  derivations. 

In  many  instances  these  electrocardiographic  pictures  have  been  enig- 
matic, particularly  where  multiple  factors,  as  hypertension,  valvular 
disease,  coronary  disease,  metabolic  disorders  and  digitalis,  might  be 
operative.  L'nder  such  circumstances  it  is  often  impossible  to  assess 
accurately  the  effect  on  the  electrocardiogram  of  any  particular  factor  when 
combined  with  other  conditions  known  to  be  capable  of  producing  electro- 
cardiographic changes.  It  would  be  erroneous  to  study  on  a  statistical 
basis  the  material  we  have  investigated,  as  clinical  diagnoses  lack  the 
necessary  exactitude.  We  do  not  believe  a  scientific  method  need  end 
necessarily  in  exact  numerical  results  and  think  that  from  our  material  we 
have  extracted  general  truths  which  will  prove  helpful  in  the  clinical 
interpretation  of  electrocardiograms. 

The  material  consisted  of  electrocardiographic  tracings  of  435  patients 
who  showed  at  one  time  or  another  negative  T  waves  in  all  three  deriva- 
tions of  the  standard  electrocardiogram. 

The  tracings  were  first  grouped  according  to  the  nature  of  the  QRS  com- 
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plex  (table  1).  The  poculiarity  of  the  normal  human  olertrocardiogram 
with  the  potentials  of  depolarization  and  repolarization  giving  rise  to 
deflections  in  the  same  direction  has  often  been  commented  on.  It  so 
happens  that  the  majority  of  ova-  tracings  in  which  there  is  universal  T 
wave  negativity  have  the  (JKS  complex  upright  in  all  three  leads.  Inter- 
estingly enough,  many  of  the  tracings  resemble  the  most  stable  type  of 
electrocardiogram  in  the  dog,  in  which  the  T  wave  may  be  negati\e  and 
the  (JRS  upright  in  all  three  leads.  A  few  instances  of  bundle  branch 
block  with  upright  QRS  complexes  and  deeply  inverted  T  wax  es  in  all 
three  leads  have  been  encountered,  again  similar  to  one  pattern  of  l)undle 
branch  block  in  the  dog.  It  has  been  of  interest  to  note  that  ventricular 
extrasystoles  may  occur  with  the  same  type  of  upright  QRS  and  negative 
T  waves  in  all  three  leads.  In  rare  instances  in  these  latter  types  of  abnor- 
mal electrocardiograms  we  have  observed  a  refutation  of  Einthoven's  law 
as  applied  to  the  T  wa\  es  and  we  are  in  accord  with  the  view  of  Wolferth 

TABLE  1 

Xature  of  the  QRS  complex  in  electrocardiograms  in  which  (he  T  waves  in  all  three 

standard  leads  were  negative 


ELECTROC.\RDIOaR.\MS  SHOniNO 


QRS  complex  upright  in  all  three  standard  leads  

Left  axis  deviation  

Right  axis  deviation  

Miscellaneous  types  of  QRS  complexes  including  intraven- 
tricular conduction  disturbances  and  large  S  waves  in  vari- 
ous leads  


Total 


279 
111 

9 


36 


435 


and  his  co-workers  that  the  left  arm  cannot  always  be  considered  as  leading 
from  the  peripheral  electric  held  of  the  heart.  We  had  noted  previously 
that  in  cases  of  acute  pericarditis  the  elevation  of  the  RST  .segment  might 
be  greater  in  lead  I  than  in  lead  II  when  that  in  lead  III  was  isoelectric. 

It  is  seen  (table  2)  that  severe  essential  hypertension  is  often  the  clinical 
diagnosis  in  cases  in  which  there  are  negative  T  waves  in  all  three  leads 
and  the  QRS  complexes  are  upright  (fig.  1).  The  blood  pressure  in  this 
group  u.sually  approximated  250  mm.  of  mercury  .systolic  and  125  diastolic. 
That  cases  of  aortic  stenosis  should  be  placed  so  prominently  in  this  list 
has  been  to  us  an  interesting  finding.  In  these  electrocardiograms  there 
was  generally  a  moderate  depression  of  the  ST  segment  in  lead  I,  often 
sloping  in  character,  and  .sometimes  there  was  depre.'ision  of  the  ST  seg- 
ment in  all  three  leads,  in  which  case  it  was  maximal  in  lead  II.  In  occa- 
sional instances  there  was  no  significant  depression  of  the  ST  segment  in 
any  of  the  three  leads. 

The  incidence  of  pericarditis  in  this  group  is  of  importance  but  a  not 
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unexpected  observation.  The  miscellaneous  cases  in  this  group,  included 
the  following  clinical  diagnoses:  normal  hearts  by  clinical  examination, 
digitalis  medication,  hyperthyroidism  and  degenerative  heart  disease, 
uremia,  myxedema,  paroxysmal  tachycardia,  chronic  bronchitis,  em- 
physema and  degenerative  heart  disease,  digitalis  with  combined  valvular 
and  hypertensive  disease,  arteriosclerotic  heart  disease  and  various  combi- 
nations of  these  conditions. 

When  the  electrocardiograms  showing  T  wave  negativity  in  all  three 
leads  and  left  axis  deviation  are  studied  (table  3) ,  it  may  be  seen  that  they 
are  drawn  mainly  from  patients  having  severe  essential  hypertension.  The 
miscellaneous  cases  in  this  group  con.sisted  of  degenerative  heart  disease, 
various  forms  of  hyperthyroidism  in  the  older  age  groups,  a.s.sociated  val- 

TABLE  2 


Conditions  showing  electrocardiograms  with  negative  T  waves  in  all  three  leads  and 

upright  QRS  complexes 


CI.INICAL  DIAGNOSIS 

40  and  less 

AGE,  YEARS 
40-00 

55  T- 

TOTAL 

Aortic  valvular  disease  (stenosis  component 

predominant)  

6 

21 

10 

37 

Combined  aortic  and  mitral  disease  

1 

7 

2 

10 

Severe  essential  hypertension — B.P.  more 

than  200/110  

24 

30 

19 

73 

Essential     hypertension     and  coronary 

sclerosis  

1 

12 

18 

31 

Coronary  sclerosis  (angina  pectoris)  

0 

7 

9 

16 

Coronary  sclerosis  and  m3^ocardial  infarc- 

tion (history  of  acute  coronary  occlusion) . . 

0 

12 

10 

22 

Pericarditis  

14 

4 

1 

19 

^liscellaneous  

11 

21 

39 

71 

Total  

57 

114 

108 
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vular  and  coronary  disease,  chronic  nephritis  and  combinations  of  these 
conditions,  sometimes  confused  in  part  by  digitalis  medication  (figs.  2 
and  3). 

There  were  only  nine  instances  encountered  in  which  the  T  waves  were 
negative  in  all  three  leads  and  right  axis  deviation  was  present.  In  four 
cases  the  diagnosis  was  recent  coronary  occlusion  and  there  was  one  case 
each  of  coronary  sclerosis  and  angina  pectoris;  coronary  sclerosis  with 
angina  pectoris  and  the  history  of  an  ancient  acute  coi'onary  occlusion; 
recurrent  pulmonary  emboli;  mitral  stenosis;  and  mitral  stenosis  under 
digitalis  therapy.  In  all  of  the  nine  instances  the  blood  pres.sure  was  in 
the  low  normal  range  and  the  two  patients  that  had  mitral  stenosis  were 
more  than  forty  years  of  age. 

In  the  group  of  thirty-six  cases  in  which  there  were  various  types  of 
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QRS  complexes  the  majority  had  intraventricular  conduction  disturbances, 
usually  of  the  type  with  the  QRS  complex  upright  in  all  leads.    One  in- 


a  .1  b  c  d  e 

10-24-34      U- 1 5-M 


Fig.  1.  Electrocardiograms  with  negativity  of  the  T  waves  in  the  three  standard 
leads  in  conditions  causing  increase  of  work  of  the  left  ventricle. 

a.  Severe  hypertension  (260  mm.  of  mercury  systolic  and  140  diastolic)  in  a  man 
forty-three  years  of  age  who  had  an  apparently  normal  sized  heart,  and  in  the  second 
tracing  a  return  toward  normal  following  rest  in  bed  and  extensive  sympathectomy. 

b.  Severe  hypertension  in  a  man  forty-five  years  of  age  who  had  recurring  cerebro- 
vascular accidents  but  no  cardiac  symptoms.  (The  concordant  type  of  left  ven- 
tricular strain  pattern.) 

c.  Severe  hypertension  in  a  man  forty-six  years  of  age  who  had  diminished  cardiac 
reserve,  earlj'  renal  insufficiency  and  hypertensive  retinitis. 

d.  Aortic  stenosis  in  a  man  thirty-eight  years  of  age  who  had  moderate  cardiac 
enlargement. 

e.  Aortic  insufficiencj'  in  a  man  fifty-eight  years  of  age  who  had  motlerate  cardiac 
enlargement . 

TABLE  3 


Conditions  showing  electrocardiograms  with  negative  T  waves  in  i*.'.'  three  leads  and  left 

axis  deviation 


CXINICAL  DIAGNOSIS 

40  and  less 

AOE,  YEARS 

40-55 

55+ 

TOTAL. 

Aortic  valvular  disease  

0 

3 

1 

4 

Severe  essential  hvpertension  

8 

24 

18 

50 

Essential     hypertension     and  coronary 

sclerosis  ^angina  pectoris)  

0 

4 

7 

11 

Essential     hypertension     and  coronary 

sclerosis    (history    of    acute  coronary 

occlusion)  

1 

2 

5 

8 

Coronary  sclerosis  (angina  pectoris)  

0 

1 

2 

3 

Coronary  sclerosis  (history  of  acute  coro- 

nary occlusion)  

0 

2 

5 

7 

Miscellaneous  

4 

9 

15 

28 

Total  

13 

45 

53 

111 

stance  occurred  in  which  the  QRS  complex  was  downward  in  all  leads.  In 
other  cases  there  were  large  S  waves  in  all  three  leads,  or  a  markedly  tri- 
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phasic  QRS  in  lead  III  or,  in  a  few  instances,  the  type  of  QRS  complex 
described  in  detail  by  Sodeman  and  Engelhardt  in  which  there  is  a  deep 
S3,  and  Ro  is  greater  than  Rj.  In  these  cases  the  clinical  diagnosis  usually 
was  hypertensive  and  coronarj'  heart  disease  with  an  occasional  case  of 
coronary  sclerosis  without  hypertension  and  of  other  combined  tj-pes  of 
heart  disease  in  elderly  patients. 


II 


III 


— 1 

H 

1 

J 

Fig.  2.  Electrocardiograms  with  negativity  of  the  T  waves  in  the  three  standard 
leads  from  patients  suffering  from  coronary  disease. 

a.  Recovery  period  from  acute  coronary  occlusion  in  a  man  si.xty-nine  years  of  age. 
This  type  of  tracing  was  still  present  nine  months  later  but  three  years  later  there 
were  left  axis  deviation  and  a  Ti  pattern. 

b.  Coronary  sclerosis  and  angina  pectoris  in  a  man  fifty-eight  years  of  age  who 
gave  the  history  characteristic  of  coronary  occlusion  two  years  previously. 

c.  Coronary  sclerosis  and  angina  pectoris  in  a  woman  fifty-two  years  of  age 
who  gave  the  history  suggestive  of  acute  coronary  occlusion  five  j^ears  and  again 
more  definitely  one  month  previously. 

d.  Coronarj'  sclerosis  in  a  man  of  fifty-three  years  of  age  whose  clinical  disease 
ran  a  rapid  course  over  a  few  months  with  progressively  severe  anginal  attacks  but 
without  any  attack  or  episode  to  suggest  an  acute  coronary  occlusion.  At  necropsy 
the  heart  weighed  540  gm.  and  there  were  marked  dilatation  of  the  left  ventricle, 
coronary  sclerosis  of  a  severe  degree  and  multiple  small  myocardial  infarcts.  Small 
pulmonary  emboli  and  areas  of  pulmonary  infarction  were  also  present. 

e.  History  characteristic  of  coronary  occlusion  one  month  previously.  The 
patient  was  a  man  fifty-five  years  of  age. 

f.  History  characteristic  of  coronary  occlusion  a  day  previously  in  a  woman 
seventy  years  of  age  who  had  had  known  hypertension  for  five  years. 


Altogether  there  is  a  group  of  twelve  patients,  all  of  whom  were  less 
than  fifty-five  years  of  age  and  five  of  whom  were  less  than  forty  years  of 
age  and  in  whom  the  results  of  cardiovascular  investigation  were  com- 
pletely negative  except  for  the  abnormality  of  the  electrocardiograms  (fig. 
4).  In  two  cases  the  inversion  of  the  T  waves  occurred  after  paroxysmal 
tachycardia  and  in  one  case  during  a  time  when  multiple  ventricular 
extrasystoles  were  occurring.  In  one  case,  marked  obesity  was  present. 
In  four  cases  forms  of  psychoneurosis  were  present,  with  circulatory  symp- 
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toms  of  functional  character.  These  cases  are  beHeved  to  be  similar  to 
the  cases  described  by  Graybiel  and  White  (2  and  3)  in  which  the  electrocar- 
diogram showed  negativity  of  Ti  or  T2  in  the  absence  of  any  apparent 
structural  disease  of  the  heart.  These  authors  have  also  pointed  out  that 
deviation  of  the  T  waves  from  usually  accepted  normals  may  occur  in 
hyperthyroidism  and  after  paroxysmal  tachj'cardia.  Pardee  stated  that 
negativity  of  Ti  has  not  been  seen  in  cases  of  neurocirculatory  asthenia  but 
two  of  our  cases  in  which  there  was  negativity  in  this  lead  as  well  as  in  leads 
II  and  III  might  be  classified  with  this  diagnosis.    In  two  cases  the  electro- 
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Fig.  3.  Electrocardiograms  showing  negative  T  waves  in  the  three  standard  leads 
from  a  miscellaneous  group  of  conditions. 

a.  Effect  of  digitalis  in  a  patient  of  seventj'-four  years  who  had  degenerative 
heart  disease  and  auricular  fibrillation. 

b.  Striking  effect  of  digitalis  in  a  patient  of  thirty-six  jx>ars  who  had  rheumatic 
heart  disease  with  both  aortic  and  mitral  endocarditis. 

c.  Recurring  pulmonary  emboli  in  a  girl  of  seventeen  years  who  had  chronic 
ulcerative  colitis.  Necropsy  showed  the  presence  of  pulmonary  emboli  and  the 
heart  was  normal  to  gross  and  histologic  examination. 

d.  Exophthalmic  goiter  in  a  man  of  thirty-nine  years,  whose  heart  was  believed 
structurally  normal. 

e.  Taken  dining  a  spontaneous  attack  of  angina  pectoris  in  a  man  forty  years 
of  age.    An  electrocardiogram,  taken  two  days  previously,  had  been  normal. 

cardiogram  spontaneously  returned  to  normal  within  a  day's  time,  in  one 
ca.se  it  became  normal  with  exercise  and  in  another  it  approximated  normal 
after  administration  of  atropine.  In  all  of  tlie  electrocardiograms  in  this 
group  the  T  waves  were  never  deeply  inverted  and  never  had  the  char- 
acteristic cove-plane  shape  so  characteristic  of  the  relic  of  ancient  myo- 
cardial infarction. 

In  a  few  instances  we  have  wondered  whether  unrecognized  pericarditis 
in  early  life  might  have  a  relic  in  the  electrocardiogram  in  adulthood.  Not 
included  in  this  group  of  twelve  cases  was  a  man  thirty-five  years  of  age 
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whose  electrocardiogram  is  reproduced  (fig.  4e)  and  in  whom  we  beUeve 
the  bird  shot,  received  in  a  shotgun  accident  when  he  was  eleven  years  of 
age  and  demonstrated  roentgenoscopically  as  probablj^  being  in  the  peri- 
cardium, may  have  played  a  role  in  a  pericardial  reaction  and  the  electro- 
cardiographic abnormality. 

The  electrocardiographic  picture  of  pericarditis  has  been  well  described 
and  in  particular  the  T  wave  negativity  in  the  three  standard  leads  in 
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Fig.  4r.  Electrocardiograms  showing  negative  T  waves  in  the  three  standard 
leads  obtained  from  patients  who  had  normal  cardiac  function. 

a.  A  man  thirty-two  years  of  age  whose  electrocardiographic  "abnormality"  was 
discovered  accidentally.  The  heart  was  normal  in  size  and  he  led  an  active  life. 
Electrocardiograms  taken  two  days  later  were  normal. 

b.  A  woman  of  forty-si.\  years  who  complained  of  pain  in  the  left  wall  of  the  chest 
since  falling  and  hitting  this  region  one  year  previously.  Xo  clinical  evidence  for 
heart  disease  could  be  found  and  the  electrocardiogram  showed  T  wave  variations  at 
times  appro.ximating  the  usual  normal. 

c.  A  woman  thirty-one  years  of  age  whose  condition  was  diagnosed  as  chronic 
nervous  exhaustion  and  cardiac  neurosis.  Xo  evidence  could  be  discovered  to  indi- 
cate organic  heart  disease. 

d.  A  man  of  thirty-four  years  whose  condition  was  diagnosed  as  anxiety  hysteria 
and  pharyngeal  neurosis.  Xo  evidence  of  cardiac  disease  was  found.  Frequent 
extrasystoles  were  present  at  each  examination  over  a  period  of  nine  months. 

e.  A  man  thirtj'-five  years  of  age  whose  condition  was  diagnosed  as  cardiac  and 
respiratory  neurosis.  Some  of  the  symptoms  of  the  effort  syndrome  were  present. 
The  patient  had  been  in  an  accident  when  eleven  years  of  age  and  about  a  dozen 
lead  shot  were  seen  in  the  region  of  the  left  wall  of  the  chest  and  pericardium.  The 
possibility  exists  that  the  electrocardiogram  was  representative  of  an  old  epicardial 
injury. 


chronic  constrictive  pericarditis  has  been  emphasized.  Examples  of  the 
electrocardiographic  patterns  of  pericarditis  may  be  seen  in  the  texts  of 
Ashman  and  Hull  (page  268)  and  Graybiel  and  ^Miite  (3)  (page  149)  and 
in  the  review  by  Noth  and  one  of  us  (Barnes).  This  is  one  condition  in 
which  the  chest  leads  are  likely  to  be  negative,  usually  in  all  positions 
across  the  chest. 

Of  thirty-eight  cases  having  especiallj'  deep  inversion  of  the  T  waves  in 
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each  of  the  three  leads,  sixteen  had  l)undk'  hianch  conduction  disturbances, 
seven  cases  had  aortic  stenosis,  another  had  syphilitic  aortic  insufficiency 
and  the  remain(l(n-  had  hypertensive  or  coronary  disease  or  a  combination 
of  these  two  conditions.  We  have  noted  thirty-two  instances  in  which  Ti 
was  much  more  markedly  negative  than  T3  and  this  has  been  associated 
with  uprijiht  QRS  deflections  in  all  three  leads  as  well  as  with  left  axis 
deviation.  In  twenty-one  of  the  thirty-two  cases  the  diagnosis  was  severe 
essential  hypertension,  in  four  aortic  valvular  disease  and  in  the  others  a 
combination  of  diseases  including  coronary  sclerosis.  Seventeen  cases 
have  been  ol)served  in  which  T3  was  much  more  markedly  negative  than 
Ti  and  this,  curiously  enough,  has  occurred  with  roughly  the  same  groups  of 
clinical  diagnoses  but  in  only  two  instances  with  left  axis  deviation  of  the 
QRS  complex. 

In  eighty-two  cases,  chest  leads  were  available  for  study  and  the  T  wave 
of  the  apical  lead  was  negative  in  fifty-three,  diphasic  in  nine  and  positive 
in  twenty  cases.  In  thirty-five  cases  with  the  QRS  upright  in  all  three 
standard  leads,  the  T  wave  in  the  chest  lead  was  negative  in  twenty-three, 
diphasic  in  four  and  positive  in  eight,  while  in  twenty-four  instances  of 
well-marked  left  axis  deviation  the  T  wave  in  the  chest  lead  was  negative  in 
seventeen,  diphasic  in  two  and  positive  in  five.  Where  the  T  wave  in  the 
apical  lead  (usually  IV-R)  was  negative,  the  T  wave  in  lead  I  was  consid- 
erably more  negative  than  in  lead  III  in  twenty-six  instances  and  less 
negative  in  ten  instances.  Where  the  T  wave  in  the  apical  lead  was  posi- 
tive, the  T  wave  in  the  first  lead  was  considerably  more  negative  than  in 
lead  III  in  four  instances  and  less  negative  in  eight  instances. 

In  only  sixteen  cases  do  we  have  necropsy  records  and  these  are  mainly 
from  the  group  of  patients  having  had  hypertension  and  sym])toms  of 
coronary  sclerosis.  The  usual  findings  on  post-mortem  examination  were 
hypertrophied  hearts,  severe  coi'onarj^  sclerosis  and  chronic  or  patchy 
infarction  of  the  myocardium.  One  clinical  diagnosis  of  recurrent  pul- 
monary embolism  (fig.  3c)  was  confirmed  at  necropsy.  In  another  case  of 
aortic  stenosis  with  hypertension  necropsy  was  performed  and  minimal  I 
coronary  disease  found.  In  one  case  a  woman  of  twenty-three  years  who 
had  had  malignant  hypertension  and  had  died  of  a  stroke  was  examined 
at  necropsy.  The  heart  weighed  G30  gm.  and  there  was  slight  sclerosis  of 
the  coronary  vessels  but  histologically  no  infarction  or  fibro.sis  of  the  myo- 
cardium. In  one  instance  in  which  the  electrocardiogram  showed  a  Q.3 
pattern,  necropsy  disclosed  an  old  healed  infarct  in  the  posterior  basal  and 
septal  part  of  the  left  ventricle. 

COMMENT  AND  SUMMARY 

Inversion  of  the  T  waves  in  the  three  standard  loads  of  the  electrocardio- 
gram, while  rather  infrequent,  has  been  found  to  occur  in  a  ^•ery  large  group 
of  conditions  which  have  few  correlating  factors.    With  upright  QRS 
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complexes  in  all  three  leads  (or  normal  axis  deviation)  it  is  not  a  rare  electro- 
cardiographic pattern  in  aortic  valvular  disease,  particular! j'  aortic  stenosis, 
and  in  severe  essential  hypertension  in  young  persons.  The  same  type  of 
T  wave  inversion  in  all  three  leads  with  left  axis  deviation  has  occurred  in 
young  persons  who  had  severe  hj'pertension  but  has  not  been  seen  with 
aortic  valvular  disease  in  the  same  age  group.  The  T  wave  inversions  of 
this  type  have  also  been  noted  particularly  by  Kaplan  and  Katz.  They 
have  published  electrocardiograms  similar  to  those  which  we  have  observed 
and  have  emphasized  the  practical  importance  of  recognizing  this  con- 
cordant type  of  electrocardiogram  in  strain  of  the  left  ventricle.  It  may 
be  noted  that  they  did  not  find  it  possible  to  correlate  the  size  of  the  heart 
and  the  type  of  electrocardiographic  pattern,  a  fact  which  is  in  agreement 
with  our  teaching  over  some  years.  Pardee  has  published  electrocardio- 
grams of  the  same  type  without,  however,  analysis  of  the  condition  (page 
146  of  text).  These  T  wave  changes,  we  believe,  may  be  independent  of 
any  concomitantly  existing  coronary  sclerosis,  even  as  the  T  wave  inversion 
in  lead  I  in  hj^pertension  or  aortic  valvular  disease  has  been  proved  to  be 
independent  of  disease  of  the  coronary  arteries.  We  have  been  unable  to 
find  any  definite  correlation  between  the  size  of  the  heart  as  seen  on  the  six- 
foot  roentgenogram  and  electrocardiographic  abnormalities  under  consid- 
eration in  this  discussion. 

In  regard  to  coronarj'  disease,  we  have  noted  T  wave  inversion  in  all 
three  leads  as  an  electrocardiographic  abnormality  in  association  with  what 
would  appear  to  be  an  excellent  Q.3  pattern,  but  only  in  one  instance  did  it 
occur  with  a  suggestive  Qi  pattern.  We  have  noted  negative  T  waves  in 
all  three  derivations  after  an  acute  occlusion  without  characteristic  Q 
changes,  as  had  been  noted  by  Willius  and  one  of  us  (Barnes),  Wilson, 
Pardee  and  Weinberg  and  Katz.  The  shape  of  the  T  waves  in  these  ca.ses 
with  a  sharp  shoulder  following  an  isoelectric  period  is  particularly  im- 
portant, as  pointed  out  by  Pardee.  The  cases  of  negative  T  waves  in  all 
three  leads  associated  with  right  axis  deviation  are  interesting,  as  the 
majority  have  occurred  in  cases  in  which  there  had  been  recent  coronarj' 
occlusion.  Such  a  development  of  right  axis  deviation  following  coronary 
occlusion  has  been  described  by  Klainer.  In  a  number  of  instances  of 
severe  coronary  sclerosis  as  manifested  by  increasingly  severe  effort  pain 
and  heart  failure,  negative  T  waves  have  developed  in  all  three  leads  and 
necropsy  has  confirmed  the  extensive  coronary  disease  and  demonstrated 
generalized  patchy  infarction  Avithout  any  acute  occlusion  or  large  localized 
infarct.  We  have  noted  that  after  a  second  coronary  occlusion  the  electro- 
cardiographic relic  of  the  first  occlusion  may  influence  the  series  of  electro- 
cardiograms in  such  a  way  as  to  produce  T  wave  negativity  in  all  three 
leads.  ^Vhile  in  .some  in.stances  it  is  possible  that  a.s.sociated  pericarditis 
may  pla}'  a  role  in  the  picture,  the  early  development  of  the  T  wave  nega- 
tivity and  its  orderly  retrogression  indicate  that  probably  it  is  all  a  part 
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of  the  infarct  pattern.  At  the  present  time,  we  are  thus  in  agreement  with 
Langendorf  that  a  concordant  T  wave  inversion  in  the  Hmb  leads  following 
coronary  occlusion  is  usually  to  be  related  to  extensive  myocardial  infarc- 
tion but  that  further  ajiatomic  correlation  studies  are  necessary'.  An 
example  of  this  type  of  electrocardiogram  may  be  seen  in  the  illustration 
on  page  130  of  Ashman  and  Hull's  text. 

The  study  is  confusing  in  regard  to  an  analysis  of  the  effect  of  digitalis, 
as  there  were  often  no  tracings  before  or  after  the  administration  of  digitalis. 
We  have  noted  previously,  as  pointed  out  by  Herles,  that  when  digitalis 
was  given  to  a  patient  .showing  left  axis  deviation  the  greatest  effect  of 
medication  might  be  observed  in  lead  I,  and  conversely  in  cases  of  right 
axis  deviation  the  greatest  effect  might  be  seen  in  leads  II  and  III.  It  is 
interesting  that  in  thirty  cases  in  which  there  was  either  hypertension  or 
aortic  stenosis,  in  which  the  patient  was  receiving  average  maintenance 
doses  of  digitalis  and  in  which  the  electrocardiogram  showed  T  wave 
inversion  in  all  three  leads,  the  effect  of  digitalis  in  depressing  the  ST  seg- 
ment had  no  constant  predilection  for  lead  I  but  often  occurred  in  all  three 
leads  and  in  some  instances  mainly  in  lead  III.  The  type  of  material  does 
not  justify  further  comment  at  this  time.  That  T  wave  inversion  in  all 
three  leads  may  occur  from  digitalis  is  well  known  and  is  illustrated  in 
figure  3  and  may  be  seen  also  in  the  work  of  Pardee  (page  298)  and  in  that 
of  Graybiel  and  White  (2)  (page  152). 

COXCLVSIOXS 

1.  A  study  of  T  wave  negativity  in  all  three  leads  of  the  electrocardio- 
gram shows  that  this  abnormality  may  occur  in  many  conditions. 

2.  T  wave  negativity  in  all  three  standard  leads  associated  with  upright 
QRS  complexes  is  an  occasional  electrocardiographic  pattern  of  strain  of 
the  left  ventricle. 

3.  T  wave  negativity  in  all  three  standard  leads  may  be  an  electrocardio- 
graphic pattern  following  acute  coronary  occlusion  and  if  it  is  associated 
with  a  Q  pattern  the  latter  probably  will  be  of  the  Q3  type. 

4.  The  behavior  of  the  T  wave  in  the  chest  leads  is  not  predictable  when 
all  three  standard  leads  have  negative  T  waves. 

5.  A  number  of  cases  have  been  encountered  with  the  electrocardio- 
graphic abnormality  of  negative  T  waves  in  all  three  leads,  and  in  which  the 
heart  has  been  believed  to  be  structurally  normal. 
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PAROXYSMAL  TACHYCARDIA  IX  VERY  EARLY  INFANCY 

MURRAY  H.  BASS,  M.D. 
[From  The  Pediatric  Service,  The  Mount  Sinai  Hospital,  N ew  York  City] 

In  1926  I  asked  Dr.  B.  S.  Opponheimer  to  see  a  very  unusual  case  with 
me.  It  was  a  three-week-old  infant  whose  pulse  was  so  I'apid  that  it  could 
not  be  counted  even  by  auscultation  over  the  cardiac  area.  The  child  was 
seen  bj'  several  experienced  physicians,  none  of  whom  had  previously 
observed  a  similar  condition.  Electrocardiograph}'  proved  the  tachy- 
cardia to  be  due  to  auricular  flutter.  The  child  recovered.  Since  that 
time  two  similar  cases  have  come  under  my  observation.  These  three 
cases  are  worthy  of  consideration  not  only  because  of  the  rarity  of  their 
occurrence  but  also  because  of  the  interesting  and  unusual  clinical  picture 
they  present.  It  seems  appropriate  to  report  them  in  this  volume  dedi- 
cated to  Dr.  Oppenheimer  in  view  of  the  important  work  which  he  has 
contributed  toward  the  better  understanding  of  the  cardiac  pacemaker. 

CASE  REPORTS 

Casel.  History.  Patricia  J.  was  horn  September  28,  1926.  She  was  the  second 
child  of  healthj-  parents.  The  older  child  was  well.  Birth  weight  was  7  pounds  2 
ounces.  The  labor  was  a  normal  one  and  the  infant  progressed  well  at  the  obstetric 
hospital.  She  was  breast  fed.  On  October  20,  when  she  was  about  three  weeks  of  age 
it  was  noted  that  her  color  was  somewhat  pale,  that  she  refused  to  nurse,  and  that 
she  appeared  to  have  periods  when,  as  the  nurse  described  it,  "she  held  her  breath". 

Examination.  On  October  22  I  was  first  asked  to  see  the  infant.  She  did  not 
appear  to  be  very  ill,  although  her  color  was  somewhat  dusky.  The  cry  was  lusty. 
Her  weight  was  7  pounds  14  ounces.  The  most  striking  features  on  looking  at  the 
infant  were  her  rapid  breathing,  her  poor  color  and  her  distended  abdomen.  On 
palpation  this  distention  was  found  to  be  due  to  a  greatly  enlarged  liver  which  could 
be  felt  at  the  level  of  the  crest  of  the  ilium.  On  auscultating  the  chest  the  lungs  ap- 
peared normal,  but  the  heart  was  beating  so  rapidly  that  its  rate  could  not  be  deter- 
mined. There  were  no  murmurs.  The  heart  appeared  somewhat  enlarged.  The 
pulse  at  the  wrist  could  not  be  counted.  The  remainder  of  the  examination  was 
negative. 

It  was,  of  course,  evident  that  we  were  dealing  with  some  form  of  tachycardia  and 
an  electrocardiogram  was  taken  that  same  evening  (fig.  1).  The  tracing  showed  a 
tachycardia,  rate  300  beats  per  minute.  "To  each  auricular  beat  there  is  a  ventricu- 
lar contraction,  that  is,  a  1:1  response.  The  origin  of  the  tachycardia  is  definitely 
supraventricular,  probably  an  auricular  flutter,  but  possibly  a  paroxysmal  auricular 
tachycardia." 

Course.  Careful  observation  by  the  nurse  showed  that  the  tachycardia  was  not 
continuous  but  that  there  were  periods  when  the  pulse  would  quite  suddenly  drop  to 
about  150  beats  per  minute.  The  infant's  condition  remained  unchanged  for  24  hours 
in  spite  of  sedatives.  On  the  night  of  October  23  the  condition  became  definitely 
worse.    There  was  more  evidence  of  cardiac  failure,  the  respirations  became  very 
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labored,  the  lips  and  extremities  became  cyanosed  and  rales  appeared  in  the  chest. 
It  seemed  as  if  the  infant  would  not  survive.  It  was  then  decided  to  use  digitalis, 
and  three  minims  of  Digalen  were  given  hypodermatically.  Even  this  one  dose 
seemed  to  improve  the  condition  so  that  it  was  prescribed  regularly  thereafter  by 
mouth. 

For  the  next  three  days  paroxysms  of  tachycardia  appeared  and  disappeared,  but 
the  signs  of  cardiac  failure  gradually  diminished  and  after  the  fourth  day  the  iofant 
appeared  well.    The  liver  receded  and  the  baby  went  on  to  complete  recovery. 

Due  to  the  fact  that  the  mother  (who  it  should  be  remembered  was  nursing  her 
baby)  smoked  cigarettes  to  great  excess,  it  was  thought  that  the  rapid  heart  rate  of 
the  infant  might  be  due  to  nicotine  poisoning  through  the  breast  milk.  Xursing  was 
stopped  and  the  breast  milk  was  examined  for  nicotine  by  Dr.  Robert  A.  Hatcher  of 
Cornell  University  Medical  College.  However,  the  withdrawal  of  the  breast  milk 
seemed  to  have  no  effect  and  no  trace  of  nicotine  could  be  detected  in  the  milk. 

The  tachycardia  lasted  for  about  four  days  and  then  completely  disappeared. 
The  patient  has  been  under  my  observation  ever  since  this  episode  and  has  been  a 
very  healthy  individual.    In  early  childhood  she  had  a  severe  attack  of  pertussis,  but 
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Fig.  1.  Supraventricular  tachycardia,  rate  300  beats  i>er  minute 
Probably  auricular  flutter  with  1 : 1  response 


no  trace  of  any  cardiac  signs  or  symptoms  made  their  appearance.  She  is  at  present 
sixteen  years  of  age  and  is  in  excellent  health. 

Case  2.  History.  (Adm.  347996).  Mortimer  G.  was  the  second  of  two  children. 
The  other  sibling  is  living  and  well.  Family  history  was  negative.  He  was  born  in 
a  hospital  December  19,  1932.  Full  term,  spontaneous  deli verj- and  easy  labor.  Xo 
cyanosis  or  convulsions.  Birth  weight  6  pounds  10  ounces.  Breast  fed  every  3 
hours.  Gaining  in  weight.  Weight  on  admission,  (January  16,  1933)  at  age  of  four 
weeks,  was  7  pounds  8  ounces.  For  the  first  three  weeks  of  life  the  baby  nursed  well 
and  seemed  perfectly  health}-.  However,  during  the  week  preceding  admission  the 
mother  noted  that  the  baby  became  pale  and  cyanotic  while  taking  water  from  a 
bottle.  Immediately  after  feeding  the  infant's  breathing  would  become  shallow. 
He  reacted  very  differently  to  breast  feeding.  Whereas  previoush'  he  had  taken  the 
breast  very  eagerh',  he  now  had  to  be  forced  to  feed  at  all.  There  was  no  history  of 
trauma,  no  twitching  or  convulsions.  There  was  no  vomiting  and  the  stools 
were  good. 

Examination.  The  fallowing  positive  findings  were  present :  an  ashy  gra\'  cyanosis 
of  the  face,  lips  and  finger  tips.  Respirations  were  rapid  and  gasping.  The  pulse 
was  imperceptible.    The  heart  rate  was  extreme!}'  rapid,  so  that  the  beats  could  only 
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be  counted  approximately  (rate  360  (?)).  The  apex  beat  was  felt  ditTiisely  in  the 
third  and  fourth  interspaces  just  beyond  the  nipple  line.  The  left  cardiac  border 
percussed  Ij  cm.  to  the  left  of  the  nipple  line :  the  right  border  was  at  the  right  sternal 
margin.  Sounds  were  of  fair  quality.  There  were  no  murmurs.  The  rate  was 
very  rapid  and  the  rhythm  was  regular.  The  lungs  showed  no  abnormalities.  The 
liver  edge  was  felt  4  cm.  below  the  costal  margin.    The  spleen  could  not  be  felt. 

Laboratory  data.  Hemoglobin,  86  percent:  red  blood  cells,  4,800,000;  white  blood 
cells,  1S,3(X);  polymorphonuclear  neutrophilcs,  25  per  cent:  lymphocytes,  34  percent; 
monocytes,  5  per  cent;  metamj'elocytes,  4  per  cent;  mj'elocytes,  2  per  cent.  Blood 
calcium  was  10.5  mg.  per  cent,  and  phosphorus  3.6  mg.  per  cent.  Except  for  a  trace 
of  albumin,  the  urine  was  normal.  The  temperature  was  subnormal.  An  electrocar- 
diogram taken  on  admission  showed  auricular  flutter  with  a  1 : 1  ratio  and  a  rate  of  310. 
Numerous  subsequent  electrocardiograms  revealed  auricular  flutter  (fig.  2).  Two 
of  them  taken  immediately  after  calcium  gluconate  injection  showed  sinus  rhythm 
with  rates  of  about  160  to  170. 

A  roentgenogram  of  the  chest  taken  January  21  was  reported  as  follows:  "Exam- 
ination of  the  chest  shows  a  shadow  in  the  right  cardiophrenic  angle  which  has  the 
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Fig.  2.  Auricular  flutter  with  1:1  response.    Hate  310  beats  per  minute 

appearance  of  an  infiltration.  There  is  an  area  which  is  suggestive  of  pneumothorax 
in  the  peripheral  part  of  the  right  chest.  There  is  a  suggestion  of  widening  of  the 
cardiac  shadow  on  the  left  side.  This  is  less  apparent  on  fluoroscopic  examination. 
It  cannot  be  definitely  stated  that  there  is  enlargement  present." 

Course.  During  the  nine  days  that  the  child  was  in  the  hospital  the  pulse  was  very 
rapid  most  of  the  time.  The  temperature,  subnormal  on  admission,  remained  normal 
with  the  exception  of  the  second,  fourth  and  fifth  days  when  it  rose  to  102. 5°F.  Cal- 
cium gluconate  was  given  intravenously  a  number  of  times  with  a  resulting  return  of 
sinus  rhythm  and  a  rate  of  160  which  persisted  for  two  hours,  but  the  tachycardia  kept 
recurring.  From  the  third  day  on  the  baby  was  given  digitalis.  At  times  the  child 
seemed  to  improve,  but  on  the  ninth  day  he  suddenly  became  very  cyanotic  and 
died  (January  25,  1933). 

Xecropsy  findings.  There  was  hypertrophy  and  dilatation  of  the  right  ventricle, 
hydrothorax  of  the  right  chest  (500  cc);  hydropcricardiuni  and  congestion  of  the 
viscera.  The  heart  valves  were  nomial  and  there  wore  no  congenital  malfoiTiiations. 
Unfortunately  the  heart  was  put  in  an  improper  fixing  solution  which  destroyed  the 
tissues  so  that  microscopic  study  was  impossible. 
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Case  3.  History  (Adm.  395311).  On  July  1, 1936  I  was  asked  to  see  baby  Carol  M. 
who  had  been  hurriedly  sent  to  The  Mount  Sinai  Hospital  with  the  following  history: 
She  was  aged  four  months  and  was  the  first  child  of  healthy  parents  and  had  been  in 
excellent  health  up  to  three  da.vs  before  admission.  The  first  indication  that  there 
was  anything  wrong  with  the  infant  was  on  June  29  when  she  vomited  several  times. 
The  following  day  she  was  seen  b\'  her  pediatrician.  Her  temperature  was  100. 5°F., 
respirations  40  per  minute.  Except  for  harsh  breathing  over  both  lungs,  no  ab- 
normalities were  noted.  The  baby's  pulse  rate  was  not  observed.  That  evening 
the  temperature  rose  to  102°F. 

On  July  1  at  10  A.M.,  when  again  seen  by  the  physician,  the  physical  findings  were 
unchanged.  The  color  was  good,  the  respirations  were  still  40  per  minute.  The 
abdomen  was  carefully  palpated  and  appeared  normal.    The  phj^sieian  told  the 
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Fig.  3.  Auricular  tachycardia  rate  210  beats  per  minute.    P  (auricular)  waves 

are  large 

mother  he  believed  the  condition  to  be  a  mild  infection  of  the  upper  respiratory  tract. 
At  1  P.M.  the  mother  noticed  that  the  child's  hands  and  feet  became  very  cold. 
Fifteen  minutes  later  the  baby  became  very  cyanotic  and  was  rushed  to  the  hospital. 

Examination.  When  seen  at  4  P.M.  the  infant  appeared  in  extremis.  The  salient 
features  of  the  physical  examination  were  as  follows:  The  lips  and  extremities  were 
deeply  cyanosed.  The  respirations  were  extremely  rapid  and  noisy.  The  pulse 
could  not  be  felt.  The  skin  was  cold  and  clammy.  The  temperature  was  normal. 
Loud  coarse  rales  were  present  over  both  chests  and  the  respirations  were  so  noisy 
that  proper  auscultatory  examination  was  impossible.  The  heart  sounds  were  not 
audible  due  to  the  noisy  type  of  respiration.  The  abdomen  was  somewhat  distended 
and  the  liver  edge  was  felt  about  at  the  level  of  the  umbilicus. 

Course.  These  findings,  especially  the  enlarged  liver,  suggested  cardiac  failure 
rather  than  pulmonary  infection.    Of  particular  importance  were  the  absence  of 
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fever  and  the  great  enlargement  of  the  liver  which  the  physician  assured  me  had  not 
been  present  six  hours  previously.  Paroxysmal  tachj'cardia  was  suspected  and  an 
electrocardiogram  and  roentgenogram  ordered.  Stimulants,  digitalis  and  oxygen 
were  administered,  but  in  spite  of  treatment  the  infant  expired  late  that  afternoon. 

The  roentgenogram  was  reported  as  follows:  "Examination  of  the  chest  shows 
no  definite  abnormality  of  the  lungs.  However,  since  the  examination  was  made  at 
the  bedside  and  there  is  considerable  exaggeration  in  the  size  of  the  heart,  it  is  prob- 
able that  a  process  might  be  obscured  on  the  loft  side." 

The  electrocardiogram  was  reported  as  showing  "supra-ventricular  paroxysmal 
tachycardia,  rate  210,  probably  arising  in  the  auricle"  (fig.  3). 

DISCUSSION 

These  three  cases  resemble  each  other  in  that  they  are  all  examples  of 
extreme  tachycardia  occurring  in  very  early  infancy.  In  two  of  the  infants 
the  condition  was  first  noted  at  the  age  of  three  weeks,  in  the  third  at  the 
age  of  four  months.    One  infant  recovered,  two  died. 

Under  the  title  of  paroxysmal  tachycardia  or  auricular  flutter,  cases  of 
this  kind  have  appeared  in  the  literature  from  time  to  time  since  the  first 
case  was  reported  by  Werley  in  1925.  The  latest  and  most  complete 
article  on  the  subject  is  by  John  P.  Hubbard,  who  reports  nine  cases  of 
paroxysmal  tachycardia  in  infants  under  one  year  of  age.  The  fact  that 
six  of  these  nine  cases  were  encountered  during  one  year  prompts  this 
author  to  suggest  that  these  "cases  may  occur  more  often  in  the  early 
months  of  life  than  has  heretofore  been  recognized."  From  the  literature 
he  was  able  to  collect  only  nineteen  proven  cases.  At  The  Mount  Sinai 
Hospital  only  two  cases  have  been  recorded  which  are  included  in  the  three 
reported  here.  It  is  true  that  there  is  no  obstetric  service  at  this  hospital 
and  that,  therefore,  the  number  of  newborn  infants  is  limited,  yet  if  the 
condition  were  not  uncommon  one  would  expect  at  least  an  occasional  case 
to  have  been  admitted. 

Apparently  if  paroxysmal  tachycardia  attacks  the  infant  during  its  first 
year  it  is  more  likely  to  be  during  the  first  few  weeks  of  life,  for  of  the 
thirty-one  cases  of  which  we  now  have  records,  twentj^-two  were  aged  one 
month  or  less  at  the  onset  of  the  disease.  No  known  cause  for  this  .syn- 
drome has  been  discovered  and  the  condition  in  many  of  the  cases  is  first 
noted  when  symptoms  of  congestive  failure  make  their  appearance.  Occa- 
sionally the  rapid  pulse  is  accidentally  discovered  in  an  apparently  healthy 
infant  as  in  one  of  Hubbard's  cases,  in  which  the  tachycardia  was  found  on 
a  routine  examination  for  discharge  from  the  obstetric  hospital.  I  was 
asked  to  see  all  three  cases  here  reported  because  there  had  been  evidence 
that  the  babies  were  ill.  All  of  the  patients  had  vomited.  In  all  there  was 
a  pallor  and  refusal  to  take  food.  In  all  a  very  striking  feature  was  a 
marked  enlargement  of  the  li\'er.  In  fact  the  diagnosis  in  Case  3  .suggested 
itself  because  of  the  rapid  development  of  hepatomegaly.  It  may  be  noted 
that  in  this  case  a  physician  had  careful)}'  examined  the  abdomen  at  the 
onset  of  the  illness  and  had  failed  to  find  enlargement  of  the  liver.  Twenty- 
four  hours  later,  when  I  first  saw  the  infant,  the  liver  was  found  to  have 


362 


MURRAY  H.  BASS 


reached  almost  down  to  the  crest  of  the  ilium.  Since  the  noisj'  respiratioas, 
due  to  pulmonary  edema,  completely  obscured  the  cardiac  sounds  and  since 
the  pulse  could  not  be  palpated,  severe  cardiac  failure  was  diagnosed.  In 
the  absence  of  fever  and  in  the  absence  of  history  of  a  previous  illne.ss,  sud- 
den congestive  failure  in  a  young  infant  is  extremely  rare.  An  electro- 
cardiogram was  ordered  because  of  the  possibility  that  paroxvsmal 
tachycardia  might  be  present.  It  is,  therefore,  important  to  keep  in  mind 
the  fact  that  congestive  failure  in  a  young  infant  may  be  due  to  this  dis- 
turbance of  cardiac  rate. 

In  both  Case  1  and  Case  2  the  tachycardia  responded  to  medication. 
Case  1  was  definitely  saved  by  digitalization.  However,  even  after  the 
drug  was  administered  and  the  heart  rate  fell  and  a  sinus  rhythm  was 
reestablished,  the  tachycardia  would  reassert  itself  and  continue  for  many 
hours.  Finally,  however,  after  three  days  the  heart  rate  became  normal 
and  remained  so. 

In  Case  2  calcium  gluconate  injections  reduced  the  rate  for  several  hours, 
but  the  flutter  always  returned.  Of  interest  is  the  fact  that  injection  of 
normal  saline  solution  accomplished  the  same  thing,  although  sinus  rhythm 
continued  for  l)ut  a  few  minutes.  Large  doses  of  digitalis  failed  to  save 
this  infant. 

In  Case  3  evidence  of  the  disease  apparently  first  appeared  at  the  age  of 
four  months  and  the  attack  was  so  violent  that  death  ensued  in  three  days. 
As  no  autopsy  was  obtained  in  this  infant,  it  is  possible  that  some  pre- 
existing cardiac  anomaly  may  have  been  present  (congenital  hypertrophy?) . 

The  article  by  Hubbard,  referred  to  above,  so  thoroughly  covers  the  sub- 
ject of  paroxysmal  tachycardia  in  young  infants  that  it  seems  unnece.ssary 
to  go  into  great  detail  here,  and  only  a  brief  resume  of  the  .salient  features 
of  the  illness  will  be  presented. 

The  exact  cause  of  paroxj^smal  tachycardia  in  the  very  young  infant  is 
not  known.  There  do,  however,  seem  to  be  two  types  of  the  dlsea.se,  one 
in  which  the  cardiac  irregularity  appears  quite  spontaneously  Avithout  any 
discernible  cause  and  the  other  in  which  it  is  secondary  to  some  definite 
ascertainable  pathology,  i.e.  rhabdomyoma  of  the  conduction  system  (Weg- 
man  and  Egbert),  idiopathic  cardiac  hypertrophy  (Powers  and  LeCompte), 
meningitis  or  encephalitis  (von  Bernuth).  Case  1,  here  pre.sented,  clearly 
belongs  to  the  fii-st  group  as  does  in  all  probability  Ca.se  2.  In  thl^  group 
one  must  postulate  some  neuromuscular  disturbance  similar  to  what  we 
see  in  cardiospasm  or  pylorospasm.  One  can  conceive  a  temporary  diffi- 
culty in  the  complicated  neuromuscular  mechanism  of  the  heart  beat,  a 
so-called  functional  disturbance.  This  immediate  disturbance  can  be 
remedied  by  digitalis,  after  which  the  heart  returns  to  its  normal  rhythm 
and  the  functional  difficulty  remains  permanently  corrected.  Neither  the 
type  of  labor  nor  the  health  of  the  mother  during  pregnancy  appears  to  have 
any  bearing  on  the  occurrence  of  tachycardia  in  the  infant.  The  occur- 
rence of  disturbed  cardiac  rhythm  in  tetany  led  us  to  suspect  the  po.^sibility 
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of  ahiioniial  calcium  metabolism;  however,  the  calcium  and  phosphorus 
determinations  in  my  secontl  case  resulted  in  normal  Hndings,  and  the  ad- 
ministration of  calcium  did  not  bring  about  any  lasting  beneficial  results. 
In  my  first  case  nicotine  was  suspected,  but  no  incriminating  evidence 
could  be  produced.  This  group  may  well  be  termed  "idiopathic"  in  the 
sense  that  the  disease  is  due  to  a  temporary  functional  disturbance  of  un- 
discoverable  origin  in  the  cardiac  mechanism.  The  symjitomatolog^'  is 
rather  characteristic,  the  most  important  complaints  being  cyanosis, 
vomiting,  dyspnea,  anorexia,  and  restlessness.  On  examination  not  only 
is  the  tacliycardia  striking  l)ut  the  unexpected  finding  of  great  enlargement 
of  the  liver  is  characteristic.  Tlic  heart  rate  may  l)c  veiy  rapid,  a  rate  of 
464  being  recorded  in  one  case  (Sherman  and  Schless);  as  a  rule,  however, 
it  runs  between  250  and  300  beats  per  minute.  The  beats  are  quite  regular 
and  the  I'apid  rate  may  be  maintained  for  many  hours  at  a  time.  For  no 
known  reason  the  attack  may  subside  for  a  short  time  to  recur  without  any 
ascertainable  cause.  In  adults  paroxysmal  tachycardia  is  usually  accom- 
panied by  some  degree  of  block;  the  rapid  l)cats  aiising  in  a  focus  in  the 
auricle  are  not  all  transmitted  to  the  ventricle  so  that,  for  example,  the 
auricle  may  beat  twice  as  fast  as  the  ventricle.  In  the  young  infant,  how- 
ever, the  ventricle  is  able  to  keep  pace  with  the  auricle  and  we  often  see 
flutter  with  a  1 : 1  ratio,  even  when  the  rate  is  250  or  more  Ijeats  per  minute, 
as  in  Case  1  here  recorded. 

The  treatment  of  this  condition  consists  cliicfiy  in  the  administration  of 
digitalis.  The  9  cases  reported  by  Hubbard  all  recovered,  1  without  any 
treatment,  the  others  after  receiving  digitalis  th(>rapy.  He  recommends 
0.05  to  0.1  gm.  digifoline  as  the  proper  dose,  to  be  given  intramuscularly. 
His  cases  received  up  to  0.3  gm.  in  one  day.  My  first  case  recovered  with 
this  form  of  therapy.  'Sly  second  case  received  calcium  gluconate  for  one 
day  and  then  was  given  digitalis,  but  failed  to  icspond.  My  third  case 
received  digitalis  as  soon  as  I  saw  it,  but  as  it  was  already  in  extremis, 
neither  this  drug,  coramine,  nor  immediate  oxygen  therapy  were  of  avail. 
(Quinine  and  (juinidine  have  been  us(>d  with  no  particular  results.  In  all 
my  ca.ses  pressure  on  the  eye-balls  or  on  the  neck  over  the  carotid  sinus 
proved  valueless.  Hubbard  tried  mecholyl  in  one  case  with  a  severe  reaction 
necessitating  intravenous  atropine.    It  failed  to  relieve  the  paroxysm. 

The  progno.sis  of  the  disease  appears  to  be  fairly  good.  Of  the  31  proven 
cases,  7  died  and  24  recovered.  My  third  case  can  be  said  to  have  received 
no  treatment,  since  the  condition  was  recognized  too  late.  Case  2  died  in 
spite  of  vigorous  treatment  though  the  administration  of  digitalis  was 
delayed  two  days.  Digitalis  saved  Case  1.  It  is  of  consideral)le  interest 
to  note  that  it  has  been  possible  to  follow  up  closely  the  infant  here  reported 
as  Case  1.  This  child  has  remained  perfectly  well,  has  been  followed  for 
fifteen  years  and  has  had  no  recurrence  of  any  cardiac  symptoms.  This  is 
the  first  case  that  I  can  find  recorded  which  has  been  followed  for  so  long 
a  time. 

(Bibliography  in  published  in  the  reprints) 
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Probably  because  of  its  assumed  rarity,  the  association  of  pericarditis 
and  subacute  bacterial  endocarditis  has  received  but  scant  attention  in  the 
literature.  Some  commendable  works  on  subacute  bacterial  endocarditis 
do  not  even  mention  it;  others  refer  to  it  very  briefly.  Libman  (1)  was  of 
the  opinion  that:  "In  subacute  bacterial  endocarditis,  pericarditis  is  not 
part  of  the  clinical  picture.  It  might  very  well  occur  as  the  result  of  pneu- 
monia or  some  other  complication,  or  it  might  represent  a  mixed  infection 
with  rheumatic  fever."  Ten  years  later  he  again  said  (2),  "Acute  peri- 
carditis is  not  found  in  this  disease  except  when  due  to  intercurrent  pneu- 
monia, renal  insufficiency,  and  still  more  rarely  to  embolic  subpericardial 
lesions  in  the  myocardium."  Horder  (3),  in  his  Lumlelian  Lectures,  dis- 
cussed the  entire  subject,  but  made  no  mention  of  pericarditis  in  this 
disease,  although  in  a  previous  communication  (4)  he  stated  that  the 
presence  of  pericarditis  was  a  point  in  favor  of  rheumatic  fever  in  the  differ- 
ential diagnosis  of  the  two  diseases.  Sir  Thomas  Lewis  (5),  reporting  on  a 
special  study  of  the  occurrence  of  subacute  bacterial  endocarditis  with 
bicuspid  aortic  valves  made  no  mention  of  the  incidence  of  pericarditis. 
But  Blumer  (6)  said,  "The  pericardium  does  not  as  a  rule  .show  marked 
lesions.  Obliteration  of  the  pericardial  sac  is  recorded  in  3.3  per  cent  of  the 
autopsies,  and  an  equal  percentage  shows  varjdng  degrees  of  hydroperi- 
cardium.  Acute  or  subacute  pericarditis  was  noted  in  4.6  per  cent  of  the 
records."  Parkes-Weber  (7)  in  1913  described  a  case  in  which  pericarditis 
with  serous  effusion  was  found  at  autops3^  Vegetations  were  present  on 
the  mitral  and  aortic  valves. 

In  a  total  of  2000  consecutive  autopsies  at  The  Mount  Sinai  Hospital 
(from  1933  to  date)  there  were  found  43  cases  of  subacute  bacterial  endo- 
carditis, 8  of  which  (about  16  per  cent)  showed  some  form  of  pericar- 
ditis. A  review  of  these  eight  cases  and  others  mentioned  in  the  literature 
suggests  that  each  falls  into  one  of  the  following  three  groups  as  regards  its 
etiology  and  pathologj'. 

1)  The  pericarditis  may  be  purely  "rheumatic" — the  rheumatic  lesions 
being  old  or  f  re.sh,  and  entirely  confined  to  the  heart  structures  or  existing  as 
part  of  a  more  or  less  clinically  typical  case  of  rheumatic  fever.  The  peri- 
carditis is  usually  acute  or  subacute  and  evidenced  hy  a  serous  effusion,  or 
the  familiar  fibrinous  shaggy  heart.  With  this  may  be  present  an  old,  in- 
active process  represented  hy  white  fibrous  patches  or  a  partial  obliteration 
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of  the  pericardial  sac.  It  may  be  added  that  geiierall.y  the  diagnosis  is  not 
made  during  hfe  because  unsuspected,  unless  the  case  has  been  under  ob- 
servation during  the  active  rheumatic  phase  and  before  the  advent  of  the 
subacute  bacterial  endocarditis.  Bacteriological  studies  of  the  fluid  and 
pericardial  tissues  are,  as  usual,  negative. 

2)  The  pericarditis  may  be  due  to  lesions  arising  from  the  subacute  bac- 
terial endocarditis,  any  rheumatic  elements  being  absent  or  definitely  old 
and  inactive.  In  this  group  the  pericarditis  is  ahvaj's  acute  and  coupled 
with  an  effusion  which  may  become  very  large.  Bacteriologic  studies  often 
show  the  streptococcus  viridans. 

3)  In  this  group  the  lesions  of  both  the  first  and  second  groups  may  be, 
and  often  are,  found.  Those  due  to  the  subacute  bacterial  endocarditis  are 
responsible  for  the  acute  elements  in  the  picture.  The  severity  and  extent 
of  the  existing  rheumatic  pericarditis  varies  considerably,  and,  if  it  is  an  old 
process  with  adhesions  of  an  obliterating  nature,  it  wall  limit  the  amount 
and  extent  of  the  effusion  that  may  arise  subsequent  to  the  development  of 
the  lesions  of  subacute  bacterial  endocarditis.  The  pi-esence  of  this  effusion 
may  remain  unrecognized  and  its  various  manife\statioas  become  merged 
with  or  confused  in  the  existing  clinical  picture,  particularly  if  superim- 
posed on  an  active  rheumatic  pericarditis  with  effusion  already  present. 

There  are  two  varieties  of  pericarditis  which  do  not  belong  in  this  dis- 
cussion, as  already  noted  by  Libman:  the  one  due  to  direct  extension  from 
an  adjacent  pneumonia  or  pleurisy,  with  varied  bacteriology;  the  other 
that  seen  in  the  terminal  uremia  resulting  from  the  glomerular  lesions  of  the 
"healed"  cases. 

The  pathogenesis  of  the  pericarditis  from  lesions  due  to  subacute  bacterial 
endocarditis  is  based  on  several  factors  which,  in  the  order  of  frequency,  are 
as  follows: 

a)  An  intimal  lesion  in  a  sinus  of  Valsalva  which  erodes  the  wall  of  the 
aorta  and  finally,  by  extension  of  the  inflammatory  process  or  by  actual 
perforation  of  the  ventricular  wall,  which  is  here  very  thin,  reaches  the 
pericardial  sac  surrounding  the  base  of  the  aorta  through  the  pericardial 
wedge.  The  site  of  this  lesion  in  the  aorta  is  an  area  subject  to  stress  and 
strain  during  both  the  systolic  and  diastolic  phases  of  the  heart's  action. 
It  is  predisposed  to  trauma  and  bacterial  implantation,  favoring  dilatation, 
inflammatory  extension  and  hindering  the  healing  process.  This  explana- 
tion was  suggested  by  Gross  and  Fried  (8).    Such  a  lesion  is  seen  in  figure  1. 

b)  A  small  subepicardial  area  of  focal  myocarditis  with  extension  or  rup- 
ture into  the  pericardial  sac.  Such  areas  have  been  shown  to  result  from 
the  occlusion  of  minor  branches  of  the  coronary  arteries  by  bacteria-laden 
emboli  broken  from  the  vegetations.  Perry  (9)  in  this  connection  con- 
sidered the  cellular  foci  found  in  the  myocardium  as  almost  certainly  em- 
bolic in  origin,  de  Xavasquez  (10)  was  of  the  same  opinion  and  felt  that 
not  only  are  the  obvious  vascular  lesions  embolic  (fig.  2)  but  also  the  ap- 
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parently  extra-vascular  ones,  (consisting  of  foci  of  leucocytes  with  or  with- 
out necrosis  of  the  parenchyma),  because  so  often  it  was  possible  to  find 
traces  of  a  more  or  less  necrotic  vessel  wall  in  the  center  of  such  an  area. 
Furthermore,  it  can  frequently  be  demonstrated  in  serial  sections  that  these 


Fig.  1.  (Case  2.)  A  shows  intimal  lesion  on  the  edge  of  a  large  mj'cotic  aneurysm 
at  base  of  aorta,  the  necrosis  extending  through  the  aortic  wall  and  pericardial 
wedge.    B,  pericarditis. 


Fig.  2.  Myocardial  lesion  consisting  of  a  fragment  of  vegetation  in  an  arteriole 
surrounded  by  a  cellular  reaction.    \'cssel  wall  is  necrotic  (After  de  Xavasquez). 

areas  surround  arterioles  and  capillaries  which  are  visible  above  and  below 
the  level  of  the  lesion  (fig.  3) .  He  showed  also  that  the  shape,  structure  and 
staining  properties  of  the  intravascular  masses  suggest  that  they  are  frag- 
ments of  vegetations  embolized  into  coronary  branches  with  a  resulting  in- 
flammation or  necrosis  of  the  vessel  wall.    When  foimd,  the  bacteria  in 
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these  occkuiing  masses  were  shown  to  be  siniihir  to  tliose  grown  from  the 
xegetations.  Bacteria  were  not  demonstrable  in  all  the  eml)oli,  though 
structurally  these  were  recognizabl(>  as  f  ragments  of  vegetations.  It  is 
not  improbable,  he  said,  that  though  not  e\  ident  in  sections,  bacteria  were 
present  originally  and  then  destroyed  in  tlie  subsequent  tissue  reaction. 
As  is  known,  these  lesions  show  a  marked  tendency  to  heal.  Incidentally, 
he  statetl  that  because  of  its  ambiguity  and  uncertainty  of  oi-igin  and  defini- 
tion the  term  Bracht-Wachter  body  should  be  dropped. 

Sajyhir  (11)  in  describing  the  myocardial  lesions  in  35  cases  of  subacute 
bacterial  endocarditis  also  mentioned  the  tiny  infarcts  and  the  perivascular 
cellular  infiltrations.  He  cited  five  cases  in  which  bacteria  were  found  in 
the  emboli  and  one  case  in  which  a  fragment  of  \"egetation  was  definitely 
recognized  as  an  embolus.  The  small  abscesses  .seen  in  the  myocardium 
were  considered  to  be  the  result  of  bacterial  emboli  in  minute  ves.sels. 


Fig.  3.  Myocardium  showing  a  focus  of  polj-nuclear  infiltration.  .Although  no 
vessel  is  visible,  studies  of  serial  sections  showed  the  relation  of  this  focus  to  an 
embolized  vessel  (After  do  Xavsquez). 

c)  Rupture  or  inflammatory  extension  through  the  epicardium  of  a  gross 
mj-cotic  aneurysm  of  a  coronary  artery  or  one  of  its  larger  branches.  The 
results  here  are  obvious. 

d)  Involvement  of  a  coronary  ostium  by  vegetations  and/or  the  occlusion 
of  a  main  coronary  artery  or  one  of  its  larger  branches  by  an  infected  em- 
bolus.   This  initiates  a  process  such  as  is  described  under  b. 

The  comparative  rarity  of  rheumatic  pericarditis  in  subacute  bacterial 
endocarditis  may  divert  attention  from  the  real  frequency  of  the  latter 's 
association  with  rheumatic  fever  in  one  or  another  of  its  manifestations, 
particularly  endocardial  and  myocardial.  Libman  in  1913  reported  a  case 
in  which  the  heart  showed  fresh  lesions  of  active  rheumatic  fever  and  the 
typical  verrucae  of  subacute  bacterial  endocarditis.  Leary  (12)  reported  a 
similar  case  in  1932.  Blumer  made  the  statement  that  50  per  cent  of 
patients  with  subacute  bacterial  endocarditis  gave  a  history  of  rheumatic 
fever,  chorea,  or  tonsillitis.    Thaver  (13)  stated  that  in  his  .series,  subacute 
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bacterial  endocarditis  had  developed  on  a  valve  with  old  rheumatic  lesions 
and  that  65  per  cent  of  these  patients  gave  a  history  of  rheumatic  fever. 
White  (14)  recorded  that  4  per  cent  of  patients  with  rheumatic  cardiac 
disease  subsequently  die  of  subacute  bacterial  endocarditis. 

Most  frequent  and  important,  however,  are  the  reports  of  extended 
histopathological  studies  showing  in  a  large  proportion  of  cases  of  subacute 
bacterial  endocarditis  the  presence  of  valvular  and  myocardial  lesions 
characteristic  of  rheumatic  fever.  They  are  found  in  all  stages  varying 
from  acute  to  healed. ,  So  frequent  is  this  relationship  and  so  disseminated 
are  these  rheumatic  lesions  that  some  writers  have  come  to  believe  that  the 
two  conditions — rheumatic  fever  and  subacute  bacterial  endocarditis — are 
manifestations  of  the  same  disease,  differing  onlj-  in  age,  severity,  etc. 
Clawson  and  Bell  (16)  expressed  this  point  of  view.  Other  observers  have 
even  suggested  a  common  bacterial  origin  for  them.  Most  recent  workere, 
however,  disagree  entirely  with  both  ideas.  Thej^  recall  the  readiness  with 
which  a  recent  rheumatic  fever,  or  one  so  long  quiescent  as  to  be  considered 
healed,  will  flare  up  in  the  course  of  an  intercurrent  infection.  They  in- 
dicate only  the  extremely  frequent  association  of  the  two  conditions  and 
emphasize  the  implantation  of  the  streptococcus  viridans  infection  on 
valvular  and  mural  endocardium  damaged  by  the  rheumatic  fever. 

Saphir  and  Wile  (15)  reported  ten  cases  of  .subacute  bacterial  endocarditis 
in  patients  five  to  nineteen  years  of  age  who  had  been  under  observation 
since  early  childhood.  All  had  a  history  of  a  preceding  rheumatic  infection, 
and  all  the  hearts  showed  healed  rheumatic  lesions.  They  believe  that  the 
two  conditions  are  etiologically  unrelated  except  in  so  far  as  a  valve  dam- 
aged by  rheumatic  fever  is  predisposed  to  the  development  of  the  other 
infection  on  it.  Von  Glahn  and  Pappenheimer  (17)  are  of  the  opinion  that 
the  implantation  usually  takes  place  onto  unhealed,  recent  rheumatic 
vegetations.  To  substantiate  their  belief  in  this  transition,  they  found 
bacteria-free  vegetations  with  the  histologic  picture  characteristic  of  active 
rheumatic  fever  in  every  one  of  their  series  of  26  cases  of  subacute  bacterial 
endocarditis.  In  24  of  these  the  verrucae  of  subacute  bacterial  endo- 
carditis and  the  rheumatic  vegetations  were  on  the  same  valves,  as  in  the 
cases  described  by  Libman  and  Leary.  In  many  instances  verrucae 
histologically  indistinguishable  from  rheumatic  fever  vegetations  showed 
colonies  of  bacteria  in  their  superficial  areas.  Gross  and  Fried,  (8b)  in 
30  out  of  42  cases,  showed  the  verrucae  of  subacute  bacterial  endocarditis 
were  formed  on  existing  rheumatic  lesions. 

Worthy  of  emphasis  is  the  fact  that  rheumatic  fever  may  be  active,  as 
evidenced  by  fresh  lesions  particularly  noticeable  on  the  valvular  endo- 
cardium, yet  its  manifestations  may  be  subclinical,  its  course  unrecognized, 
and  practically  chronic.  Furthermore,  the  disease  has  an  interesting  and 
frequent  association  with  subacute  bacterial  endocarditis. 

The  eight  cases  on  which  this  article  is  based  fall  roughh'  into  two  groups. 
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The  first  group  of  three  cases,  two  men  and  one  woman  between  the  ages  of 
thirty-five  and  rorty-fi\'e,  had  chronic  rheumatic  carcHovah'ular  disease  on 
which  sul)acute  bacterial  endocarditis  had  developed.  At  post-mortem 
examination  there  was  found  in  each  heart  an  active  serofibrinous  peri- 
carditis of  \  arving  extent,  with  a  moderately  increased  amount  of  clear  or 
turbid  fluitl.  In  addition,  one  case  showed  beginning  organization  of  the 
epicardial  exudate,  with  adhesions,  and  another  one  showed  large  patches  of 
dense,  white,  fibrous  pericardia!  thickening,  obviously  the  remains  of  a 
previous  process.  None  of  the  three  showed  any  aortic  intimal  lesions, 
penetrating  verrucae  at  the  ba.se  of  the  aorta,  or  any  of  the  small  subepi- 
cardial lesions  which  are  .seen  in  subacute  bacterial  endocarditis  and  which 
mark  the  second  group  of  cases.  Also,  in  none  of  the  hearts  were  there  any 
fresh  vegetations  which  would  indicate  an  active  rheumatic  fever.  Since 
no  other  of  the  usually  assignable  causes  for  the  pericarditis  were  found,  the 
assumption  is  made  that  it  was  secondary  to  an  unrecognized  rheumatic 
fever. 

The  second  group  comprises  the  other  five  cases.  (Abstracts  of  the 
histories  and  post-mortem  findings  are  appended.)  In  these  the  peri- 
carditis was  extensive,  with  a  serous,  turbid,  hemorrhagic  or  fibrinous  effu- 
sion, moderate  or  large  in  amount.  It  was  an  integral  part  of  the  pathology 
of  the  subacute  bacterial  endocarditis.  In  all  of  them  the  aorta  or  its  base 
was  involved  and  the  pericarditis  was  obviously  secondary  to  a  perforating 
lesion  of  the  aorta  or,  in  one  case,  of  an  embolized  coronary  vessel.  The 
process  underlying  the  subacute  bacterial  endocarditis  varied — in  two 
cases  it  had  developed  on  a  calcareous  aortic  valve,  in  one  on  a  congenitally 
deformed  aortic  valve,  in  another  on  old  sclerotic  valves,  and  in  the  last,  on 
a  patent  ductus  arteriosus. 

CASE  REPORTS 

Case  1.  History  (Adm.  451937).  M.  L.,  a  white  man,  aged  54  years,  was  in  good 
health  until  two  months  before  admission  to  the  hospital.  He  then  began  to  experi- 
ence transient  joint  pains,  easy  fatigue,  profuse  sweats,  and  dyspnea  on  exertion. 
He  lost  about  twenty  pounds  in  weight  and  developed  low  grade  fever. 

Examination:  The  chest  was  emphysematous.  The  lungs  were  clear.  The  heart 
was  enlarged  to  the  left  and  the  sounds  were  of  poor  quality.  There  was  a  coarse, 
rough  systolic  murmur  over  the  entire  precordium  and  a  rasping  over  the  aortic  area. 
There  was  no  thrill.  The  blood  pressure  was  90  systolic  and  60  diastolic.  The  liver 
edge  and  the  tip  of  the  spleen  were  palpable.  There  was  suggestive  clubbing  of  the 
fingers. 

Laboratory  data:  The  blood  showed  a  mild  secondary  anemia;  the  sedimentation 
time  was  fifteen  minutes.  The  blood  chemistry  was  normal .  The  blood  Wassermann 
reaction  was  negative.  The  urine  was  clear,  acid  and  had  a  faint  trace  of  albumin 
with  a  few  red  and  white  blood  cells  and  a  maximum  concentration  of  1010.  Repeated 
electrocardiograms  showed  changes  indicative  of  progressive  myocardial  damage  and 
later  of  an  interventricular  block. 

Course:  During  his  nine  weeks  in  the  hospital  various  diagnostic  procedures, 
including  agglutination  tests,  were  carried  out,  and  found  to  be  negative.  The 
physical  findings  suggested  the  possibility  of  subacute  bacterial  endocarditis  super- 
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imposed  on  a  calcific  aortic  stenosis.  Eight  blood  cultures  were  reported  negative 
and  there  were  no  cutaneous  embolic  phenomena.  During  the  fifth  week  in  the 
hospital  the  patient's  temperature  began  to  spike,  often  reaching  104 'F.  He  had 
severe  chills.  Precordial  pain  set  in,  with  a  definite  widening  of  the  area  of  cardiac 
dullness  above  and  the  development  of  a  coarse  leathery  friction  rub  over  the  entire 
precordium.  At  this  time  a  second  x-ray  examination  of  the  chest  showed  a  marked 
increase  in  the  size  of  the  cardiac  shadow  suggestive  of  a  pericardial  effusion.  The 
pericardium  was  tapped  anteriorly  and  40  cc.  of  bloody  fluid  were  readily  obtained. 
This  fluid  contained  innumerable  red  cells,  but  no  bacteria  on  smear  or  culture. 
Following  the  pericardial  tap  the  patient  appeared  more  comfortable,  having  experi- 
enced some  relief  from  dyspnea.  The  blood  pressure  was  now  80  systolic  and  60 
diastolic;  a  pulsus  paradoxicus  appeared.  As  it  seemed  possible  that  a  bacterial 
endocarditis  was  responsible  for  the  clinical  picture,  Sulfapj^ridine  was  then  ad- 
ministered. The  patient  stood  the  drug  poorly  and  it  was  stopped  after  two  weeks. 
Immediately  following  the  administration  of  the  drug  the  patient  became  afebrile 
for  four  days,  but  then  the  fever  returned  and  persisted  throughout  the  remainder 
of  the  clinical  course.  Because  of  increasing  dyspnea  and  poor  heart  sounds,  the 
pericardium  was  again  tapped  but  no  fluid  was  obtained.  The  blood  pressure  was 
70  sj'stolic;  diastolic  pressure  was  not  obtainable.  The  lungs  became  moist.  It  was 
suggested  that  shock  could  explain  sonie  of  the  clinical  features.  The  patient  died 
after  nine  weeks  in  the  hospital. 

Xecropsy  findings:  The  heart  was  markedly  enlarged  and  showed  the  lesions  of 
subacute  bacterial  endocarditis  superimposed  on  a  calcified  aortic  stenosis  with  an 
acquired  bicuspid  valve;  there  was  a  mycotic  aneurysm  of  the  right  coronary  arterj'. 
This  had  ruptured  and  led  to  the  formation  of  a  farge  mj'ocardial  hematoma  in  the 
wall  of  the  right  ventricle,  bulging  under  the  epicardiimi.  There  was  an  organizing 
hemorrhagic  pericarditis  with  obliteration  of  the  entire  pericardial  cavitj-;  viscera 
showed  chronic  passive  congestion  and  there  were  old  infarcts  in  the  spleen  and 
kidneys. 

Ca.se  2.  History  (Adm.  392167).  S.  L.,  a  white  man,  aged  53,  was  first  admitted 
to  the  hospital  in  1936.  He  gave  no  history  of  a  previous  rheumatic  condition.  For 
ayearhehad  experienced  increasing  dyspneaon  exertion.  A  tooth  was  extracted  six 
weeks  before  admission  and  two  weeks  later  he  developed  headache,  chilliness,  fever 
to  lOS'^F.,  and  night  sweats.  For  one  week  he  was  subject  to  migrating  poh"arthritis 
and  constant  precordial  pain. 

Examination:  The  patient  was  a  pale,  emaciated,  middle  aged  man.  The  heart 
was  enlarged  to  the  left;  a  rough  systolic  thrill  over  the  base  with  a  loud,  rasping 
systolic  bruit  over  the  aortic  area  and  a  loud  rough  systolic  murmur  at  the  apex  were 
present.  There  was  moderate  peripheral  sclerosis.  The  blood  pressure  was  90  sys- 
tolic and  60  diastolic.  Sedimentation  time  was  25  minutes.  A  blood  Wassermann 
reaction  and  urine  and  blood  chemistry  findings  were  all  negative.  X-ray  examina- 
tion of  the  chest  showed  a  general  enlargement  of  the  heart,  especially  of  the  left 
ventricle. 

Course:  The  patient  ran  a  febrile  course  for  four  weeks,  during  which  time  he  was 
given  large  doses  of  salicylates.  Various  joints  became  tender  and  swollen.  At 
one  time  there  was  a  transient  pericardial  friction  rub.  However,  fluoroscopy  gave 
no  evidence  of  a  pericardial  effusion.  Circulatory  studies  were  normal.  The  general 
condition  improved  and  for  two  weeks  before  discharge  he  was  afebrile.  Xo  blood 
cultures  were  taken  at  that  time.  A  slight  edema  of  the  lower  extremities  was  at- 
tributed to  hypoproteinemia  (3.9  per  cent)  which  had  not  been  modified  by  two  trans- 
fusions. He  was  discharged  from  the  hospital  with  the  diagnosis  of  recurring  acute 
rheumatic  fever  (in  spite  of  a  negative  history);  rheumatic  cardiovalvular  disease — 
mitral  and  aortic;  fibrinous  pericarditis;  hypoproteinemia. 
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The  patient  was  re-ailmitted  about  one  month  later  because  of  joint  pains,  sore- 
ness in  both  upper  abdominal  (luadrants,  and  occasional  chilliness.  There  was  no 
evidence  of  cardiac  failure.  The  heart  was  enlarged  as  previously.  In  addition  to 
the  murmur  previously  found,  a  faint  diastolic  murmur  was  now  audible  to  the  left 
of  the  sternum.  The  blood  pressure  was  90  systolic  and  60  diastolic.  He  ran  a 
moderate  fever,  and  showed  conjunctival  white  centered  petechiae.  The  spleen 
was  not  felt:  the  fingers  now  suggested  early  clubbing,  and  there  was  a  moderate 
secontlary  anemia  which  increased  progressively.  The  urine  showed  heavy  albumin, 
some  red  blood  cells,  antl  a  specific  gravity  of  approximately  1010.  The  blood  protein 
was  5.6  per  cent  and  later  dropped  to  4.4  per  cent ,  with  normal  partition.  Chemistry 
figures  were  normal.  An  electrocardiogram  showed  a  P-R  interval  of  0.3  second. 
Three  blood  cultures  were  negative.  The  diagnosis  of  subacute  bacterial  endo- 
carditis was,  nevertheless,  maintained.  When  the  temperature  became  irregular, 
at  times  reaching  105°F.,  it  could  be  brought  almost  to  normal  by  the  administration 
of  10  grains  of  Pyramidon  given  at  four  hour  intervals,  and  the  patient  could  thereby 
be  made  comfortable. 

During  the  course  of  the  illness  there  was  evidence  that  the  patient  was  developing 
a  focal  embolic  glomerulonephritis,  but  there  was  never  a  great  enough  degree  of 
kidney  insufficiency  to  suggest  a  uremic  cause  for  the  pericarditis.  There  was  one 
episode  suggesting  a  splenic  infarction.  A  blood  culture  taken  shortly  before  death 
showed  streptococcus  viridans. 

Xecropsy  findings:  The  pericardium  was  dull,  thickened  and  covered  with  fibrin. 
The  sac  contained  100  cc.  of  bloody  fluid.  The  aortic  valve  was  so  distorted  that 
the  cusps  could  not  be  distinguished  and  there  was  marked  thickening  and  calcifica- 
tion. The  sinuses  of  Valsalva  were  obliterated.  Thei'e  was  a  slit-like  stenosis, 
aggravated  by  large,  partially  calcified  vegetations.  The  ulcerating  process  had 
e.xtended  from  the  valve  to  the  base  of  the  aorta,  the  inner  coat  of  which  was  de- 
stroyed and  the  rest  of  the  wall  dilated  to  form  a  large,  eroded  aneurj'smal  sac,  meas- 
uring 4x3x3  cm.  (fig.  1).  The  base  of  this  cavity  was  the  fibrous  tissue  of  the 
pericardium .  The  infection  of  the  pericardial  sac  had  taken  place  by  direct  extension 
through  this  tissue.  Various  organs  showed  evidence  of  embolization;  multiple 
gross  infarcts  of  the  kidney  and  small  hemorrhagic  areas  which,  microscopically, 
were  focal  embolic  lesions.  The  pleural  cavities  contained  serosanguinous  fluid  and 
the  surfaces  were  covered  with  fibrinous  adhesions. 

Comment:  Xo  evidence  could  be  found  to  substantiate  the  diagnosis  of  pre-existent 
rheumatic  disease  in  the  heart.  No  conclusion  could  be  drawn  from  the  appearance 
of  the  aortic  valve.  The  mitral  valve  was  thin,  delicate,  and  showed  no  signs  of 
rheumatic  involvement.  The  chordae  tendinae  were  thin  and  the  insertions  normal. 
The  same  was  true  of  the  tricuspid  valve.  Xo  MacCallum  lesions  were  present  on 
the  auricular  endocardium.  Sections  of  the  myocardium  showed  no  Aschoff  bodies 
on  careful  study.  However,  small  embolic  areas  with  inflammatory  reaction  were 
seen.  The  aortic  valve  may  originally  have  been  a  bicuspid  one,  perhaps  the  seat 
of  arteriosclerotic  changes. 

As  has  been  noted  frequently,  the  tooth  extraction  may  have  served  as  the  pre- 
cipitating factor  in  the  development  of  the  subacute  bacterial  endocarditis. 

Case  3.  History  (Adm.  396485).  H.  W.,  a  white  man,  aged  24,  was  well  until 
seven  days  before  admission  to  the  hospital  when  he  developed  malaise,  fever, 
constipation  and  pain  in  the  lower  chest  anteriorly  on  deep  respiration.  The  only 
fact  of  significance  in  the  past  history  was  that  the  patient  had  been  told  some  years 
before  that  he  had  a  cardiac  murmur.  However,  he  had  been  able  to  play  college 
basketball  without  ill  effects.    He  never  had  any  rheumatic  manifestation. 

Examination:  A  well  developed,  well  nourished  young  man  who  appeared  to  be 
acutely  ill.    His  temperature  was  elevated,  ranging  between  101°F.  and  104°F. 
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There  were  no  petechiae.  The  lungs  were  negative.  The  heart  was  enlarged  and 
the  apex  was  displaced  downward;  a  systolic  and  diastolic  murmur  were  heard  at 
the  apex,  and  a  diastolic  munnur  at  the  base  and  to  the  left  of  the  sternum.  A2  was 
louder  than  P2.  The  pulse  was  regular.#The  blood  pressure  was  125  systolic  and 
85  diastolic.  The  liver  and  spleen  were  not  palpable  and  there  was  no  clubbing  of 
the  fingers. 

Laboratory  Data:  The  blood  study  showed  a  moderate  anemia,  and  a  white  blood 
cell  count  of  17,000  with  80  per  cent  polymorphonuclear  neutrophils;  the  sedimenta- 
tion time  was  12  minutes.  The  venous  pressure  was  10  cm.  The  urine  was  negative 
except  for  an  occasional  red  blood  cell.  The  blood  urea  nitrogen  was  14  mg.  per  cent. 
The  blood  Wassermann  reaction  was  negative.  Two  blood  cultures  were  reported 
positive  for  streptococcus  viridans,  with  about  20  colonies  per  cubic  centimeter. 
X-ray  examination  of  the  chest  showed  marked  enlargement  of  the  left  ventricle, 
and  a  diffuse  dilatation  of  the  aorta.  An  electrocardiogram  suggested  evidence  of 
acute  myocardial  or  pericardial  involvement. 

Course:  The  patient  had  a  stormy  course  until  his  death,  about  four  weeks  later. 
He  had  chills  every  two  or  three  days;  his  temperature  continued  to  spike  daily, 
rising  at  times  to  106°F. 

The  nature  of  the  patient's  illness  was  revealed  by  the  positive  blood  culture,  and 
the  most  probable  diagnosis  was  considered  to  be  subacute  bacterial  endocarditis 
superimposed  on  a  rheumatic  mitral  or  aortic  valve. 

Four  days  after  admission  he  developed  a  loud  scratchy  to-and-fro  pericardial 
friction  rub  at  the  apex.  Shortly  thereafter  it  was  noted  that  the  area  of  cardiac 
dullness  was  much  larger  than  on  the  previous  day.  X-ray  examination  confirmed 
the  impression  that  there  had  developed  a  large  pericardial  effusion.  Then  signs  of 
fluid  appeared  at  the  left  base.  As  the  patient's  condition  was  declining  rapidly  a 
pericardial  paracentesis  was  performed  by  a  posterior  approach.  It  yielded  200  cc. 
of  slightl}'  turbid  straw-colored  fluid,  specific  gravity  1016,  with  a  cell  count  of  2400, 
and  66  per  cent  h^mphocytes.  The  fluid  was  sterile  on  culture.  The  only  super- 
ficial embolic  phenomenon  was  a  bluish,  macular  eruption  on  the  lateral  sole  of  both 
feet.  At  no  time  was  the  spleen  felt.  Shortly  before  death  signs  of  fluid  were  noted 
at  both  bases.    The  patient  died  suddenly,  five  weeks  after  the  onset  of  his  illness. 

Necropsy  findings:  A  moderate  amount  of  clear,  serous  fluid  was  found  in  both 
pleural  cavities.  The  pericardial  sac  was  greatly  enlarged  and  contained  about 
500  cc.  of  serosanguinous  fluid.  The  opposing  surfaces  of  the  pericardium  were 
covered  by  a  thick,  shaggy  layer  of  fibrino-purulent  material  and  were  adherent  over 
part  of  the  base  of  the  left  ventricle  and  right  auricle.  The  left  ventricle  was  con- 
siderably dilated  and  its  wall  markedly  hypertrophied.  The  right  and  posterior 
portions  of  the  aortic  valve  formed  a  single  cusp,  the  posterior  area  of  which  was 
markedly  thickened  and  the  remainder  distorted  by  large  masses  of  vegetations. 
These  extended  into  the  space  between  the  base  of  the  aorta  and  the  cusp.  There 
was  an  aneurysmal  formation  of  the  base  of  the  aorta  extending  anteriorly  and 
reaching  the  epicardial  surface  at  the  base  of  the  left  ventricle.  The  left  aortic  cusp 
and  the  anterior  mitral  valve  were  involved,  but  to  a  lesser  extent.  Vegetations  were 
also  present  on  parts  of  the  ventricular  endomyocardium.  The  myocardium  of 
the  left  ventricle  for  a  short  distance  beneath  the  aneurysm  presented  a  necrotic, 
yellowish-brown  appearance.  The  ostium  of  the  left  coronary  artery  appeared  free, 
but  the  anterior  descending  branch  was  lost  for  a  short  distance  in  the  necrotic  area. 

On  microscopic  examination  there  were  small  scattered  areas  of  necrosis  and 
infiltration  with  polynuclear  cells  throughout  the  myocardium.  Many  of  the  small 
vessels  showed  periarterial  round  cell  infiltration.  A  culture  of  the  pericardial  fluid 
made  at  the  autopsy  showed  streptococcus  viridans  and  some  post  mortem  con- 
taminants. 


PEKICAKDITIS  AND  KN  DOCAUDITIS 


373 


Case  4-  Hislory  (Adm.  420296).  S.  X.,  a  white  man,  aged  65,  was  well  until  five 
weeks  before  he  entered  the  hospital,  when  ho  developed  malaise,  a  productive  cough, 
and  fever  and  was  told  that  he  had  bronchopneumonia.  Since  then  he  had  been 
in  bed  because  of  a  low  grade  fever  and  night  sweats.  On  the  day  of  admission  to 
the  hospital  his  entire  right  leg  suddenly  became  white,  cold,  and  completely  numb, 
without  preliminary  pain.  He  had  marked  tenderness  in  the  right  groin.  There 
had  been  no  previous  cardiac  symptoms,  and  no  history  of  syphilis  or  rheumatic  fever. 

Examination:  The  patient  looked  acutely  ill  but  complained  only  about  his  right 
leg.  He  had  a  generalized  arteriosclerosis,  including  the  retinal  vessels.  The  per- 
cussion outline  of  the  heart  was  large  and  the  sounds  were  of  poor  quality,  with  a 
diastolic  murmur  at  the  base  and  a  harsh  systolic  sound  at  the  apex.  The  spleen  was 
palpable.  The  condition  of  the  right  leg  indicated  a  femoral  arterj'  occlusion  just 
below  the  inguinal  fold,  with  oscillometric  readings  almost  at  0.  The  blood  pressure 
was  100  systolic  and  40  diastolic. 

Laboratory  Data:  The  blood  findings  were  not  significant  except  for  2.5  per  cent 
macrophages  and  a  sedimentation  time  of  30  minutes ;  the  blood  Wassermann  reaction 
was  negative.  The  urine  contained  a  faint  trace  of  albumin,  an  occasional  hyaline 
cast,  and  a  few  red  blood  cells.  A  blood  culture  was  positive  for  streptococcus 
viridans,  with  30  colonies  per  cubic  centimeter. 

Course:  The  patient's  condition  became  steadily  worse  and  he  died  one  week  after 
admission. 

In  view  of  the  man's  age  and  the  arteriosclerosis  it  was  striking  to  note  how 
rapidly  a  collateral  circulation  had  developed  in  the  affected  leg. 

The  patient,  his  history  negative  for  syphilis  and  rheumatism,  was  believed  to 
have  developed  subacute  bacterial  endocarditis  on  an  old  arteriosclerotic  aortic 
valve.    This  was  the  source  of  the  embolus  which  lodged  in  the  right  femoral  artery. 

Necropsy  findings:  The  pericardial  sac  contained  a  normal  amount  of  clear  fluid 
but  there  were  fresh  fibrinous  adhesions  covering  the  epicardium  around  the  base  of 
the  great  vessels.  The  heart  was  large  and  both  ventricles  were  moderately  hyper- 
trophied.  The  mitral  valve  showed  arteriosclerotic  thickening  and  some  small  flat 
excrescences  on  its  line  of  closure.  On  the  endocardium  just  below  the  aortic  cusps 
there  were  large  verrucae  which  extended  up  over  the  aortic  leaflets,  the  posterior 
of  which  was  almost  destroyed.  There  were  vegetations  in  the  sinuses  of  Valsalva 
with  a  small  aneurysmal  dilatation  of  the  posterior  sinus  extending  to  the  epicardium. 
The  aorta  and  both  coronary  arteries  showed  marked  sclerosis  as  did  both  common 
iliacs.  An  embolus  was  found  in  the  right  external  iliac  artery.  ^Microscopically 
there  were  numerous  focal  areas  of  acute  myocarditis  and  myomalacia,  and  areas  of 
destruction  of  the  intima  and  underh'ing  tissue  at  the  base  of  the  aorta.  Bacteria 
were  present  in  many  of  the  vegetations. 

Case  5.  History  (Adm.  412490).  B.  G.,  a  white  woman,  aged  36,  was  known  to 
have  had  a  cardiac  murmur  since  her  infancy.  She  was  apparently  well  until  nine 
months  before  her  admission  to  the  hospital,  when  she  experienced  the  onset  of 
irregular  fever,  progressive  weakness,  marked  perspiration,  and  vague  generalized 
pains.  One  month  before  admission  to  the  hospital  she  was  treated  for  pneumonia 
at  another  institution.  Since  that  time  she  had  developed  marked  dyspnea  and 
palpitation. 

Examination:  The  patient  was  thin  and  sallow,  and  had  a  small  petechia  in  the 
left  conjunctiva  and  another  on  the  soft  palate.  There  was  a  small  hemorrhage  in 
the  right  fundus.  Dullness,  broncho-vesicular  breathing  and  rales  were  found  at 
both  bases.  The  heart  was  uniformly  enlarged.  A  loud,  rough  systolic  murmur 
and  a  thrill  were  present  over  the  entire  precordium,  and  a  soft  diastolic  blow  was 
heard  at  the  base.    The  pulses  were  equal,  regular  and  Corrigan  in  type.    The  blood 
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pressure  was  150  systolic  and  20  diastolic,  with  a  pistol-shot  and  a  positive  Duroziez 
sign  over  the  femoral  arteries.  The  liver  edge  was  palpable  and  somewhat  tender, 
and  there  were  signs  of  some  fluid  in  the  abdomen  and  a  moderate  pre-sacral  edema. 

Laboratory  data:  The  blood  studies  showed  a  severe  secondary  anemia,  a  sedi- 
mentation time  of  11  minutes,  and  a  negative  Wassermann  reaction.  Circulation 
studies  suggested  some  cardiac  weakness.  Kidney  function  was  normal.  X-ray 
examination  of  the  chest  showed  considerable  enlargement  of  the  heart,  particularly 
of  the  left  auricle,  and  diffuse  congestion  of  the  lungs.  The  electrocardiogram  indi- 
cated a  left  ventricular  preponderance  and  hypertrophj-  of  the  auricles.  Two  blood 
cultures  were  reported  positive  for  streptococcus  viridans. 

Course:  The  presence  of  subacute  bacterial  endocarditis  was  obvious,  but  the 
nature  of  the  cardiac  lesion,  apparently  present  since  birth  and  the  cause  of  the  loud 
precordial  murmur  and  the  signs  of  marked  aortic  insufficiency  without  cyanosis, 
was  uncertain.  The  patient  gradually  lapsed  into  a  terminal  stupor  seven  weeks 
after  admission. 

Necropsy  findings:  The  pericardial  sac  contained  150  cc.  of  slightly  turbid  j'ellow 
fluid,  smears  of  which  did  not  show  bacteria.  Xo  pericardial  adhesions  were  found. 
There  were  several  small  hemorrhages  in  the  epicardium  and  the  parietal  pericardium 
near  the  base.  The  roots  of  the  great  vessels  and  the  auricles  were  covered  with  a 
thin  layer  of  fibrinous  exudate.  The  heart  was  large  and  all  the  chambers  dilated 
and  hypertrophied,  particularly  the  right  ventricle.  Vegetations  were  attached  to 
the  pulmonary  valves  which  showed  evidence  of  chronic  inflammation,  such  as  fusion 
of  the  commissures.  There  was  dilatation  and  pocket  formation  of  part  of  the  base 
of  the  pulmonary  artery  just  above  one  of  the  cusps,  and  over  the  base  were  found 
several  fairly  thick,  yellowish,  irregular  intimal  plaques.  A  widely  open  patent 
ductus  arteriosus  was  present  with  both  orifices  and  the  intima  showing  marked 
arteriosclerotic  thickening,  and  many  small  vegetations  at  the  pulmonic  orifice 
extending  into  the  lumen,  but  not  reaching  the  aortic  orifice.  Other  small  vegeta- 
tions were  seen  over  the  mitral  valve,  with  changes  in  the  auricular  endocardium  and 
the  chordae  tendinae.  The  right  anterior  aortic  cusp  was  perforated  and  all  of  the 
cusps  were  thickened  and  covered  with  large,  irregular  vegetations:  smaller  ones  were 
present  in  the  sinuses  of  \'alsalva.  Just  above  the  right  anterior  cusp  the  wall  of 
the  aorta  was  covered  with  vegetations  which  had  penetrated  the  wall  but  had  not 
entered  the  pericardial  sac. 

Microscopic  sections  showed:  extensive  necrosis  of  the  media,  but  little  reaction 
in  the  adventitia;  multiple  foci  of  acute  interstitial  myocarditis:  multiple  emboli 
to  various  viscera.  Culture  of  the  pericardial  fluid  showed  B.  coli,  undoubtedly  a 
contaminant. 
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LANDEX,  A.B. 

[From  the  Cardiac  Clinic,  Out-Patient  Dispensary,  Cincinnati  General  Hospital] 

Clinical  observations  obtained  in  a  dispensaiy  and  general  hospital  do 
not  always  parallel  those  in  private  practice.  The  reasons  for  this  dis- 
parity are  not  always  clear.  That  certain  infectious  diseases  or  deficiency 
diseases  should  appear  in  greater  numbers  among  those  who  seek  medical 
attention  in  general  clinics  is  easily  understood.  Likewise,  the  fact  that 
prognosis  is  frequently  unfavorably  influenced  by  conditions  of  existence 
of  those  in  the  lower  income  group.  But  that  the  same  illness  should 
manifest  itself  differently  in  the  two  classes  of  patients  .seems  hai-dh' 
credible.  Yet  it  is  this  possibility  which  forms  the  background  for  the 
present  discussion. 

Coronary  artery  disease  in  its  widest  sense  has  been  extensively  dis- 
cussed verbally  and  orally  in  recent  years.  The  picture  of  progressive 
narrowing  of  one  or  more  of  the  ramifications  of  the  coronary  arteries 
starting  with  the  syndrome  of  angina  and  culminating  in  either  infarction 
and/or  occlusion  is  familiar  to  all  clinicians.  The  sjTnptoms  and  course 
of  a  sudden,  fulminating  attack  of  acute  coronary  obstruction  are  suffi- 
ciently common  to  need  no  further  elucidation.  Silent  coronary  accidents 
are  supposedly  not  uncommon  but  hardly  the  rule.  The  point  is  that  the 
chnical  picture  of  effort  pain  in  these  rather  typical  cases,  the  electro- 
cardiographic findings  and  autopsy  reports  coincide  so  nicely  in  the  vast 
majority  of  instances  as  to  make  the  picture  one  of  ever  increasing  clarity. 
The  same  train  of  events  is  not  as  commonly  noted  in  heart  clinics  or  general 
hospital  practice.  The  pathological  picture  of  coronary  sclerosis,  old  and 
recent  infarction,  coronary  occlusion,  and  myocardial  fibrosis,  general  or 
localized,  is  so  frequently  reported  that  clinically  these  diseases  probably 
exist  in  larger  numbers  than  usually  suspected.  That  they  manifest 
themselves  variously  or  at  least  differently  seems  likewise  true. 

In  a  review  of  the  deaths  and  necropsies  among  patients  treated  at 
the  cardiac  clinics  during  the  past  ten  years,  it  was  evident  that,  although 
coronary  occlusion  with  one  or  more  infarcted  areas  was  noted  and  verified 
fairly  frequently,  the  element  of  cardiac  pain  as  an  outstanding  symptom 
was  not  as  commonlj^  encountered  as  is  frequently  reported.  In  this  re- 
view only  those  cases  are  reported  in  which  one  or  more  infarctions  were 
found  at  necropsy. 
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CLINICAL  MATERIAL 

The  present  study  extends  over  a  ten  year  period  (1931  to  1941).  The 
patients,  in  most  instances,  were  examined  by  more  than  one  clinician. 
The  advantage  of  several  consultants'  point  of  view  under  the  .system  is 
apparent.  In  practically  eveiy  instance  the  patient's  hospital  and  clinic 
record  is  a  continuous  document.  In  this  analysis  only  autopsied  ca.ses 
will  be  utilized.  The  correlation  of  clinical  histories,  electrocardiographic 
records,  cour.se  of  the  illnesses  and  anatomical  finding.^  may  be  assumed  in 
every  iiistance. 

During  this  period  1944  cardiac  patients  of  every  description  were  under 
observation.  There  were  746  deaths  and  194  autopsies.  The  anatomical 
diagnosis  of  "coronary  heart  di.sease"  with  resultant  myocardial  changes 
was  made  in  36  instances.  The  number  of  times  the  pathologist  was  the 
first  to  disclose  this  picture  was  eight,  which  would  indicate  no  preagonal 
evidence  of  any  disturbance  in  the  coronary  circulation. 

Among  the  36  patients  examined  and  autopsied  there  were  25  whites 
and  1 1  negroes.  The  youngest  was  30  and  the  oldest  76.  A  few  \ery 
old  patients  with  obvious  general  deterioration  were  excluded.  There 
were  30  males  and  6  females.  They  were  mostly  hard  working  people 
and  their  habits  ranged  from  the  worst  to  the  most  exemplary. 

CASE  REPORTS 

Group  A.  Included  in  this  category  are  four  patients,  the  only  ones 
with  classical  case  histories  of  coronary  occlusion  with  substantiating 
electrocardiographic  findings.  As  an  example  one  such  case  is  tran- 
scribed ; 

History.  C.  H.,  a  white  female,  aged  68,  was  admitted  to  the  cardiac  clinic  on 
June  20,  1934  with  the  complaint  of  severe  anginal  pain  in  the  precordium  radiating  to 
left  arm.  This  was  first  noted  in  August,  1933  but  had  become  progressivelj-  severe 
in  the  past  six  months.  A  clinical  diagnosis  of  coronary  heart  disease  with  angina 
pectoris  was  made.  The  patient  was  under  observation  in  the  clinic  from  June  to 
.\ugust,  1934  during  which  time  she  continued  to  complain  of  pain.  On  August  30, 
1934  she  was  admitted  to  the  Cincinnati  General  Hospital  complaining  of  oppressing 
precordial  pain,  shortness  of  breath,  with  lancinating  death-like  pain  radiating  up 
the  left  side  of  the  sternum  to  the  left  shoulder  and  down  the  arm.  An  electro- 
cardiogram showed  evidence  of  coronary  sclerosis.  The  blood  pressure  was  135 
systolic  and  So  diastolic.    Death  occurred  suddenly  on  September  10,  1934. 

Xecropsy  Findings.  Coronary  sclerosis  with  occlusion  of  left  anterior  descending 
branch,  acute  mj'ocardial  infarction,  mural  thrombosis.  .  .  . 

In  the  entire  series  there  was  not  a  single  instance  of  an  acute,  devas- 
tating, "coronary  attack"  in  a  patient  well  up  to  that  time,  nor  of  attacks 
of  angina  pectoris  or  leg  cramps  culminating  in  a  final  coronary  accident. 

Group  B.  In  this  group,  twenty-four  in  all,  pain  of  any  revealing  char- 
acter was  conspicuous  by  its  absence.    The  diagnoses  were  made  by  clini- 
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cal  diflfeientiation  substantiated  by  serial  electrocardiograms.  The  pa- 
tients presented  for  the  most  part,  either,  1)  symptoms  of  chronic  and 
progressive  heart  failure  (congestive  heart  failure),  or  2)  varying  grades 
of  disabling  djspnea,  frequently  only  nocturnal  d\-spnea  and  unexplained 
weakness.  .  • 


CHART  I 


PERIOD  UNDER  OBSER- 

NAME 

AGE 

SEX 

COI.OR 

OCCUPATION 

VATION 

SEROLOGY 

Group  A 

D.  B. 

50 

M 

w 

Gardener 

3  montlis 

Positive 

M.  H. 

49 

M 

w 

Orderly 

1  j-ear 

Xegative 

L.  F. 

57 

.M 

w 

Xot  given 

2  years 

Xot  taken 

C.  H. 

68 

F 

w 

Baker 

3  months 

Xegative 

Group  B 

W .  \>  . 

Dl 

■p 
r> 

Laborer 

2  years,  4  mos. 

X  egative 

M.  H. 

cA 

F 

w 

Laundress 

4  months 

Xegative 

L.  S. 

30 

.M 

B 

Truck  driver 

2  years,  4  mos. 

Xegative 

H.  X. 

73 

.M 

\V 

Machinist 

5  months 

Xegative 

P.  W. 

32 

M 

W 

Farm  work  and 

10  months 

Xegative 

laborer 

C.  A. 

66 

M 

B 

Xot  given 

9  months 

Xot  taken 

W.  F. 

69 

-M 

\V 

Butcher's  helper 

1  year,  6  mos. 

Xegative 

J.  H. 

76 

-M 

B 

Laborer 

7  months 

Xegative 

W.  T. 

63 

-M 

\\" 

Painter 

5  months 

Xegative 

R.  B. 

69 

-M 

\\ 

Dresser  and  packer 

2  years,  9  mos. 

Xegative 

of  chickens 

L.  G. 

52 

F 

B 

Housewife 

7  years,  8  mos. 

Xegative 

H.  D. 

64 

M 

B 

Laborer 

2  months 

Xegative 

W.  G. 

53 

M 

W 

Odd  jobs 

1  month 

Xegative 

J.  T. 

62 

M 

B 

Laborer 

4  }-ears 

Positive 

H.  B. 

61 

M 

W 

Lumber  yard  worker 

1  month 

Xegative 

H.  W. 

67 

W 

Laborer 

5  years 

Xot  taken 

H.  L. 

60 

yi 

W 

\'aried 

6  j'ears 

Xegative 

C.  B. 

.54 

M 

W 

Salesman 

2  \-ears,  5  mos. 

Xegative 

.J.  R. 

69 

M 

W 

Watchman 

7  j-ears 

Xot  given 

•J.  Z. 

70 

-M 

W 

Xone 

1  }-ear 

Xegative 

J.  W. 

46 

M 

w 

Printer 

7  months 

Positive 

H.  C. 

66 

M 

w 

Foreman 

2  J'ears,  4  mos. 

Positive 

E.  S. 

68 

M 

w 

Coffee  brewer 

1  year,  5  mos. 

Xegative 

X.  G. 

48 

F 

w 

Cook 

2  months 

Xegative 

It  will  be  noted  in  Chart  I  that  there  were  many  more  males  than  fe- 
males and  twice  as  many  whites  as  negroes.  The  yoimgest  patient  was 
thirty  and  the  oldest  seventy-six  years,  with  the  largest  number  in  the 
fifth  and  sixth  decades.  With  the  exception  of  a  very  few,  the  period 
during  which  the  patients  were  under  observation  was  from  several  months 
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to  two  or  more  years.  Yet  in  this  entire  time  pain  referable  to  the  heart 
was  never  an  important  factor.  Certainly  it  was  not  the  complaint  which 
compelled  the  patient  to  seek  treatment.  One  case  will  illustrate  the 
type  of  patient  represented  in  this  group: 

History.  M.  H.,  a  white  female,  aged  54,  a  laundress  by  occupation,  requested 
treatment  at  the  heart  clinic  on  September  25,  1935  because  of  marked  swelling  of 


CH.\RT  II 
Group  C 


NAME 

AGE 

SEX 

OR 

OCCUPATION 

PERIOD  UNDER 
OBSERVATION 

CLINICAL 
DIAGNOSIS 

AUTOPSY 
DIAGNOSIS 

E.K.G. 

W.  P. 

49 

M 

B 

Laborer 

2  months 

Syphilitic 

Coronary 

Slurring 

heart  dis- 

occlusion 

QRS 

ease  aortic 

myocar- 

Lead I I 

insuff. 

dial  in- 

and III 

(Wass.  2 

farction 

plus) 

aortic  ins. 

C.  H. 

61 

M 

W 

Machin- 

8 days 

CI       I  •  1  •  i  ■ 

byphilitic 

rartial  oc- 

Intraven- 

ist 

heart  dis- 

clusion 

tricular 

ease 

din  use 

block 

fibrosis 

F.  S. 

34 

M 

W 

Freight- 

4  months 

RheuVnatic 

Multiple 

Left  bun- 

man 

possible 

infarcts 

dle 

Ayerza's 

branch 

disease 

block 

C.  A. 

64 

M 

W 

Sales- 

1 year,  5 

Arterio- 

Recent and 

Not  re- 

man 

mos. 

sclerotic 

old  in- 

mark- 

heart dis. 

farcts 

able 

.\.  B. 

49 

F 

B 

House- 

1 year,  8 

Hyperten- 

Multiple 

Xot  re- 

work 

mos. 

sive  heart 

scars  of 

mark- 

disease 

old  in- 

able 

farcts 

J.  S. 

49 

F 

B 

Cook 

5  months 

Malignant 

Myocardial 

Not  re- 

hyper- 

infarct 

mark- 

tension 

and  scars 

able 

W.  W. 

53 

M 

B 

Laborer 

9  months 

Hyperten- 

Coronary 

Xot  re- 

sive heart 

sclerosis 

mark- 

disease 

and  in- 

able 

farct 

T.  W. 

73 

M 

W 

Laborer 

2  months 

.\rterio- 

Myocardial 

\'arying 

sclerotic 

infarct 

grades 

heart  dis. 

of  block 

both  legs,  and  increasing  dyspnea  of  four  months'  duration.  \  somewhat  milder 
attack,  yielding  to  rest  and  treatment,  had  occurred  four  j'ears  previously.  She  was 
found  to  have  a  grcatlj-  enlarged  left  heart:  the  blood  pressure  was  235  systolic  and 
140  diastolic:  a  right  hydrothorax  and  chronic  passive  congestion  of  the  liver  and 
lungs  was  present.  The  vessels  of  the  fundi  showed  advanced  arteriosclerotic 
changes.    The  electrocardiogram  showed  a  bundle  branch  blf)rk  and  left  axis  devia- 
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tion.  A  stormy  course  of  six  months  during  which  the  patient  had  a  pulmonary  in- 
farct ended  in  death. 

Necropsy  findings.  Multiple  recent  and  old  myocardial  infarction  and  organizing 
mural  thrombus,  recent  and  old  pulmonary  infarction,  myocardial  hypertrophy.  .  .  . 

In  this  case,  as  with  others  in  the  group,  invaUdism  was  due  to  increas- 
ing heart  failure  extending  over  a  fairh^  long  period,  dj'spnea,  dropsy-  and 
weakness  being  her  chief  symptoms.  Again,  pain  was  not  an  outstanding 
feature  neither  in  her  past  history  nor  during  the  course  of  her  illness. 
The  negative  re.sults  of  serological  examinations  are  noteworthy-.  Like- 
wise the  fact  that  in  practically  every  patient  there  was  marked  elevation 
of  blood  pressure  is  noteworthy. 

Group  C.  In  this  category  are  a  group  of  eight  cases  with  erroneous 
diagnoses,  but  which  the  pathologist  found  to  be  definiteh'  due  to  coronary 
occlusion  (Chart  II).  In  only  one  patient  was  syphilis  a  factor  (W.  P.), 
as  substantiated  by  the  microscopic  diagnosis.  In  another  patient  (C.  H.) 
the  history  of  syphilis  was  unmistakable,  the  serology  was  negative  and 
the  pathologist  made  no  mention  of  the  incursion  of  this  disease. 

At  no  time  in  the  supervision  of  these  patients  was  the  probability  of 
coronary  disease  mentioned  nor  was  there  any  reason  for  so  doing.  The 
electrocardiograms  were  certainly  not  revealing  and  the  patients'  his- 
tories were  not  even  suggestive  of  any  disturbance  in  the  coronarj-  cir- 
culation. The  clinical  course  of  each  of  these  patients  was  that  of  pro- 
gressive congestive  heart  failure. 

COMMENT 

In  this  study,  those  cases  showing  generalized  arteriosclerosis  with  this 
lesion  noted  in  varying  degrees  in  the  coronary  arteries  with  myocardial 
fibrosis  are  not  included.  Quite  naturally  there  are  many  such  cases. 
The  anatomical  diagnosis  of  infarction  was  the  criterion  of  selection  of 
cases  for  scrutim'.  There  is  a  vast  difference  in  these  two  types  of  heart 
disease. 

In  his  report  of  300  cases  of  myocardial  infarction.  Bean  (1)  observed 
among  other  things,  that  "a  prodrominal  period  of  pain  occurred  in  16 
per  cent  of  acute  attacks".  .  .  and  again  that  "Pain  and  congestive  failure 
occurred  together  in  many  cases.  Dyspnea  was  the  most  frequent  symp- 
tom and  when  associated  with  a  sense  of  constriction  merged  into  the  ill- 
defined  domain  of  pain."  One-third  of  his  cases  showed  signs  of  con- 
gestive failure  before  acute  infarction. 

It  is  a  difficult  matter  to  appraise  the  element  of  pain  in  many  instances, 
but  it  hardly  seems  probable  that  with  manj^  people  acute  severe  cardiac 
pain  of  any  appreciable  duration  could  be  relegated  to  the  limbo  of  for- 
gotten miseries.  Xo  constant  morphological  findings  have  ever  been 
noted  to  account  for  the  vagaries  of  pain,  its  presence  or  absence,  its 
location  or  radiation.  Some  evidence  would  indicate  that  it  is  condi- 
tioned by  individual  differences,  a  cerebral  rather  than  a  cardiac  function. 
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It  is  important  to  recognize  that  a  fairly  large  number  of  patients  suffer- 
ing myocardial  infarction  one  or  more  times  need  not  experience  appre- 
ciable pain.  At  least  their  misery  incident  to  devastating  dyspnea  and 
the  other  tragedies  of  congestive  failure  maj^  be  such  as  to  minimize  the 
element  of  pain  in  the  picture.  Onlj'  fovu-  individuals  of  this  grou])  of  36 
patients  had  complained  of  stenocardia.  The  others  conformed  to  the 
picture  of  congestive  failure.  Dyspnea  was  the  most  frequent  early  symp- 
tom and  was  the  one  which  caused  invalidism.  Edema  of  varying  magni- 
tude appeared  somewhat  hiter  but  in  just  as  many  instances.  The  arterial 
blood  pressure  was  found  to  remain  elevated  in  a  very  large  number  of 
cases,  although  there  was  a  tendency  toward  declining  levels.  The  three 
clinical  symptoms,  elevated  arterial  blood  pressure,  increasing  dyspnea 
and  edema  certainly  overshadowed  pain  as  criteria  for  the  diagnosis  of 
coronary  occlusion.  The  electrocardiographic  studies  were  most  revealing 
as  aids  in  diagnosis.  It  is  doubtful  whether  many  of  the  diagnoses  in 
this  series  of  cases  could  have  been  definitely  established  without  such 
records.  Moreover,  the  accuracy  of  determining  anterior  infarction  was 
noteworthy. 

One  possible  explanation  of  the  absence  of  those  cases  of  sudden  acute 
attacks  of  coronary  occlusion  arises  from  the  fact  that  most  of  the  patients 
are  emergencies  and  are  immediately  hospitalized  and  among  whom  the 
immediate  fatality  rate  is  quite  high.  The  number  is  not  great,  and  com- 
pared to  the  experience  in  private  practice  the  clinical  events  show  con- 
siderable differences.  Coronary  artery  sclerosis  may  exist  sub-clinically 
for  many  years  and  the  care  a  patient  can  be  accorded  is  of  consider- 
able importance  to  his  comfort  and  longevit3\ 

CON'CLUSIONS 

1.  Thirty-six  (18  per  cent)  ca.ses  coming  to  necropsy  (1931  to  1941) 
were  found  to  have  myocardial  infarction  and  coronarj'  occlusion. 

2.  Only  four  (11  per  cent)  patients  had  ever  had  actual  attacks  of  "car- 
diac pain." 

3.  Dyspnea,  congestive  failure  and  elevated  arterial  blood  pressure  were 
the  outstanding  symptoms. 

4.  The  importance  of  recognizing  the  picture  of  coronary  ob.struction 
with  infarction,  as  associated  with  congestive  failure  only,  and  not  neces- 
sarily pain,  is  stressed. 
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LIGATION  OF  THE  SPLENIC  ARTERY  FOR  THROMBO- 
CYTOPENIC PURPURA  AND  CONGESTIVE 
SPLENOMEGALY 

A.  A.  BERG,  M.D.,  and  X.  ROSENTHAL,  M.D. 
[From  the  Surgical  Service  of  Dr.  A.  A.  Berg,  The  Mount  Sinai  Hospital,  New  York] 

The  ligation  of  the  splenic  artery  is  considered  a  more  conser\'ati\  e  type 
of  surgical  procedure  than  splenectomy.  Because  of  the  simplicity  of 
the  operation,  it  has  appealed  to  some  of  the  clinicians  and  surgeons  of 
Eiu'ope.  Its  evaluation  is  based,  however,  on  a  small  number  of  cases  in 
comparison  to  the  larger  number  of  splenectomies  reported.  This  led  the 
authors  to  study  the  problem  and  to  resort  to  this  procedure  in  six  cases; 
viz.,  in  two  cases  of  thrombocytopenic  purpura,  three  cases  of  cirrhosis  of 
the  li\er  with  splenomegaly,  and  fascial  constriction  (18)  of  the  artery 
(Payr's  operation),  in  one  case  of  osteosclerotic  anemia  (myelofibrosis), 
or  non-1  eukemic  myelosis. 

Before  presenting  the  case  histories  and  results  of  the  operation,  it  is 
well  to  gi^■e  a  brief  review  of  the  literature  and  pre\  ious  results  of  ligation 
of  the  splenic  artery  in  both  animals  and  man. 

Experimental  ligation  of  the  splenic  artery  in  animals.  The  chief  object 
in  ligating  the  splenic  artery  in  animals  was  two-fold;  to  investigate  the 
possible  reduction  of  the  size  of  the  spleen  or  induce  its  atrophy,  and  to 
diminish  its  hypothetical  function.  The  first  experiments  of  this  tj'pe 
were  carried  out  by  Heusinger  (10),  in  1817.  who  observed  that  ligation 
of  the  main  arterial  branches  of  the  spleen  did  not  bring  about  a  necrosis. 
Later,  Carriere  and  Vanverts  (5)  continued  these  investigations.  They 
ligated  the  pedicle  of  the  spleen  and  succeeded  in  obtaining  a  necro.sis  of 
the  organ,  whereas  ligation  of  the  artery  alone  was  followed  by  atrophy 
of  the  spleen. 

Further  investigations  have  since  been  made  by  Storti  (20)  on  dogs,  cats, 
rabbits  and  guinea  pigs.  After  ligating  the  .splenic  artery,  he  paid  special 
attention  to  the  hematological  changes.  His  deductions  were  as  follows: 
Ligation  of  the  splenic  artery  was  ncA  er  followed  by  any  shock  or  untoward 
complications;  there  was  no  evidence  of  necrosis;  ligation  of  the  splenic 
artery  induces  a  sclerosis  of  that  organ  with  loss  of  power  of  contractility; 
blood  changes  followed  ligation,  simulating  that  of  splenectomy;  and  that 
there  is  a  diminution  of  the  hemoh  tic  factors  which  last  a  long  time  after 
such  intervention. 

It  is  to  be  kept  in  mind,  however,  that  in  normal  animals  with  a  normal 
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sized  spleen  it  is  possible  to  induce  atrophy  of  the  organ  by  ligation  of  its 
artery  and  thereby  eliminate  or  reduce  to  a  minimum  its  functions  of 
hemolysis,  thrombocytolysis  and  reservoir. 

Ligation  of  the  splenic  artery  in  human  subjects.  The  first  attempts  to 
shrink  the  spleen  consisted  of  multiple  ligations  of  both  veins  and  arteries 
at  the  hilum  of  the  spleen.  This  procedure  was  followed  by  Kuester  (11), 
in  1882,  in  a  case  of  leukemia,  by  Wells  (27),  in  1889,  for  an  unusual  cystic 
disease  of  the  spleen,  by  Wyman  (28),  in  1889,  in  a  case  of  malaria  with  a 
large  spleen,  and  by  Battle  (2),  in  1893,  in  a  case  of  rupture  of  the  spleen. 
An  immediate  favorable  result  was  obtained  by  Wells,  but  in  one  case  this 
procediue  was  followed  by  necrosis  of  the  spleen.  A  fatal  outcome  re- 
sulted in  the  others. 

The  first  ligation  of  the  main  trunk  of  the  . splenic  artery  in  a  human 
subject  was  performed  by  Lanz  (12),  in  1914,  on  a  woman  twenty-four 
years  of  age  who  presented  a  large  ectopic  spleen.  Si.\  months  later, 
another  operation  was  performed  and  the  spleen  was  found  to  be  com- 
pletely shrunken.  Blain  (3),  in  1918,  reported  the  first  case  of  ligation 
of  the  splenic  artery  in  Banti's  disease.  Splenectom}^  w-as  virtually  im- 
possible as  the  spleen  was  boimd  down  by  extensive  adhesions.  The 
main  atsscI  was  located  about  three  centimeters  from  the  hilum.  The 
spleen  .shrunk  to  virtually  one-fourth  its  size  immediately  following  the 
operation.  At  the  end  of  three  weeks  an  abscess  formed  at  the  site  of  the 
operation  and  pointed  in  the  wound.  This  was  incised  and  found  to 
contain  necrotic  splenic  material.  A  similar  case  was  reported  by  Cejudo 
(6).  In  his  patient  a  similar  abscess  developed  at  the  site  of  the  w^ound, 
which  was  drained  forty  days  after  operation.  Considerable  splenic  tissue 
wa.s  evacuated.    After  a  long  convalescence,  the  patient  recovered. 

The  splenic  artery  and  its  variations.  The  splenic  artery  is  adequately 
described  by  Henschen  (9).  It  is  the  largest  branch  of  the  coeliac  axis 
and  passes  along  the  upper  border  of  the  pancreas,  in  a  tortuous  manner, 
to  the  spleen  where  it  breaks  up  into  numerous  branches  which  enter  the 
hilum  and  supply  the  organ.  The  branches  of  the  splenic  artery  are  as 
follows:  The  smaller  pancreatic  hranchea  which  originate  from  the  splenic 
artery  at  vaiying  intervals  as  the  \'essel  coiuses  along  the  iipper  margin 
of  the  pancreas.  They  enter  and  supply  the  organ;  the  larger  pancreatic 
branch  which  usually  arises  from  the  splenic  about  the  junction  of  its 
middle  with  its  left  third  and  enters  the  pancreas  obliquel}^;  the  left  gastro- 
epiploic which  aiises  from  the  splenic  arteiy  and  anastomoses  with  the 
right  gastro-epiploic;  the  vasa  brevia  which  arises  from  the  splenic  artery 
near  its  terminal  portion  and  anastomoses  with  the  gastric  and  left  gastro- 
epiploic arteries;  and  the  terminal  branches,  five  to  eight  in  number,  given 
off  from  the  splenic  artery. 

It  may  be  pointed  out  that  the  splenic  artery  is  not  uniform  in  its 
relation  to  the  pancreas  and  its  distribution,  in  fact,  there  is  no  uniformity 
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in  the  splenic  artery  itself  and  it  maj-  be  quite  variable.  It  is  important 
that  these  variations  should  be  borne  in  mind  by  the  surgeon.  According 
to  Volkmann  (25),  it  may  be  found  in  the  following  locations:  behind,  or 
at  the  tail  end  of  the  pancreas  (forty  per  cent) ;  between  the  pancreas  and 
the  hilum  of  the  spleen  (fiftj'  per  cent) ;  in  the  hilum  of  the  spleen  (ten  per 
cent).  According  to  Ssoson-Jaroschewitch  (19),  from  the  study  of  a 
larger  amount  of  material  (102  cadavers)  two  main  types  of  vessels  were 
found:  the  majestic,  or  one  main  branch  which  occurs  near  the  hilum  of 
the  spleen,  or  the  split  type,  where  the  branching  of  the  ve.ssel  occurs  far 
from  the  hilum  behind  the  pancreas.  In  rare  intances  the  main  branch 
of  the  artery  may  be  imbedded  in  the  pancreas. 

The  splenic  arterj^  can  be  approached  either  through  the  gastro-colic 
ligament,  or  through  the  gastro-hepatic  omentum.  The  former  route  is 
preferred  by  Von  Stubenrauch  (21),  while  the  latter  is  preferred  by  Van 
Goidsenhoven  (24).  The  artery  may  also  be  reached  through  the  trans- 
verse mesocolon. 

Collateral  circulation  of  the  spleen.  Ligation,  or  constriction  of  the 
splenic  artery  may  lead  to  considerable  atrophy  and  rarely  to  necrosis  of 
the  spleen.  Absence  of  necro.sis  is  due  to  the  adequate  collateral  circula- 
tion of  the  spleen.  Melnikoff  (17)  points  out  that  this  is  due  to  the  two 
main  arterial  circuits;  namely,  the  pancreatico-lineal,  and  the  gastro- 
lineal  circulation.  Ssoson-Jarosche\\'itch  (19)  states  that  in  thirty-one 
per  cent  of  his  cases  he  found  collateral  circulation  consisting  of  four  main 
arterial  connections;  an  ana,stomosis  between  accessory  gastric  vessels 
and  the  gastric  brevia;  the  pancreatico-duodenal  superior  and  inferior  with 
arteria  caudia  pancreatica;  the  arteria-gastro-breves  and  circulus  carona 
inferior;  and  the  inferior  mesenteric  arteria  and  splenic  artery.  There 
are  also  intra-,  as  well  as  extra-organic  collaterals. 

CASE  REPORTS^ 

/.  Ligation  of  s-plenic  artery  for  thrombocytopenic  purpura 

Case  1.  Thrombocytopenic  purpura.  Ligation  of  the  splenic  artery. 
Recurrence  of  purpura  and  secondary  splenectomy.  Fatal  relapse  one  year 
later. 

History  (Adm.  372128).  M.  P.,  a  married  woman,  29  years  of  age.  On  January  14, 
1933,  she  was  admitted  to  the  Medical  Service  of  Dr.  George  Baehr.  She  had  had  fre- 
quent nose  bleeds  and  bruised  easily  for  the  five  years  prior  to  admission.  Later,  skin 
hemorrhages  followed  the  slightest  trauma.  During  the  month  before  entry  epistaxis 
became  more  profuse,  the  gums  began  to  bleed  and  assumed  a  spongy  appearance. 


'  Ligation  of  the  splenic  artery  was  performed  by  one  of  us  (Dr.  A.  A.  B.)  in  five 
cases  and  fascial  constriction  of  the  splenic  artery  in  one  case.  Clinical  and  hemato- 
logical observations  were  made  at  expedient  intervals  in  the  Hematology  Clinic  of  the 
Out-patient  Department  (N.  R.). 
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There  was  also  extensive  bleeding  durinp;  the  menstrual  period.  At  the  same  time, 
marked  weakness  developed  and  the  skin  assumed  a  pallid  appearance. 

Examinalion.  She  was  a  well  developed  young  woman.  Purpuric  lesions  were 
scattered  over  the  upper  part  of  the  chest  and  upper  and  lower  extremities.  A  soft, 
blowing  systolic  murmur  was  heard  at  the  apex  of  the  heart.  The  spleen  was  palpable 
two  fingers  below  the  free  border  of  the  ribs. 

Laboratory  data.  Urine  was  negative.  Blood  picture,  on  aihnission  to  the  hos- 
pital, was  typical  of  thrombocytopenic  purpura  hemorihagica.  It  was  as  follows: 
Hemoglobin,  48  per  cent;  red  cells,  4,250,000;  white  cells,  9,400;  platelets,  35,000; 
polymorphonuclear  staff,  2.0  per  cent;  segmented,  36.5  per  cent;  eosino[)hiles,  4.5 
per  cent;  basophiles,  1.5  per  cent;  Ij'mphocytes,  49.0  per  cent;  monocytes,  6.5  per 
cent.  Coagulation  time,  26  minutes;  bleeding  time,  22  minutes;  tourniquet  test, 
positive;  clot  retraction,  none. 

Operation.  On  January  25,  1933  a  ligation  of  the  splenic  artery  was  performed 
under  spinal  anesthesia.  The  artery  was  approached  through  the  gastro-hepatic 
omentum.  The  stomach  was  depressed  downward  and  a  somewhat  small  splenic 
artery  was  found  behind  the  upper  border  of  the  i)ancreas.  This  was  ligated.  On 
palpating  the  vessels  at  the  hilum,  pulsation  was  still  felt  at  the  lower  part.  Another 
branch  of  the  splenic  artery  was  then  isolated  at  the  tail  of  the  pancreas  and  ligated. 
A  distinct  shrinkage  of  the  spleen  was  then  noted.  A  citrate  transfusion  of  500  cc. 
was  given  after  the  operation. 

Postoperative  course.  The  clinical  symptoms  remained  unchanged  for  the  first 
five  days.  The  hemorrhagic  tendencies  subsided  for  a  few  days  and  then  there  was  a 
recurrence  of  the  bleeding  from  the  nose  and  gums.  A  hematoma  was  found  in  the 
wound  at  the  first  dressing.  The  patient  improved  later  and  was  discharged  from  the 
hospital. 

Blood  picture.  Hemoglobin  increased  from  48  to  62  per  cent.  On  the  day  of  dis-  • 
charge,  hemoglobin  was  60  per  cent,  red  cells  4,900,000.  A  marked  leucocytosis 
(30,000  to  50,000)  was  present  six  days  after  operation.  The  differential  count  showed 
a  marked  increase  in  neutrophiles  at  first,  later  a  marked  lymphocytosis.  Coagu- 
lation time  became  normal  and  the  tourniquet  test  negative.  A  slight  clot  retraction 
developed.  Bleeding  time  remained  the  same,  but  was  definitely  diminished  before 
leaving  the  hospital.    The  platelets  did  not  increase  in  number. 

Second  admission  (July  17,  1933).  Since  her  discharge  from  the  liospital  there 
were  episodes  of  bleeding  from  the  nose,  gums  and  skin.  For  ten  daj's  prior  to  the 
second  admission,  there  was  a  profuse  menorrhagia.  Since  the  operation,  she  noticed 
a  mass  in  the  right  groin  which  caused  pain.  Three  days  before  admission,  it  became 
hard,  more  painful  and  attained  the  size  of  a  small  apple. 

Examination.  There  were  small  petechiae  in  the  right  lower  conjunctival  sac. 
The  gums  were  oozing  and  numerous  petechial  hemorrhagic  areas  were  found  on  the 
hard  and  soft  palates.  A  few  purpuric  and  ecchymotic  lesions  were  present  on  the 
lower  extremities.  The  upper  abdomiiuil  scar  was  healed.  The  spleen  and  liver 
were  not  palpable.  A  large,  red  indurated  swelling  was  present  in  the  groin.  There 
was  no  fluctuation. 

Laboratory  data.  The  blood  picture  was  as  follows:  Hemoglobin,  73  per  cent; 
red  cells,  3,700,000;  white  cells,  21,900;  platelets,  70,000;  polymorphonuclear  neutro- 
phils, 65  per  cent.  Bleeding  time,  5  minutes;  coagulation  time,  13  minutes;  clot  re- 
traction, present;  tourniquet  test,  strongly  positive. 

Operation.  A  splenectomy  was  performed  under  gas,  oxygen  and  ether  anesthesia. 
The  spleen  had  considerably  diminished  in  size.  One  week  after  operation  all  tend- 
ency to  bleeding,  including  menorrhagia,  had  subsided.  Platelets  rose  to  80,000. 
She  was  discharged  twenty-two  days  after  operation,  apparently  improved. 

Follow-up  course.    After  discharge  from  the  hospital  she  became  perfectly  well 
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and  remained  so,  except  for  an  occasional  cold.  The  blood  picture  showed  no  evi- 
dence of  her  previous  disease. 

Third  admission  (October  14, 1934).  Two  weeks  prior  to  admission  the  menstrual 
flow  again  became  profuse  and  contained  many  clots.  It  lasted  nearly  seven  days,  at 
least  two  days  longer  than  usual.  About  ten  days  previously,  she  was  awakened 
from  a  sound  sleep  by  a  choking  sensation  and  her  mouth  was  full  of  blood  following 
a  severe  epistaxis.  Bleeding  from  the  nose  continued  at  the  rate  of  about  a  drop  a 
second  for  about  six  hours  despite  cold  applications.  An  injection  of  snake  venom 
was  given  and  the  bleeding  stopped  after  two  days.  There  was  a  recurrence  of  the 
purpuric  and  ecchymotic  lesions  over  the  lower  extremities,  chest  and  back,  which 
persisted  up  to  the  time  of  admission. 

Three  days  before  admission,  a  gnawing  pain  developed  in  the  left  lower  quadrant. 
On  the  day  prior  to  admission  the  abdominal  pain  became  severe  and  there  was  ex- 
treme weakness.  The  following  day  the  pain  was  felt  over  the  entire  abdomen.  She 
fainted  twice  on  getting  out  of  bed.  A  marked  pallor  of  the  face  appeared  at  the 
same  time. 

Examination.  The  patient  appeared  extremelj^  pale  and  apparently  very  weak. 
She  constantly  complained  of  faintness.  The  abdomen  was  soft  and  distended. 
There  was  a  diffuse  tenderness  in  the  abdomen,  most  marked  in  the  para-umbilical 
region  where  it  was  more  definite  with  a  slight  rebound.  The  pelvic  examination 
was  apparently  negative.  Although  there  was  no  bleeding  from  the  nose  or  gums, 
many  cutaneous  hemorrhages,  mostlj'  petechial  in  size,  were  scattered  over  the  lower 
legs,  upper  extremities  and  neck. 

The  impression  was'  that  of  a  recurrence  of  the  thrombocytopenic  purpura  hemor- 
rhagica with  intra-peritoneal  bleeding. 

A  citrate  transfusion  of  5U0  cc.  was  given  immediately  upon  entering  the  hospital. 

Laboratory  data.  The  blood  picture  was  as  follows:  Hemoglobin,  20  per  cent; 
red  cells,  1,420,000;  white  cells,  17,000;  platelets,  70,000;  polj'morphonuclear  neutro- 
philes,  89  per  cent;  lymphocytes,  5  per  cent;  monocytes,  4  per  cent;  myelocj^tes,  2 
per  cent.  Bleeding  time,  5  minutes;  clotting  time,  4  minutes;  clot  retraction,  present 
at  the  end  of  45  minutes,  but  not  complete;  tourniquet  test,  positive. 

Course.  There  was  marked  improvement  after  two  transfusions.  Injections  of 
snake  venom  were  given  subcutaneously,  ascorbic  acid  200  mg.,  intravenously  and 
intramuscularly,  daily.  She  continued  to  improve  until  about  November  7,  when 
bleeding  began  again  from  the  nose,  gums  and  vagina. 

On  November  10  the  vaginal  bleeding  became  very  profuse,  necessitating  a  trans- 
fusion almost  daily.  It  was  believed  that  the  bleeding  was  also  retrograde  from  the 
tubes  or  ruptured  ovarian  follicles.  Since  some  relationship  between  the  ovarian 
function  and  the  recurrence  of  the  purpura  was  considered,  radiotherapy  was  advised. 
Two  x-ray  applications  were  given  to  the  anterior  pelvis  (November  2,  3)  without 
much  effect.  The  abdominal  pain  began  to  increase  and  the  abdomen  became  dis- 
tended, especially  in  the  suprapubic  region.  As  a  final  resort,  an  exploratory  lapa- 
rotomy was  performed  on  November  13,  revealing  a  generalized  peritonitis,  with  foul, 
reddish,  necrotic  fluid.    Death  followed  a  few  hours  after  the  operation. 

Comment.  This  is  an  unusual  case  of  chronic  thrombocytopenic  purpura.  There 
was  apparently  very  slight  response  to  ligation  of  the  splenic  artery,  so  that  splenec- 
tomy was  advisable.  At  the  second  operation,  the  spleen  was  atrophic.  Histological 
examination  revealed  fibrosis  of  the  spleen,  infiltration  with  numerous  eosinophilic 
leucocytes  and  many  giant  cells  of  reticular  origin.  The  intra-splenic  arteries  were 
patent.  Following  operation,  the  blood  picture  returned  to  normal  and  the  patient 
was  apparently  well  for  one  year.  The  severe  menorrhagia  and  intra-abdominal 
bleeding  recurred  and  was  followed  by  peritonitis  from  infection  of  intraperitoneal 
blood,  and  death. 
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Case  2.    Chronic  thrombocytopenic  purpura.    Ligation  of  splenic  artery. 

History  (Adm.  358312).  E.  K.  D..  a  married  Jewish  woman,  aged  21.  On  March 
17,  1928,  she  entered  the  hospital  from  the  Hematology  Clinic  with  a  history  that  for 
ten  years  prior  to  entry  she  had  had  daily  nose  bleeds,  except  for  a  two  year  interval. 
For  six  weeks  before  admission,  she  again  complained  of  daily  nose  bleeds.  During 
this  entire  period  she  was  never  free  of  ecchymotic  lesions. 

Examinalion.  The  skin  was  fair  and  firm  in  texture.  Purpuric  and  ecchymotic 
eruptions  were  scattered  over  the  upper  and  lower  extremities.  A  rough,  prolonged 
systolic  murmur  was  heard  at  the  ai)ex  of  the  heart.  The  liver  and  spleen  were  not 
palpable, 

Laboratory  data.  On  admission  the  blcod  picture  was  as  follows:  Hemoglobin, 
90  per  cent ;  red  blood  cells,  5.300.000;  white  blood  cells,  8,800;  platelets,  80,000;  poly- 
morphonuclear neutrophilcs,  67.5  per  cent;  eosinophiles,  3.0  per  cent;  basophiles, 
1.5  per  cent;  lymphocytes,  21.0  per  cent;  monocytes,  7.0  per  cent.  Bleeding  time,  9 
minutes;  coagulation  time,  12  minutes;  tourniquet  test,  positive;  clot  retraction, 
present  but  slight.    Blood  Wasserniann  reaction,  4  plus. 

Course.  The  blood  Wassermann  tests  were  repeatedly  positive.  Dermatological 
examination  (Dr.  H.  Goldcnberg)  failed  to  reveal  any  clinical  signs  of  congenital 
syphilis,  except  for  a  suggestion  of  rhagades  around  the  mouth.  A  course  of  treat- 
ment with  neosalvarsan  and  bismogenol  was  given  without  any  apparent  effect  on 
the  purpural  S3'mptoms  or  the  Wassermann  reaction.  She  was  discharged  on 
March  31,  1928. 

Second  admission  (.\pril  24,  1933).  After  her  fiist  discharge  from  the  hospital 
the  purpuric  state  continued  unabated.  Several  months  later,  bleeding  from  the 
gums  recurred  and  small  amounts  of  blood  were  noted  in  the  stools.  Two  weeks 
before  the  second  admission,  her  menstrual  period  was  profuse,  lasting  two  weeks, 
instead  of  about  two  days  which  was  the  usual  period  since  her  marriage  in  1932.  The 
tendency  to  bleed  became  more  pronounced  and  epistaxis  became  more  profuse  and 
difficult  to  control.  A  course  of  treatment  with  snake  venom  was  given  without 
any  obvious  effect. 

During  this  time,  periodic  intracutaneous  venom  tests  were  always  strongly  posi- 
tive. From  time  to  time  she  again  received  a  course  of  treatment  with  neosalvarsan 
and  bismogenal,  but  without  any  changes  in  the  purpural  condition  or  Wassermann 
reaction. 

Examination.  At  this  time,  there  was  marked  pallor  and  blood  exuded  from 
both  nostrils.  The  heart  was  enlarged  to  the  right  and  left,  and  a  loud  blowing 
systolic  murmur  was  heard  at  the  apex.  The  liver  was  felt  one  finger  below  the  ribs. 
The  spleen  was  not  palpable.  Numerous  ecchymotic  lesions  were  scattered  over  the 
lower  and  upper  extremities,  and  abdomen.  Few  red  blood  cells  were  found  in  the 
urine.  Again,  the  blood  Wassermann  reaction  was  four  plus,  but  the  Kahn  reaction 
was  negative. 

Laboratory  data.  The  blood  picture  at  this  time  was  as  follows:  Hemoglobin,  52 
per  cent;  red  cells,  3,790,000;  white  cells,  6,100;  platelets,  20,000;  polymorphonuclear 
neutrophiles,  73  per  cent ;  lymphocytes,  23  per  cent ;  monocytes,  4  per  cent.  Bleeding 
time,  14  minutes;  coagulation  time,  7  minutes;  tourniquet  test,  strongly  positive; 
clot  retraction,  slight. 

Operation.  On  April  10,  1933,  a  typical  ligation  of  the  splenic  artery  through  the 
gastro-hepatic  omentum  was  performed.  A  citrate  transfusion  of  500  cc.  was  given 
immediately  after  operation.  During  the  postoperative  course  of  six  weeks,  her 
platelets  remained  at  a  constant  low  level,  varying  from  38,000  to  60,000.  The  only 
increase  in  the  blood  platelets  was  noted  the  day  after  operation.  At  that  time, 
they  reached  their  highest  level,  UW.OOO  per  cubic  millimeter.    There  was  consider- 
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able  clinical  improvement  .  There  was  cessation  of  the  epistaxis,  while  oozing  from 
the  gums  continued  intermittenth*,  but  this  at  no  time  was  of  any  great  consequence. 
The  patient  was  discharged  on  July  1,  1933,  and  was  followed  up  in  the  Out-patient 
Department. 

Follow-up  course.  Since  her  discharge,  she  had  improved  and  had  a  normal  men- 
strual period  which  lasted  about  three  days.  During  the  latter  part  of  October, 
1933,  she  developed  a  slight  nose  bleed  which  was  controlled  by  packing  with  ordinary 
cotton.  Three  weeks  later  she  noted  that  she  again  bruised  easily.  At  this  time, 
spontaneous  petechiae  began  to  appear  over  the  lower  extremities.  Again,  there  was 
a  feeling  of  weakness  and  a  loss  in  weight.  Bleeding  from  the  gums  later  recurred 
and  she  complained  of  buzzing  in  the  ears  and  faintness.  During  the  early  part  of 
Xovember,  1933,  the  menstrual  flow  was  profuse  and  lasted  five  days,  during  which 
time  she  lost  a  considerable  amount  of  blood.    This  aggravated  her  general  condition . 

Third  admission  (Xovember  18,  1933).  On  the  day  of  admissioh  she  awoke  with 
a  headache,  dizziness,  extreme  weakness,  pain  in  the  abdomen  and  nausea.  The 
abdominal  pain  was  lancinating  in  character  and  remained  localized  about  the 
umbilicus. 

Examination.  The  patient  was  acutely  ill.  The  gums  were  spongy  and  oozing 
blood.  A  loud,  long  systolic  murmur  was  heard  over  the  entire  precordium.  The 
blood  pressure  was  132  systolic  and  76  diastolic.  Petechiae  were  scattered  almost 
oyer  the  entire  body.  The  liver  was  barely  palpable  and  the  spleen  was  distinctly 
palpable  at  the  costal  margin. 

Laboratory  data.  The  blood  count  was  as  follows:  Hemoglobin,  34  per  cent;  red 
cells,  1,980,000;  white  cells,  9,600;  platelets,  30,000;  polymorphonuclear  neutrophils, 
80  per  cent ;  lymphocytes,  14  per  cent ;  monocytes,  3  per  cent ;  eosinophiles,  2  per  cent ; 
basophiles,  1  per  cent.  Bleeding  time,  so  profuse  at  the  end  of  10  minutes  that  pres- 
sure was  applied  to  the  ear  lobe  to  stop  the  bleeding;  coagulation  time,  10  minutes; 
tourniquet  test,  strongly  positive;  clot  retraction,  not  present. 

A  few  red  blood  cells  were  found  in  the  urine. 

Course.  On  admission,  a  transfusion  of  800  cc.  of  whole  blood  was  given.  This 
was  followed  by  only  slight  improvement.  Splenectomy  was  contemplated,  but 
about  eighteen  hours  after  admission  she  suddenly  became  stuporous.  The  tempera- 
ture rose  to  105°F.  There  was  generalized  muscular  flacciditj'  and  she  became  in- 
continent.   She  died  in  a  coma  twenty-seven  hours  after  the  third  admission. 

Necropsy  findings.  Subdural  hemorrhage  of  the  brain,  pulmonary  edema,  hemor- 
rhagic bronchopneumonia,  peri-splenic  adhesions,  acute  infectious  splenic  tumor, 
interdeterminate  endocarditis  of  mitral  valve,  h}'pertrophy  and  dilatation  of  left 
ventricle,  parenchimatous  degeneration  of  the  viscera,  fatty  metamorphosis  of  the 
liver,  persistent  thymus.  The  splenic  artery  was  found  to  be  ligated  but  no  throm- 
bosis distal  to  the  ligatum  was  present. 

Comment.  In  this  case  of  chronic  thrombocytopenic  purpura  ligation  of  the 
main  trunk  of  the  splenic  artery  failed  to  reduce  the  size  of  the  spleen  and  control 
the  symptoms.  In  spite  of  immediate  shrinkage  in  the  size  of  the  spleen,  it  was  found 
that  five  months  later  the  organ  was  considerably  enlarged. 

II.  Ligation  of  the  splenic  artery  for  congestive  splenomegaly  (Banti's  disease 
or  splenomegalic  cirrhosis  of  the  liver) 

Case  3.    Splenomegalic  cirrhosis  of  the  liver. 

History  (Adm.  359346).  P.  S.,  a  married  woman,  aged  30,  was  admitted  to  the 
Medical  Service  of  Dr.  B.  S.  Oppenheimer  on  April  27,  1931.  For  three  years  pre- 
viously she  had  complained  of  excessive  eructation,  not  related  to  food  or  time  of 
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eating.  Her  appetite  remained  unchanged.  There  was  occasional  epigastric  rum- 
bling but  no  other  discomfort  or  pain.  During  this  time  she  developed  an  eruption 
on  the  face  which  subsequently  subsided  with  x-ray  treatment.  At  that  time  her 
spleen  was  enlarged,  but  she  was  told  that  her  blocid  was  normal. 

Eighteen  months  prior  to  admission,  the  patient  suddenly  developed  fullness  and 
discomfort  in  the  abdomen,  for  which  she  took  some  rhubarb  and  soda.  She  vomited 
that  night,  but  was  not  relieved.  The  following  night  she  vomited  again  and  noted 
on  this  occasion  it  was  bloody.  She  became  very  weak  and  pale  and  was  taken  to 
the  Brooklj'n  Jewish  Hospital.  She  did  not  vomit  while  in  the  hospital,  but  tarry 
stools  continued  for  one  week.  The  hemoglobin  fell  to  40  per  cent.  She  improved 
and  was  discharged  three  weeks  later  with  a  diagnosis  of  Banti's  disease.  Since  her 
discharge,  there  was  no  further  hematemesis,  but  a  sensation  of  abdominal  fullness 
and  discomfort  at  varying  intervals.  During  this  time  she  developed  a  peculiar 
sense  of  stiffness  in  the  upper  left  quadrant  of  the  abdomen. 

Examinalion.  She  was  an  undersized,  but  moderately  well  nourished  woman 
with  only  slight  evidence  of  jaundice.  The  nasal  septum  was  deviated  to  the  right. 
The  mucous  membranes  were  hyperemic.  The  heart  and  lungs  were  normal.  The 
abdomen  was  enlarged.  The  spleen  was  firm,  well  defined  and  descended  to  the 
level  of  the  umbilicus.    The  liver  was  not  palpable. 

Laboratory  data.  The  blood  picture  was  as  follows:  Hemoglobin,  82  per  cent; 
red  cells,  4,300,000;  white  cells,  7,400;  platelets,  220,000;  polymorphonuclear  neutro- 
philes,  non-segmented,  13  per  cent;  segmented,  69  per  cent;  eosinophilcs,  11  per  cent ; 
basophiles,  2  per  cent;  lymphocytes,  14  per  cent;  monocytes,  1  per  cent.  Bleeding 
time,  1  minute;  clotting  time,  6  minutes;  clot  retraction,  normal;  tourniquet  test, 
negative;  bromsulphalein  test,  35  per  cent  retention  in  33  minutes;  stool,  negative 
for  blood;  icterus  index,  30;  Van  den  Bergh,  direct,  positive,  delayed  reaction;  choles- 
terol, total  340,  ester  158.    Wassermann  reaction,  negative. 

Urine  showed  no  albumin,  but  strong  reaction  for  urobilin. 

Course.    The  patient  was  readmitted  on  two  subsequent  occasions  for  diarrhea. 

Fourth  admission  (April  17,  1933).  The  patient  was  admitted  to  the  Surgical 
Service  of  Dr.  A.  A.  Berg.  At  this  time  she  presented  a  frank  icterus,  considerable 
emaciation  and  angiomata  of  the  face. 

Examination.  A  harsh  systolic  murmur  was  heard  over  the  entire  precordium 
of  the  heart.  The  spleen  was  felt  below  the  umbilicus  in  the  midline  and  the  liver 
was  felt  four  fingers  below  the  free  border  of  the  ribs. 

Laboratory  data.  The  blood  picture  revealed  a  secondary  anemia.  The  blood 
platelets  were  normal.  Icterus  index  was  35,  and  again  the  Van  den  Bergh  showed 
a  direct,  delayed  positive  reaction. 

Operation.  A  typical  ligation  of  the  splenic  artery  was  performed  under  spinal 
anesthesia.  The  vessel  could  not  be  found  in  the  usual  location  but  by  palpitation 
its  pulsation  could  be  felt  in  the  substance  of  the  middle  third  of  the  pancreas.  This 
was  incised  in  order  to  expose  the  artery.  During  the  operation,  the  liver  showed  a 
coarse  nodular  cirrhosis.  Immediatelj'  following  the  ligation  there  was  a  moderate 
shrinkage  of  the  spleen. 

Postoperative  course.  About  ten  days  after  operation  the  abdomen  became' con- 
siderably distended  as  a  result  of  the  ascites.  The  distention  could  not  be  reduced 
by  salyrgan.  This  necessitated  tapping  at  which  time  eight  liters  of  brownish-j-ellow 
turbid  fluid  were  removed.  The  fluid  reaccumulated  and  ten  days  later  was  removed 
again  by  paracentesis.  In  the  meantime,  the  icterus  index  had  fallen  to  22.  The 
spleen  became  distinctly  smaller  in  size  and  was  felt  above  the  umbilicus.  On  Jul}'  1, 
1933,  she  was  discharged  practically  unimproved. 

.\fter  discharge  the  condition  remained  unchanged  for  about  a  year  during  which 
the  ascites  did  not  recur.    In  December,  1933,  she  began  .to  lose  ground  rapidly. 
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She  became  very  emaciated,  the  fluid  slowly  reaccumulated  and  the  abdomen  became 
markedly  distended.  On  the  night  of  December  20,  1933  she  lapsed  into  a  coma 
and  died. 

Comment.  Ligation  of  the  splenic  artery  in  this  case  of  congestive  splenomegaly 
or  splenomegalic  cirrhosis  of  the  liver  reduced  the  size  of  the  spleen  only  moderately. 
The  ligation  was  followed  by  improvement  for  one  year  and  the  ascites  did  not  recur 
during  this  period. 

Case  4-  Congestive  splenomegaly  or  splenomegalic  cirrhosis  of  the  liver; 
ligation  of  splenic  artery;  relapse  and  secondary  splenectomy. 

History  (Adm.  362280).  X.  G.,  a  German  man,  aged  54.  On  February  25,  1933,  he 
was  admitted  to  the  Surgical  Service  of  Dr.  A.  A.  Berg.  He  was  comparatively  well 
until  the  age  of  fifty  when  a  severe  intestinal  hemorrhage  developed.  Recovery  was 
spontaneous  and  he  remained  well  for  two  years  when  there  was  a  recurrence  of  re- 
peated gastrointestinal  hemorrhages.  Following  one  of  these  hemorrhages,  there  was 
a  drop  in  the  hemoglobin  to  15  per  cent.  Repeated  transfusions  were  given  and  he 
continued  to  complain  of  marked  weakness  and  fatigue  on  the  slightest  e.xertion. 
Two  days  prior  to  admission,  a  profuse  hemorrhage  from  the  stomach  developed. 

Examination.  He  was  poorly  nourished  and  constantly  complained  of  dyspnea. 
The  heart  and  lungs  were  negative.  Lymph  nodes  were  enlarged.  The  spleen  was 
considerably  enlarged  and  could  be  felt  at  about  the  antero-superior  spine.  The 
liver  was  not  palpable. 

Laboratory  data.  Blood  picture  on  admission  was  as  follows:  Hemoglobin,  17 
per  cent;  red  cells,  950,000;  white  cells,  3,200;  platelets,  130,000;  non-segmented  poly- 
morphonuclear neutrophils,  7  per  cent;  segmented  forms,  71  per  cent;  lymphocytes. 
18  per  cent;  monocytes,  4  per  cent;  reticulocytes  less  than  5  per  cent. 

Urine  examination  was  negative. 

Course.  On  February  25,  1933,  a  transfusion  of  500  cc.  was  given,  which  was 
followed  bj'  an  unusually  good  result.  The  hemoglobin  and  red  blood  cells  began 
to  increase  slowlj'. 

On  March  16,  1933,  a  second  transfusion  was  given.  Following  this,  the  hemo- 
globin was  31  per  cent,  red  blood  cells,  2,400,000,  white  blood  cells,  2,200,  and  platelets 
150,000. 

On  .\pril  1,  1933,  a  third  transfusion  was  given.  Throughout  this  period,  the 
white  blood  cells  remained  below  normal  and  the  platelets  fluctuated  between  80,000 
and  250,000.  His  general  condition  continued  to  be  poor  and  he  was  considered  a 
poor  risk  for  a  major  operation. 

Operation.  April  5,  1933.  Before  operation,  a  transfusion  of  500  cc.  was  given. 
Under  gas  and  oxygen  anesthesia  and  a  small  quantitj'of  ether,  a  five-inch  left  upper 
rectus  muscle  splitting  incision  was  made.  The  spleen  was  exposed  and  found  to  be 
considerably  enlarged.  On  the  surface,  a  moderate  amount  of  fibrinous  exudate  was 
present,  indicating  the  seat  of  a  previous  perisplenitis.  The  liver  showed  moderately 
advanced  cirrhotic  changes.    The  stomach  and  duodenum  were  entirely  normal. 

An  opening  was  made  in  the  gastro-hepatic  ligament,  so  that  the  upper  border  of 
the  pancreas  was  exposed.  A  large  pencil-sized  pulsating,  thick-walled  splenic  artery 
was  revealed.  It  was  then  doubly  ligated.  Following  ligation,  the  spleen  was 
reduced  to  more  than  half  its  size.  The  opening  in  the  gastro-hepatic  omentum  was 
repaired  and  the  abdomen  was  closed  in  layers.  Following  the  operation  another 
transfusion  of  500  cc.  was  given. 

Postoperative  course.  The  blood  changes  following  operation  were  as  follows: 
Hemoglobin,  60  per  cent;  red  cells,  4,230,000;  white  cells,  12,000;  platelets,  152,000; 
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non-segmented  polymorphonuclear  neutrophiles,  33  per  cent;  segmented  forms,  53 
per  cent;  lymphocytes,  8  per  cent;  monocytes,  4  per  cent. 

The  hemoglobin  and  red  blood  cells  then  gradually  diminished  until  May  11,  1933 
when  they  again  began  to  increase.  The  blood  platelets  showed  a  slight  rise  within 
the  first  few  days,  220,000  and  gradually  diminished  to  1 10,000.  By  June  30,  the  hemo- 
globin had  risen  to  88  per  cent,  the  red  blood  cells  to  5,200,000,  but  the  white  blood 
cells  and  platelets  resumed  their  low  levels.  At  this  time  a  slight  eosinophilia  ap- 
peared, but  the  blood  picture  remained  unchanged  otherwise. 

The  spleen  was  barely  felt  at  the  free  border  of  the  ribs. 

On  May  20,  1933  the  patient  was  discharged  after  an  uneventful  convalescence. 

Second  admission.  Patient  was  free  of  symptoms  until  the  middle  of  October, 
1933,  five  months  after  the  operation,  when  he  hat!  another  severe  hemorrhage  from 
the  stomach.    A  citrate  transfusion  of  500  cc.  was  given. 

The  spleen  was  felt  at  about  the  level  of  the  umbilicus.  He  continued  to  have 
gastric  hemorrhages  and  also  passed  tarry  stools.  The  hemoglobin  usually  varied 
at  this  time  from  12  to  19  per  cent,  and  the  red  blood  cells  were  about  1 ,000,000.  Leu- 
copenia,  as  well  as  a  slight  thrombocytopenia,  persisted.  Repeated  transfusions 
were  given  with  little  benefit.    On  November  15,  1933  he  left  the  hospital. 

Third  admission  (February  2,  1934).  He  re-entered  the  hospital  for  further  ob- 
servation.   Hematemesis  continued  and  further  transfusions  were  ineffective. 

Examination.  He  appeared  very  pale.  The  blood  pressure  was  100  systolic  and 
70  diastolic.  Ascites  was  present.  The  spleen  could  be  felt  about  three  centimeters 
below  the  free  border  of  the  ribs.  The  liver  was  not  palpable  and  could  not  be  per- 
cussed.   As  a  last  resort,  it  was  decided  to  perform  a  splenectomy. 

Operation.  On  February  21,  1934,  while  a  citrate  transfusion  of  800  cc.  was  being 
given,  a  splenectomy  was  performed.  A  left  oblique,  subcostal  incision  was  made. 
On  opening  the  abdomen,  a  large  amount  of  ascitic  fluid  was  evacuated.  The  spleen 
was  six  inches  in  diameter  and  was  adherent  to  the  stomach,  colon  andabdominal 
parietes.  The  adhesions  were  very  vascular  at  the  lieno-renal  ligament  and  there 
was  also  a  cirsoid  aneurysmal  dilatation  of  the  vessels.  As  the  peritoneal  portion 
and  lieno-renal  ligament  was  divided,  some  of  the  vessels  were  injured  and  a  profuse 
hemorrhage  followed.  The  vasa  brevia  between  the  stomach  and  spleen  were  much 
dilated  and  numerous.  There  was  no  bleeding  from  the  pedicle  of  the  spleen,  nor 
any  clots  or  organized  material  in  the  splenic  artery  or  splenic  vein.  They  were 
clamped  before  dividing  the  adhesions  so  that  it  is  impossible  to  state  whether  bleed- 
ing would  have  occurred  if  clamps  had  not  been  applied. 

The  posterior  parietal  peritoneum  was  closed  by  suture  over  the  splenic  stump. 
.\  drainage  tube  was  applied  to  the  site  of  the  spleen.  The  abdominal  wall  was 
closed  in  layers. 

The  patient  lost  about  ten  ounces  of  blood  during  the  operation.  This  was  readily 
replaced  by  the  citrate  transfusion.    He  left  the  operating  room  in  good  condition. 

Surgical  pathology.  The  specimen  revealed  an  enlarged  spleen,  weighing  270  gm. 
and  measuring  17  x  10  x  31  cm.  The  surface  was  pale  grayish  pink  in  color  and  of  a 
mottled  appearance.  In  general,  it  was  anemic.  The  splenic  notch  was  accentuated 
in  its  lower  pole.  Its  anterior  border  presented  two  small  yellowish  gray  hard  nod- 
ules. These  appeared  on  the  surface  and  protruded  on  the  anterior  border,  .\nother 
nodule,  measuring  5  mm.  in  diameter  and  calcified  in  appearance,  was  present  at  the 
hilum.  Similar  nodules,  approximately  the  same  size,  could  be  felt  throughout  the 
entire  spleen  and  in  its  substance;  one  on  the  lateral  surface  and  another  one  on  the 
hilus  aspect.  The  capsule  was  smooth,  except  at  the  anterior  margin  where  it  dips 
into  the  splenic  tissue  at  about  the  middle  in  the  form  of  a  whitish  gray  scar.  The 
splenic  artery  was  smooth  and  clean  throughout.  The  splenic  vein  was  wide  open 
and  the  intima  was  smooth  and  glistening.    There  was  no  evidence  of  any  thrombosis. 
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On  section,  the  spleen  in  general  appeared  anemic;  there  was  a  cortical  rim  which 
was  paler  than  the  remainder  of  the  splenic  tissue.  As  a  whole,  it  appeared  fleshy, 
anemic  and  was  glossy  in  appearance.  The  Malpighian  bodies  were  poorly  outlined. 
A  calcified  nodule,  measuring  3  cm.  in  diameter,  was  present  at  one  point.  The  ves- 
sels were  prominent  and  revealed  no  thrombi.  Many  punctuate  hemorrhages,  on  an 
average  of  four  to  each  square  centimeter,  were  scattered  over  the  surface.  These 
were  irregular  and  apparently  in  relation  to  the  veins  as  thej^  were  situated  either 
around  the  smaller  venules  or  in  close  proximity  to  them.  A  very  small  lymph  node 
was  present  in  the  hilum  of  the  spleen.    This  was  taken  for  section. 

Microscopic  exajnination.  Diffuse  fibroadenie  of  the  splenic  pulp  with  conspicuous 
sinuses  and  annular  hemorrhages.    Few  fibrosed  tubercles. 

Postoperative  course.  There  seemed  to  be  a  marked  improvement  the  first  few  days 
after  operation.  There  was  a  marked  leucocytosis  (up  to  26,000)  with  a  polynu- 
cleosis, mainly  of  segmented  polymorphonuclear  leucocytes,  with  a  noted  increase 
in  the  blood  platelets.  These  continued  to  rise,  so  that  they  numbered  460,000  per 
cubic  millimeter  six  days  after  operation.  Pneumonia,  however,  set  in  two  days 
after  operation.    He  died  on  February  27,  1934. 

Permission  for  post-mortem  examination  was  not  granted. 

Comment.  The  patient  remained  improved  only  six  months  after  the  ligation  of 
the  splenic  artery.  Symptoms  then  recurred  and  in  addition  ascites.  The  spleen 
increased  in  size  after  a  preliminary  diminution  so  that  splenectomy  was  decided  as 
a  last  resort.    He  died  after  the  onset  of  pneumonia. 

Case  5.    Congestive  splenomegaly  or  splenomegalic  cirrhosis  of  the  liver. 

History  (Adm.  351604).  S.  F.,  an  Austrian  Jew,  aged  37.  On  May  1, 1933,  he  was 
admitted  to  the  Medical  Service  of  Dr.  B.  S.  Oppenheimer.  He  lived  in  the  United 
States  for  ten  years  after  traveling  through  Africa,  Asia,  visiting  Egypt,  Palestine, 
Syria  and  other  countries.  He  stated  he  was  absolutely  well  during  this  entire  period 
except  for  diarrhea  for  three  days.  Symptoms  apparently  began  eight  years  prior 
to  admission  when  he  fell  off  a  ledge  and  struck  the  left  upper  abdomen.  There  was 
no  local  injury  at  that  time.  Six  months  later  he  complained  of  daily  pain  in  the 
epigastrium  which  radiated  to  the  left  upper  quadrant  of  the  abdomen.  He  also 
developed  slight  drawing  pains  in  both  left  and  right  groins. 

On  entering  a  clinic,  a  mass  was  discovered  in  the  left  upper  quadrant.  He  was 
told  this  was  an  enlarged  spleen.  The  sj^mptoms  subsided,  but  he  noted  the  mass 
was  gradually  increasing  in  size.  He  developed  nausea  and  constipation,  for  which 
he  took  two  cathartic  pills.  This  was  followed  by  several  black  and  tarrj^  bowel 
movements,  which  had  become  black  and  watery.  He  became  weak,  somewhat  dizzy 
and  began  to  complain  of  tinnitus.  The  next  day  he  vomited  a  large  amount  of  dark 
red  blood.    He  again  became  weak  and  dizzy. 

Examination.  The  patient  was  slender,  poorly  developed,  and  appeared  chroni- 
cally ill.  The  conjunctivae  were  pale  and  the  sclerae  were  not  icteric.  The  heart 
and  lungs  were  negative.  The  abdomen  was  soft.  A  firm  spleen  could  be  felt  two 
centimeters  below  the  level  of  the  umbilicus.  The  liver  was  felt  two  fingers  below 
the  costal  margin.    Liver  dullness  was  intact. 

Laboratory  data.  The  blood  count  was  as  follows:  Hemoglobin,  58  per  cent;  red 
cells,  2,900,000;  white  cells,  2,200;  platelets,  90,000;  non-segmented  polymorpho- 
nuclear neutrophiles,  4  per  cent;  segmented  forms,  55  per  cent;  lymphocytes,  34 
per  cent;  monocytes,  4  per  cent;  eosinophiles,  2  per  cent;  basophiles,  2  per  cent; 
reticulocytes,  0. 

The  blood  picture  was  typical  of  congestive  splenomegalj^,  Banti's  disease  or 
thrombocytopenic  splenomegaly,  or  a  possible  cirrhosis  of  the  liver  with  secondary 
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splenomegaly  with  blood  changes  as  a  result  of  the  splenic  enlargement.  Throm- 
bosis of  the  splenic  vein  and  portal  vein  was  also  considered. 

The  patient  refused  splenectomy,  but  consented  to  a  ligation  of  the  splenic  artery. 

Operation.  On  May  27, 1933,  a  ligation  of  the  splenic  artery  was  performed,  under 
spinal  anesthesia.  A  left  upper  rectus  muscle  splitting  incision  was  made.  The 
spleen  was  smooth,  enlarged  and  extended  to  about  one  inch  below  the  umbilicus. 
The  under  surface  of  the  liver  was  smooth.  No  free  fluid  was  present  in  the  ab- 
dominal cavity.  A  small  incision  was  made  in  the  lesser  omentum  and  the  splenic 
artery  was  found  coursing  through  the  upper  border  of  the  pancreas.  It  was  ligated 
here  at  two  points,  but  not  divided. 

However,  during  the  closure,  the  patient  vomited  and  most  of  the  sutures  were 
torn.  This  occurred  while  the  abdominal  suture  was  being  passed,  so  that  the  spleen 
was  punctured  at  one  point.  There  was  free  oozing  of  blood.  A  deep  suture  was 
taken  in  the  spleen  and  a  piece  of  omentum  tied  in  over  the  point  of  puncture.  The 
abdomen  was  closed  with  through-and-through  heavy  silk  sutures. 

Postoperative  course.  Convalescence  was  uneventful.  The  spleen  was  still  en- 
larged, but  had  shrunk,  and  was  felt  above  the  umbilicus.  The  blood  pictures,  how- 
ever, remained  unchanged  as  far  as  the  leucopenia  and  blood  platelets  were  con- 
cerned. The  hemoglobin  and  red  blood  cells  presented  marked  improvement.  A 
gradual  rise  took  place,  so  that  by  October  29,  1934,  the  hemoglobin  was  93  per  cent 
and  red  blood  cells  5,640,000.    The  patient  was  considerably  improved  on  discharge. 

Follow-up.  The  patient  was  observed  in  the  Hematology  Clinic  of  the  Out-patient 
Department.  His  chief  complaints  after  operation  were  heaviness  and  occasional 
pain  in  the  left  upper  quadrant.  Later  he  began  to  feel  weak  and  was  unable  to 
continue  his  regular  occupation.  During  the  early  part  of  1936,  the  hemoglobin  and 
red  blood  cells  began  to  diminish.  Leucopenia  and  thrombocytopenia  became  pro- 
nounced.   A  splenectomy  was  advised  but  he  refused. 

On  March  1,  1936,  about  three  years  after  the  ligation,  there  was  a  recurrence  of 
the  gastric  hemorrhages.    He  died  before  a  transfusion  could  be  given. 

Comment.  For  three  years  following  the  ligation  of  the  splenic  artery  the  patient 
felt  better.  Then  there  was  a  recurrence  of  the  symptoms  and  the  patient  died  after 
an  exsanguination  gastric  hemorrhage. 

III.  Osteosclerotic  anemia  (myelofibrosis  or  non-leukemic  myelosis) 
Case  6.    Constriction  of  the  splenic  artery. 

History  (Adm.  374955).  A.  S.,  a  man,  aged  53.  On  February  14,  1933,  he  was  re- 
ferred for  observation  by  Dr.  Samuel  Pearl.  Symptoms  began  four  years  previously 
with  a  slight  pain  in  the  upper  left  quadrant  where  a  large  spleen  was  felt.  The  pain 
subsided  spontaneously  and  he  was  apparently  free  of  symptoms  until  a  few  months 
before  admission  to  the  hospital.  On  October  26,  1933,  he  was  admitted  to  the  hos- 
pital. He  then  noted  that  the  abdominal  mass  had  considerably  increased  in  size 
and  he  developed  a  feeling  of  pressure.  He  received  eight  x-ray  treatments,  which 
failed  to  diminish  the  size  of  the  spleen,  or  to  relieve  the  pressure.  About  this  time 
he  complained  of  weakness,  headache  and  frequent  nose  bleeds. 

Examination.  Blood  examination,  following  the  course  of  radiotherapy,  showed 
that  the  anemia  had  become  considerably  worse.  Hemoglobin  dropped  to  36  per  cent 
and  red  blood  cells  were  1,570,000.  A  profound  leucopenia  developed  with  600  leuco- 
cytes. The  differential  blood  count  was  said  to  be  normal.  After  a  transfusion  of 
500  cc.  he  felt  better.  Two  additional  transfusions  were  given  without  any  effect. 
He  appeared  very  pale  and  somewhat  dyspneic.  The  spleen  was  felt  well  below  the 
umbilicus. 
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Laboratory  data.  The  blood  picture  on  February  14,  1933,  was  as  follows:  Hemo- 
globin, 71  per  cent;  red  cells,  3,830,000;  white  cells,  2,500;  platelets,  80,000;  non- 
segmented  polymorphonuclear  neutrophiles,  29  per  cent;  segmented  forms,  34  per 
cent;  myelocytes  (neutrophilic),  8  per  cent;  ra.yeloblasts,  1  per  cent;  lymphocytes, 
24  per  cent ;  monocytes,  4  per  cent;  monoblasts,  4  per  100  white  cells;  reticulocytes, 
5  per  cent;  relative  cell  volume,  29  per  cent. 

Course.  The  impression  in  this  case  was  that  of  a  leucopenic  mj^eloid  leukemia. 
The  long-standing  history  and  progressive  enlargement  of  the  spleen  led  us  to  suspect 
that  the  bone  marrow  may  have  become  sclerotic.  A  few  months  later,  during  the 
latter  part  of  June,  1933,  he  complained  of  pains  and  aches  in  the  ankles  and  knees. 
He  found  it  easier  to  walk  than  to  sit  or  lie  down.  There  was  some  edema  of  the 
ankles,  but  no  swelling  of  the  other  joints.  He  noted  marked  dyspnea  on  e.xertion. 
The  abdominal  sj'mptoms  became  more  marked.  The  blood  picture  remained  virtu- 
ally unchanged.  X-ray  e.xamination  of  the  bone  at  this  time  revealed  some  rarefac- 
tion in  some  of  the  bodies  of  the  vertebrae.  At  the  time  of  admission  to  the  hospital, 
the  spleen  could  be  felt  at  the  antero-superior  spine  of  the  ileum.  Later  osteosclero- 
sis and  myelofibrosis  were  found. 

As  a  result  of  the  work  of  Payr,  this  was  considered  a  good  case  for  constriction  of 
the  splenic  artery  for  the  reduction  of  the  size  of  the  spleen  and  for  inducing  a  symp- 
tomatic improvement,  as  far  as  the  pain  and  pressure  in  the  abdomen  were  concerned. 

Operation.  On  October  30,  1933,  a  "'Drosselung"  of  the  splenic  artery  was  per- 
formed under  spinal  anesthesia .  .\  subcostal  left  sided  incision  was  made ;  on  opening 
the  abdomen,  it  was  found  to  be  filled  in  its  entirety  by  the  spleen  covered  hy  the 
mesocolon.  The  splenic  artery,  coursing  along  the  upper  border  of  the  pancreas, 
was  tortuous  and  about  one-half  inch  in  diameter.  A  band  of  fascia  about  one-half 
inch  in  width  and  three  inches  in  length,  obtained  from  the  anterior  rectus  sheath, 
was  placed  about  in  such  a  manner  as  to  occlude  almost  completely  the  lumen  of  the 
artery  (the  fascia  was  wound  about  the  artery).  After  completion  of  this  process, 
no  pulsation  was  felt  in  the  artery  to  the  distal  part  of  the  band  of  fascial  application. 
Although  no  pulsation  could  be  felt,  a  small  amount  of  blood  was  probably  coursing 
through  the  artery.  The  accessor}-  spleen  in  the  lesser  sac  was  removed  for  investiga- 
tion. A  small  rent  in  the  mesocolon  was  sutured  and  the  abdomen  was  closed  in 
layers. 

Postoperative  course.  After  operation,  the  spleen  gradually  diminished  in  size. 
At  the  end  of  a  week  it  was  felt  at  about  the  level  of  the  umbilicus  and  later  about  two 
fingers  below  the  free  border  of  the  ribs.  Convalescence  was  smooth  and  the  general 
condition  seemed  improved.    On  November  30,  1933,  he  was  discharged. 

This  improvement,  however,  was  temporary,  as  anemia  and  weakness  became  pro- 
gressively worse  and  were  not  influenced  by  repeated  transfusions.  The  spleen  in- 
creased in  size  and  again  was  felt  as  low  as  the  antero-superior  spine. 

Second  admission  (December  1,  1934).  A  transfusion  was  given  on  admission. 
His  condition  became  considerably  worse.  A  month  later,  he  became  dyspneic, 
edematous  and  the  hemoglobin  had  fallen  to  16  per  cent.  There  was  apparently  a 
preagonal  leucocythcmic  leukemic  blood  picture.  Before  a  transfusion  could  be 
given,  the  patient  died. 

Necropsy  findings.  Necropsy  was  limited  to  the  examination  of  the  bone  marrow, 
liver  and  spleen  through  small  incisions.  There  was  an  absence  of  true  bone  marrow, 
which  was  replaced  by  dense  fibrous  tissue.  The  spleen  presented  considerable  fibro- 
sis and  myeloid  metaplasia.    There  was  also  some  myeloid  metaplasia  in  the  liver. 

Comment.  There  was  slight  improvement  onl\-  for  a  short  period  following  opera- 
tion. The  spleeri  had  apparently  diminished  in  size  and  again  attained  its  former 
size  about  six  weeks  after  operation.  The  '"Drosselung"  or  constriction  of  the 
artery  did  not  in  any  way  influence  the  progressive  weakness,  anemia  and  general 
condition  of  the  patient. 
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DISCUSSION 

A  review  of  the  literature  shows  that  Hgation  of  the  sjjlenic  artery 
has  been  carried  out  in  a  small  series  of  eases.  In  some  of  the  early  eases 
the  main  artery  it.self  wa.s  not  ligated,  but  some  of  its  branches  instead, 
and  in  other  instances  some  of  the  veins,  and  in  only  a  few  instances  has 
it  proven  successful. 

The  first  ligation  of  the  main  tiunk  of  the  splenic  artery  was  successfully 
performed  by  Lanz  (12)  in  1914  for  an  ectopic  spleen.  In  this  instance, 
the  main  artery  was  ligated,  and  it  is  likely  that  the  spleen  depended  for 
most  of  its  blood  supply  on  this  artery  alone.  This  may  account  for  the 
imusually  good  result.  In  other  cases  the  ligation  of  the  splenic  artery 
was  followed  by  necrosis  of  the  spleen,  which  can  be  considered  virtually  a 
technical  splenectomy.  In  the  cases  of  Banti's  disease  reported  by  Blain 
(3)  and  Cejudo  (6),  abscesses  developed  twenty-one  to  forty  days  after 
operation,  recjuiring  incision  and  drainage. 

This  operation  has  also  been  performed  in  a  few  ca.ses  of  hemolytic  .jaun- 
dice by  Ales.sandri  (1),  Durante  (8)  and  \'aldoni  (23).  Their  results  have 
apparently  been  successful.  Soon  after  the  operation,  clinical  improve- 
ment was  noted  in  all  their  cases. 

Von  Stubenrauch  (21),  in  1922,  was  the  first  to  suggest  the  po.ssible  sub- 
stitution of  simjjle  ligation  of  the  splenic  artery  foi-  splenectomy  in  ca.'^es  of 
thrombocytopenic  purpura.  He  reported  a  favorable  result  in  a  man 
sixty-six  years  of  age  with  typical  symptoms  and  blood  changes  of  thrombo- 
cytopenic purpura.  In  this  case  the  splenic  artery  was  ligated  eight  centi- 
meters from  the  hilum  of  the  spleen.  Following  this,  the  patient  showed 
marked  clinical  impro\ement.  The  reaction  of  the  blood  platelets  cor- 
responded with  those  ob.served  after  splenectomy;  theie  was  a  marked 
initial  rise  and  then  a  return  to  their  former  low  level.  A  few  of  the  red 
blood  cells  showed  the  presence  of  Howell-Jolly  l)odies,  which  usually 
appear  after  splenectomy.  In  1929,  \'on  Stubenrauch  (22)  published  the 
follow-up  of  this  ca.se,  stating  that  about  four  years  after  this  operation, 
there  was  a  recurrence  of  the  purj)ura  which  proved  fatal.  Post-mortem 
examination  showed  the  spleen  to  be  considerably  shi-unken  and  adherent, 
and  it  appeared  to  be  of  normal  consistency.  The  splenic  artery  was  com- 
pletely obliterated. 

Ligation  of  the  splenic  artery  for  acute  thrombocytopenic  piupura  was 
performed  by  Lemaire  and  Debaisieux  (13)  in  1924.  The  ve^.sel  was 
brought  through  the  gastro-epiploic  omentum  and  was  ligated  at  the  upper 
border  of  the  pancreas.  Clinical,  as  well  as  hematologic  imiiro\  ement  was 
reported.  These  authors  highly  recommended  this  simple  procedure  and 
also  noted  that  no  particular  shock  followed  the  operation  when  handling 
the  pancreas.  They  pointed  out  that  the  collateral  circulation  from  the 
inferior  pancreatic  artery  and  the  left  gastro-epiploic  arteiy  prc\cnted 
necrosis. 
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Van  Goidsenhoven  (24)  reported  twelve  cases  mainly  in  children,  in 
which  ten  recovered.  No  immediate  improvement  occurred  in  one  case 
and  the  patient  died  several  months  later  from  pneumonia.  He  considers 
ligation  of  the  splenic  arterj-^  as  the  method  of  choice  for  this  disease.  Be- 
cause the  general  condition  contraindicated  splenectomy,  Alessandri  per- 
formed the  ligation  of  the  splenic  artery  in  two  cases  with  recover}'  in  only 
one.  Alessandri,  always  a  great  advocate  of  ligation,  does  not  approve  of 
this  procedure  in  purpura  as  the  spleen  is  usually  free  and  not  greatly 
enlarged  and  can  be  removed  easily. 

An  immediate  good  response  may  not  occur  after  ligation  in  contrast 
to  the  prompt  response  following  splenectomy.  Such  a  poor  result  leads 
to  a  certain  amount  of  uncertainty  so  that  a  secondary  splenectomy  must 
be  done  after  the  ligation  procedure.  In  two  cases  of  our  own  series  (Cases 
1  and  2) ,  ligation  of  the  splenic  artery  was  followed  only  by  transitory  good 
effect,  and  in  both  cases  a  marked  recurrence  necessitated  secondary' 
splenectomy.  This  was  done  in  one  of  the  cases  and  was  about  to  be 
performed  in  the  second  case,  which  terminated  suddenly.  Likewise, 
others  (Colucci  (7),  Magendie  (14))  have  had  to  follow  the  ligation  by  a 
splenectomy  as  a  result  of  persistence  of  symptoms  or  temporary  improve- 
ment. Postoperative  deaths  have  also  been  reported  after  ligation  by 
Van  Goidsenhoven  (24),  Alessandri  (1),  Bonanno  (4),  and  Magendie 
(14).  The  results  following  splenectomj^  for  thrombocytopenic  purpura 
may  be  considered  better  and  remove  some  of  the  uncertainty  which  follows 
the  ligation  procedure. 

Ligation  of  the  splenic  artery  seems  to  offer  a  less  risky  procedure  in 
certain  cases  of  congestive  splenomegaly  (Banti's  disease)  due  to  cirrhosis 
of  the  liver  of  various  types  with  or  without  ascites.  It  may  be  indicated 
or  w'orthy  of  a  trial  in  advanced  cases  in  poor  physical  condition.  Good 
results  have  been  reported  by  Watson  (26),  Alessandri  (1),  Marques  (16) 
and  Maggiore  (15).  The  latter  obtained  an  excellent  result  in  the  ascitic 
stage. 

In  such  cases  operated  on  by  ligation  a  definite  diminution  in  the  size 
of  the  spleen  followed.  In  two  instances,  the  patients  survived  one  yeav 
(Cases  3  and  4)  and  one  case  for  three  years  (Case  5) .  In  the  latter  case 
the  ascites  subsided  for  tw'o  years.  In  all  these  instances  as  a  result  of 
the  marked  liver  damage,  these  patients  would  have  been  poor  risks  for 
splenectomy.  It  must  be  pointed  out  in  Case  4  that  the  recurrence  of  the 
gastric  hemorrhages  a  year  after  operation  ser\-ed  as  an  indication  for  a 
secondare'  splenectomy.  Following  the  operation  the  patient  developed 
pneumonia,  as  a  result  of  his  poor  physical  condition,  and  died. 

Ligation  of  the  splenic  artery  has  not  been  carried  out  often  in  cases 
where  the  spleen  has  reached  an  abnormally  large  size,  especially  Gaucher's 
disease.  There  is  a  possibility  that  such  an  operation  may  be  followed  by 
extensive  abscess  formation  as  a  result  of  the  necrosis  as  reported  by  Blain 
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(3)  and  Cejudo  (6).  The  substitution  of  fascial  constriction,  as  suggested 
by  Payr  (18),  may  become  of  some  importance  in  an  attempt  to  shrink 
the  enormous  spleen,  as  occasionally  encountered  in  leukemia,  poly- 
cythemia and  Gaucher's  disease.  As  splenectomy  cannot  be  considered 
curative  in  such  instances,  Payr's  method  of  fascial  constriction  may  prove 
to  be  worthy  of  consideration;  in  fact,  Payr  has  carried  out  this  method  with 
apparent  success  in  four  cases.  The  vessel  was  approached  through  the 
gastro-epiploic  omentum.  The  artery  may  be  thus  localized.  A  piece 
of  fascia,  U  x  14  cm.,  obtained  from  the  rectus  sheath  was  employed  as  the 
ligature.  Alc^^sandri  (1)  employed  this  operative  procedure  in  foiu-  cases; 
there  was  one  fatality  but  no  influence  on  the  cour.se  of  the  di.sea.se  in  the 
three  othei"s. 

SUM\L\RY 

1)  Ligation  of  the  splenic  artery  was  performed  in  two  cases  of  purpura 
hemorrhagica,  three  ca.ses  of  splenomegalic  cirrhosis  of  the  liver,  and  a  con- 
striction, or  "Drosselung,"  in  one  case  of  osteosclerotic  anemia. 

2)  The  cUnical  and  hematological  results  varied  considerably.  Xo 
marked  clinical  or  hematological  changes  were  noted  in  the  purpura  hemor- 
rhagicas;  no  improvement  of  the  condition  of  two  cases  of  congestive 
splenomegaly  or  splenomegalic  cirrhosis  of  the  liver,  although  in  the  third 
case  the  ascites  subsided  and  some  improvement  took  place,  in  all  three 
cases  there  was  recurrence  of  hemorrhages  within  a  few  months  to  a  year 
following  the  operation. 

3)  Appreciable  diminution  in  size  of  the  spleen  was  obtained  in  only 
two  cases. 

4)  Follow-up  of  all  cases  indicated  that  except  in  some  instances  of 
congestive  splenomegaly  results  did  not  warrant  the  continuance  of  such 
a  procedure  as  a  substitute  for  splenectomy.  Splenectomy  is  far  superior, 
or  at  least  removes  the  element  of  uncertaint}'  which  sometimes  accom- 
panies a  ligation  of  the  splenic  artery. 
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ECHIXOCOCCUS  CYST  OF  THE  LIVER:  PROLONGED  COURSE 
WITH  OPERATH  E  REMOVAL  AND  COMPLICATING 
THROMBOSIS  OF  PORTAL  VEIN 


SOLOX  S.  BERXSTEIX,  M.I). 
[From  the  Seri'ices  of  Dr.  B.  S.  Oppenheinier  and  l)r.  H.  Lewisohn] 

Hydatid  cysts  occur  in  the  livor  in  much  high(>r  incidence  than  in  all  other 
organs  combined.  Thi.-^  predilection  (about  60  per  cent)  is  obviously  due 
to  the  fact  that  the  liver  is  the  recipient  of  the  blood  flow  of  the  portal 
system  and  hence  of  infective  material  from  the  intestinal  tract.  The 
l)resence  of  a  large  unilocular  hepatic  cyst  is  usually  manifested  by  a  palp- 
able mass  or,  with  multiple  cysts,  by  an  irregular  or  nodular  liver.  Diag- 
nosis is  aided  by  knowledge  of  the  geographic  distribution  of  the  disease  and 
its  epidemiology,  a  history  of  chance  exposure  to  infected  intermediate 
hosts,  chiefly  the  dog  and  sheep,  eosinophilia  of  the  blood,  or  recovery  of 
c'chinococcus  granulosa  from  the  intestine.  In  the  absence  of  any  of  these 
features,  hydatids  may  achie^'e  considerable  size  before  arousing  suspicion 
of  their  presence.  In  cysts  of  long  duration  the  tendency  to  calcific  de- 
posits between  the  external  laminated  cuticle  and  the  internal  parench\-ma- 
tous  laj'er  may  provide  roentgen  ex  idence  of  their  presence.  The  case  to 
be  presented  puzzled  clinicians  for  more  than  four  years.  During  this  time 
two  exploratory  laparotomies  and  exhaustive  laboratory  studies  failed  to 
disclose  the  basis  for  the  bizarre  and  disabling  .symptoms.  The  ultimate 
roentgen  visualization  of  an  o\-al  calcified  area  in  the  liver  finally  establi.shed 
the  diagnosis. 

CASE  REPORT 

// islory  (Adm.  269441).  .\  33  year  old  white  man,  a  native  of  Poland,  was  admitted 
to  The  Mount  Sinai  Hospital  on  May  17,  1926,  with  a  four  months'  history  of  recur- 
rent attacks  of  epigastric  pain,  pyrosis,  intense  weakness  and  moderate  weight  loss. 
His  parents  and  nine  siblings  were  apparenth'  free  of  disease.  He  had  been  married 
for  thirteen  years  and  had  two  healthy  children.  He  was  engaged  in  the  manufac- 
ture of  celluloid  novelties  requiring  long  hours  of  exacting  work.  In  1918  an  ap- 
pendectomy was  performed.  In  1920  he  was  confined  to  bed  for  four  months  with  a 
severe  attack  of  rheumatic  fever:  valvular  heart  disease  was  subsequently  detected. 
Kxertional  dyspnea,  palpitation  and  vague  precordial  pain  occurred  intermittently, 
chiefly  in  cold  weather.  He  did  not  smoke  or  use  alcohol.  Three  years  before  ad- 
mission he  had  a  brief  episode  of  epigastric  pain  similar  to  his  current  attacks.  Fol- 
lowing this  he  was  entirely  free  of  pain  until  the  onset  of  the  present  illness  four 
months  before  admission.  The  onset  of  this  illness  took  the  form  of  a  sudden  at- 
tack appearing  two  hours  after  a  heavy  meal  and  characterized  by  intense  colicky 
pain  radiating  from  the  epigastrium  to  the  sternum,  to  both  shoulders  and  to  the 
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interscapular  region.  Subsequent  attacks,  which  appeared  with  increasing  fre- 
quency, lasted  from  15  to  20  minutes  and  were  associated  with  sour  eructations  which 
gave  relief.  He  had  no  vomiting,  nausea,  jaundice  or  hematemesis.  A  week  before 
admission,  after  eating  a  large  meal,  he  was  suddenly  seized  with  violent  generalized 
abdominal  pain;  he  collapsed  in  the  street  and  was  taken  to  Bellevue  Hospital. 
Prompt  relief  followed  hypodermic  medication  and  he  left  against  advice.  Dull 
epigastric  pain  persisted,  however,  reaching  its  greatest  intensity  about  an  hour 
after  meals.  He  lost  about  20  pounds  in  the  four  months  of  the  present  illness, 
largely  due  to  voluntary  restrictions  and  impaired  appetite. 

Examination:  Despite  his  weight  loss,  he  appeared  adequatelj-  nourished,  and 
was  in  no  apparent  distress.  His  pupillary  reactions  were  normal;  the  fundi 
were  negative.  The  area  of  cardiac  dulness  was  slightly  increased  to  the  left  with 
the  apical  impulse  palpable  10  cm.  to  the  left  of  the  midsternal  line  in  the  fifth  inter- 
space. A  presystolic  crescendo  murmur  was  audible  just  within  the  cardiac  apex 
and  was  followed  by  a  snapping  first  sound;  the  pulmonic  second  sound  was  dis- 
tinctly accentuated.  The  blood  pressure  was  95  systolic  and  65  diastolic.  On 
fluoroscopy,  the  heart  disclosed  distinct  prominence  of  the  pulmonic  conus  with 
some  dilatation  and  hypertrophy  of  the  left  auricle.  The  lungs  appeared  negative. 
There  was  well  marked  tenderness,  but  no  rigidity,  in  the  epigastrium  and  right 
hypochondrium.  A  soft  mass  which  simulated  the  gall  bladder  and  descended  with 
inspiration  extended  3  cm.  below  the  apparently  enlarged  right  lobe  of  the  liver. 

Laboratory  Data:  Blood:  hemoglobin  86  per  cent;  leucocytes,  7,800;  pol3'morpho- 
nuclear  neutrophiles,  53  per  cent;  lymphocytes,  37  per  cent.  The  urine  was  negative. 
The  stools  revealed  no  occult  blood.  On  biliary  drainage,  light  brown  turbid  fluid 
was  obtained,  alkaline  in  reaction;  microscopic  study  showed  numerous  epithelial 
cells,  a  few  leucocytes  but  no  cholesterol  crystals.  Roentgen  examination  both 
with  and  without  the  dye  failed  to  visualize  the  gall  bladder.  The  electrocardio- 
gram disclosed  right  axis  deviation  with  some  prominence  of  the  P  waves. 

Course:  His  symptoms  rapidly  diminished  and  in  a  few  days  he  was  discharged 
with  a  diagnosis  of  chi-onic  cholecystitis  with  pericholecystitis  and  rheumatic  cardio- 
valvular  disease  with  mitral  stenosis. 

Second  Admission:  He  was  readmitted  on  June  8,  ten  days  later,  complaining  of  a 
recurrence  of  severe  right  upper  quadrant  pain,  pyrosis  and  sour  eructations.  Al- 
though there  had  been  no  acute  attack,  and  no  fever,  chills  or  jaundice,  the  distress 
had  become  more  intense.  Examination  disclosed  distinct  tenderness  and  muscle 
spasm  in  the  region  of  the  gall  bladder;  the  suggestive  mass,  previously  described, 
was  no  longer  felt.  In  the  light  of  the  unremitting  nature  of  his  discomfort,  it  was 
felt  that  exploration  was  indicated. 

Operation:  The  gall  bladder  was  neither  enlarged  nor  thickened  and  no  stone 
could  be  felt;  it  was  situated,  however,  low  in  the  liver  bed  and  surrounded  by  ad- 
hesions to  both  liver  and  duodenum.  The  tissues  bled  freely  and  there  was  an 
unusually  large  amount  of  oozing  from  the  liver  bed.  Mobilization  and  removal  of 
the  gall  bladder  were  difficult  on  account  of  its  depth,  with  dissection  begun  at  the 
fundus  and  continued  toward  the  cystic  duct.  The  common  duct  could  not  be  ade- 
quately explored  as  most  of  the  oozing  occurred  during  this  procedure.  There  was 
a  moderate  degree  of  postoperative  shock  and  considerable  bleeding  from  the  wound. 
Several  transfusions  were  required.  Pathologic  study  of  the  gall  bladder  revealed 
"chronic  inflammation." 

Third  Admission  (June  12,  1929):  Interval  History:  The  patient  was  completely 
asymptomatic  for  about  one  year  when  attacks  of  epigastric  pain  recurred.  Jaun- 
dice appeared  during  one  relatively  mild  episode  and  operation  was  advised  at 
another  hospital.  The  pains  were  now  described  as  beginning  with  an  intense  burn- 
ing sensation  in  the  epigastrium  succeeded  in  a  few  minutes  by  lancinating  pain 
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which  racUated  to  both  shoulders,  lasting  intermittently  from  one  to  two  hours  and 
leaving  him  completely  exhausted.  On  the  night  preceding  atlmission,  after  con- 
suming several  cold  drinks,  he  became  nauseated,  vomited  and  had  violent  epigastric 
cramps.    This  attack  was  associated  with  severe  dyspnea  and  palpitation. 

In  view  of  the  recurrent  episodes  of  right  upper  quadrant  pain  following  cholecys- 
tectomy, the  presence  of  a  common  duct  calculus  was  deemed  likely  and  an  explora- 
tory choledochotomy  was  performed  under  spinal  anesthesia.  There  were  many 
adhesions  binding  the  stomach  to  the  anterior  parietes  and  the  duodenum  to  the 
under  surface  of  the  liver;  the  common  duct  was  not  dilated  and  no  stone  was  felt. 
The  pancreas  was  firm  and  nodular  and  the  liver  appeared  slightly  enlarged.  The 
intra-abdominal  adhesions  were  divided  and  the  abdomen  was  closed.  The  icterus 
index,  which  liad  been  55  on  admission  fell  rapidly  to  12.  He  had  numerous  mild 
attacks  of  epigastric  pain  following  operation,  but  was  discharged  apparently  im- 
proved on  July  1,  1929. 

Fourth  Admission  (July  20,  1929):  Interval  History:  Two  days  following  his  dis- 
charge he  had  another  violent  attack  of  epigastric  pain  accompanied  by  jaundice. 
The  distress  persisted  in  diminishing  intensity  until  his  admission. 

Examination:  There  was  a  diffusely  tender  area  in  the  right  upper  quadrant  at 
times  suggesting  the  presence  of  a  mass,  which  moved  with  respiration;  it  did  not 
fluctuate,  and  felt  distinctly  intra-abdominal  with  its  right  border  apparently 
continuous  with  the  right  lobe  of  the  liver.  The  spleen  was  not  felt.  There  was  no 
hepatic  shock  or  costovertebral  tenderness.  The  skin  had  a  diffuse  icteroid  tinge. 
In  the  light  of  the  persistence  of  the  sj'mptoms,  intermittent  jaundice  and  the  nega- 
tive findings  at  two  explorations,  it  was  felt  that  either  a  subacute  hepatitis  or  chol- 
angitis lenta  was  present. 

Laboratory  Data:  Icterus  index,  12;  sedimentation  rate,  30  minutes;  blood  plate- 
lets, 500,000.  Dye  test  with  bromsulfalein  showed  abnormally  high  retention  in  30 
minutes;  Van  den  Bergh  direct  test  showed  delayed  positive  reaction,  and  indirect 
reaction  positive  1  to  100,000  being  equivalent  to  1  mg.  of  bilirubin  per  100  cc.  There 
were  no  leucine  or  tyrosine  crystals  in  the  urine. 

Following  some  amelioration  in  his  symptoms  he  asked  to  be  discharged  on  July 
31,  without,  however,  manifesting  any  objective  change. 

Fifth  Admission  (December  9,  1929):  Following  his  discharge  from  the  hospital 
in  July  1929,  he  had  two  more  attacks  of  violent  right  upper  quadrant  colicky  pains 
associated  with  jaundice. 

Examination:  The  liver  was  palpable  with  diffuse  tenderness  in  the  right  upper 
abdomen  and  moderately  deep  icterus.  The  stools  contained  urobilin;  bile  was 
obtained  on  biliary  drainage.  Although  the  interpretation  of  this  bizarre  clinical 
picture  remained  obscure  the  chief  hypotheses  were:  1)  intermittent  exacerbations 
of  a  chronic  pancreatitis  with  swelling  of  the  head  of  the  pancreas  and  consequent 
compression  of  the  common  bile  duct;  2)  recurrent  catarrhal  duodenitis  with  retro- 
grade extension  of  low  grade  infection  into  the  duct  and  3)  a  mild  steptococcus  viri- 
dans  infection  of  the  biliary  passages.  Following  the  institution  of  two-hour 
duodenal  lavages  with  warm  Carlsbad  salts  he  improved  rapidly  and  the  icterus 
disappeared.  He  was  discharged  on  December  16,  with  instructions  for  self-ad- 
ministration of  drainage.    The  clinical  picture  was  not  clarified. 

Sixth  Admission:  The  abdominal  pain  had  attained  such  severity  that  the  patient 
demanded  relief  even  at  the  cost  of  further  operation.  Jaimdice  had  recurred 
intermittently;  the  temperature  course  had  been  subfebrile.  There  was  direct  and 
rebound  tenderness  over  the  entire  right  upper  region  of  the  abdomen.  Finally 
the  long  standing  mj'stery  surrounding  this  patient's  inexplicable  clinical  picture 
was  resolved  by  an  abdominal  roentgenogram.  This  disclosed  a  large  spherical 
area  of  calcification  about  5  inches  in  diameter  in  the  region  of  the  right  lobe  of  the 
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liver  which  strongly  suggested  intrahepatic  echinococcus  cyst  (fig.  1).  The  skin 
reaction  to  echinococcus  antigen  was  strongly  positive.  Liver  function  tests  re- 
vealed evidence  of  moderate  hepatic  damage.  As  it  was  felt  that  the  presence  of 
the  cyst  accounted  for  all  of  his  bizarre  symptoms,  it  was  decided  to  attempt  its 
removal  when  the  jaundice  had  subsided. 

Operation  (Dr.  Richard  Lewisohn):  On  February  3  the  first  stage  of  a  trans- 
diaphragmatic exposure  of  the  cyst  was  performed  under  gas-o.\ygen  anesthesia. 
The  diaphragmatic  approach  was  deemed  advisable  as  marsupialization  through  the 
abdominal  route  was  not  thought  feasible.  Following  resection  of  the  tenth  rib, 
the  pleura  was  inadvertently  entered  and  the  diaphragm  was,  therefore,  sutured 
to  the  pleural  opening.  The  diaphragm,  which  was  at  no  point  adherent  to  the 
liver,  was  secured  to  the  pleura  of  the  chest  wall  by  interrupted  sutures  and  the 
wound  packed  with  iodoform  gauze. 

The  postoperative  course  of  this  preliminarj'  operation  was  uneventful  and  there 
was  rapid  expansion  of  the  right  lung.  A  week  later,  the  actual  drainage  of  the  cyst 
was  undertaken.    Under  local  anesthesia  part  of  the  eleventh  rib  was  resected  to 


Fig.  1.  Calcified  hepatic  cyst 

secure  more  adequate  exposure.  The  diaphragm  was  incised,  a  needle  introduced 
into  the  cyst,  and  turbid  fluid  was  aspirated.  On  incising  the  cyst,  a  large  quantity 
of  purulent  fluid  containing  numerous  daughter  cysts  was  evacuated.  A  large  tube 
was  introduced  through  the  opening  to  maintain  drainage. 

Course:  For  the  subsequent  few  months  drainage  was  constant.  A  roentgeno- 
gram taken  three  weeks  after  operation  disclosed  considerable  diminution  in  the 
size  of  the  cyst.  Subsequent  films,  at  monthly  intervals,  failed  to  indicate  further 
contraction.  During  this  period  he  showed  progressive  improvement  and  there 
was  no  recurrence  of  either  abdominal  pain  or  jaundice.  He  was  discharged  on  May 
2,  1930,  with  the  drainage  tube  in  situ. 

Seventh  Admission:  (September  7,  1930).  For  a  week  preceding  admission  the 
reappearance  of  epigastric  and  right  upper  quadrant  pains  suggested  the  need  of 
further  study.  The  sinus  had  been  discharging  considerable  quantities  of  sero- 
sanguinous  material.  The  region  of  the  scar  was  exquisitely  tender  but  there  was  no 
rigidity.  He  was  discharged  September  9,  but  he  was  urged  to  return  at  a  later  date 
for  total  enucleation  of  the  cyst. 

Eighth  Admission  (September  12,  1930):  The  patient  was  admitted  for  operative 
revision  of  the  echinococcus  cyst  of  the  liver. 
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Operation  (Dr.  Richard  Lcwisohn):  Following  excision  of  the  scar,  the  eleventh 
rib  was  further  resected  in  its  proximal  part  for  about  2  cm.  During  this  procedure 
a  small  opening  in  the  pleura  was  accidentally  made  and  closed  by  three  interrupted 
catgut  sutures.  The  cavity  of  the  cyst  was  small,  barely  admitting  one  finger,  and 
lined  with  calcareous  masses.  After  an  unsuccessful  attempt  to  separate  these 
masses  with  the  curette,  the  lining  was  partly  removed  by  blunt  dissection.  It  was 
not  deemed  advisable  to  complete  the  procedure  in  one  sitting  and  the  distal  part  of 
the  cavity  was  left  in  situ.  A  large  Mikulicz  dam  was  inserted  into  the  cavity  with 
several  packings. 

Postoperative  Course:  Aside  from  moderately  profuse  oozing,  the  postoperative 
course  was  uncomplicated.  Six  weeks  later,  on  November  10,  1930,  the  second  stage 
was  performed.  The  cyst  was  removed  in  3  pieces,  partly  by  dissection  and  partly 
by  manual  separation  from  the  surrounding  liver  tissue.  It  was  felt  certain  that 
the  entire  cyst  (fig.  2)  had  been  removed.  There  was  very  brisk  bleeding  from  the 
liver  bed.  The  postoperative  reaction  was  severe  due  to  prolonged  and  almost 
intractable  oozing.    Profuse  biliary  drainage  persisted  for  some  time.  Subsequent 


Fig.  2.  Echinococcus  cyst  of  liver,  reconstructed.  (Courtesy  of  Dr.  Richard 
Lewisohn.) 

improvement  was  rapid,  however,  and  he  was  discharged,  apparently  comfortable, 
on  December  30,  1930. 

Xinth  Admission  (.\pril  3,  1931):  He  was  readmitted  to  the  Medical  Service  be- 
cause of  increasing  exertional  dyspnea  and  palpitation,  orthopnea  and  pretibial 
edema  of  two  weeks'  duration.  He  was  found  to  be  in  moderate  congestive  heart 
failure.  The  heart  was  distinctly  enlarged  and  presented  a  mitral  configuration 
on  fluoroscopy.  A  few  moist  rales  were  audible  at  the  right  pulmonarj''  base.  A  loud 
crescendo  presystolic  murmur  was  audible  in  the  third  and  fourth  left  parasternal 
zone  and  the  pulmonic  second  sound  was  snapping  in  c|uality.  The  blood  pressure 
was  100  systolic  and  64  diastolic.  The  electrocardiogram  disclosed  left  axis  devia- 
tion and  an  inverted  T  III.    The  liver  and  s])leen  were  not  felt. 

Laboratory  Data:  Cholesterol,  165  mg.;  ester,  40  mg.  per  cent.  \'an  den  Bergh, 
direct,  negative;  indirect,  1:50,000  (bilirubin,  0.5  mg.).  Blood  proteins:  albumin, 
4.7  per  cent;  globulin,  2.0  per  cent;  total  6.7  per  cent.  The  urine  revealed  a  trace  of 
urobilin. 

Course:  Following  a  week  of  bed  rest  with  fluid  restrictions,  he  improved  rapidly 
and  was  discharged  on  April  11  with  instructions  to  limit  his  physical  activity.  He 
had  no  symptoms  referable  to  the  echinococcus  disease. 

At  the  Follow-Up  Clinic  on  October  28,  1931,  he  was  completely  asymptomatic 
and  had  gained  25  pounds  in  weight. 

Tenth  Admission  (November  15,  1931):  He  was  readmitted  to  the  Surgical  Service 
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because  of  intermittent  right  upper  quadrant  pain  and  nausea  of  several  days'  dura- 
tion. The  examination  did  not  disclose  any  significant  findings  and  with  the  cessa- 
tion of  discomfort  on  the  day  foUownng  admission  he  was  discharged. 

A  roentgenogram  of  the  abdomen  on  ^March  25,  1932  disclosed  no  evidence  of  cal- 
cification in  the  hepatic  region. 

Eleventh  Admission  (September  21,  1932):  Interval  History:  He  had  been  entireh' 
free  of  discomfort  until  four  weeks  before  admission  when  sharp  pain  in  the  right 
upper  quadrant  suddenly  appeared.  He  was  removed  to  another  hospital  where  the 
pain  was  promptly  controlled  with  morphine.  Operation  was  advised  but  refused. 
The  pain,  accompanied  with  the  vomiting  of  bile,  recurred  five  days  before  ad- 
mission. 

Examination:  His  nutrition  was  excellent,  skin  color  good,  and  he  was  in  no  ap- 
parent discomfort.  There  were,  however,  numerous  bizarre  seizures,  almost  daily 
in  occurrence,  w-hich  were  at  first  interpreted  as  hysteria.  The  episodes  were 
heralded  by  the  emission  of  a  sound  similar  to  the  whinnying  of  a  horse  for  several 
minutes  while  he  clutched  at  his  precordium.  He  failed  to  respond  to  questioning  or 
to  painful  stimuli  except  by  fluttering  of  the  eyelids.  The  pulse  became  rapid  and 
the  blood  pressure  rose  to  160  systolic  and  90  diastolic;  consciousness  was  apparently 
lost.  The  seizures  generally  averaged  15  minutes  in  duration  and  were  followed  by 
a  sense  of  extreme  weakness.  He  denied  any  memory  of  the  attacks.  He  was 
transferred  to  the  Neurological  Service  where  more  detailed  studies  of  the  attack 
were  made.  It  was  observed  that  with  the  quivering  of  both  eyelids,  the  ej-eballs 
jerked  forward  synchronously  about  120  times  a  minute;  the  pupils  reacted  to  light; 
the  patellar  and  ankle  jerks  were  active  and  equal;  the  left  superficial  abdominal 
reflexes  were  diminished.  Plantar  stimulation  elicited  no  response  on  either  side. 
Ten  minutes  after  the  attack  the  right  palpebral  fissure  was  wider  than  the  left; 
both  internal  recti  seemed  weak;  the  tongue  deviated  to  the  right;  the  left  side  of 
the  soft  palate  was  apparently  lower  than  the  right;  the  right  knee  jerk  w^as  more 
active  than  the  left. 

Coitrse:  It  was  felt  that  a  metastatic  echinococcus  cyst  in  the  third  ventricle  in  the 
region  of  the  quadrigeminal  plate  might  explain  the  clinical  picture.  His  patently 
psychoneurotic  behavior,  however,  and  the  inconstant  and  specious  sensory  changes 
tended  to  militate  against  the  possibility-  of  a  focal  lesion  in  the  central  nervous 
system.  His  subsequent  peculiar  behavior  strengthened  the  concept  of  a  psycho- 
neurosis  with  extreme  suggestibility  and  hyperreaction.  During  his  period  of  ob- 
servation on  the  Neurological  Service,  the  blood  eosinophiles  never  exceeded  4  per 
cent. 

With  recurrence  of  the  right  upper  abdominal  pain  he  was  admitted  to  the  Monte- 
fiore  Hospital  on  April  10,  1933.  There  was  a  moderate  secondary  anemia  but  no 
eosinophilia.  An  abdominal  x-ray  examination  following  intravenous  thorotrast 
revealed  the  liver  distinctly  outlined  and  approximately  normal  in  size;  the  spleen 
was  slightly  enlarged.  Further  roentgen  studies,  following  the  injection  of  air  into 
the  peritoneal  cavity,  disclosed  numerous  adhesions  attaching  the  liver  to  the  sur- 
rounding structures.  All  other  laboratory  studies  were  negative.  Although  he 
experienced  no  recurrence  of  the  pain  while  in  the  hospital,  he  had  numerous  hys- 
terical seizures  and  displayed  persistent  emotional  instability. 

Twelfth  Admission  (October  15,  1935):  After  a  period  of  18  months  of  relative 
comfort,  severe  epigastric  pain  with  midscapular  radiation  recurred  and  was  followed 
during  the  three  weeks  preceding  admission  by  three  large  hematemeses  and  tarrj- 
stools.    Jaundice  had  been  absent. 

Examination:  His  nutrition  was  good  but  his  behavior  was  distinctly  psycho- 
neurotic. The  left  upper  lid  was  ptosed:  pupillary  reactions  were  normal.  The 
abdomen  was  soft  and  there  was  no  visible  evidence  of  collateral  circulation.  There 
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was  a  very  tender  protrudinp;  riglit  lumbar  incisional  hernia  containing  intestine. 
The  liver  descended  3  cm.  below  the  costal  margin  and  was  quite  tender.  A  firm 
spleen  descended  2.5  cm.  There  was  no  detectable  ascites  or  scrotal  varicosities. 
There  was  moderate  clubbing  of  the  fingers  and  toes.  The  blood  pressure  was  104 
systolic  and  76  diastolic.  A  neurologic  survey  disclosed  a  right  Horner  syndrome, 
nystagmoid  movements  of  the  eyes,  facial  asymmetry  and  unequal  knee  jerks. 
These  were  interpreted  as  due  to  a  residual  process,  probably  encephalomyelitic  in 
nature.  His  prolonged  illness  apparently  served  as  a  specific  psychogenic  back- 
ground accounting  for  the  extreme  overflow  of  pain  stimuli. 

Laboratory  Data:  Blood:  hemoglobin,  80  per  cent;  red  blood  cells,  4,350,000; 
platelets,  150,000;  white  blood  cells,  2,400  with  non-segmented  polymorphonuclear 
leucocytes,  8  per  cent,  segmented,  51  per  cent;  lymphocytes,  31  per  cent;  monocytes, 
6  per  cent;  eosinophiles,  4  per  cent.  Roentgen  gastro-intestinal  studies  with  special 
reference  to  the  esophagus  disclosed  the  presence  of  many  large  esophageal  varices 
(fig.  3);  the  duodenal  bulb  was  drawn  far  up  into  the  right  upper  quadrant  by  ad- 
hesions; the  liver  appeared  small;  the  spleen  distinctly  enlarged. 


S.  i;.si)j)hagcal  varices 


Course:  In  the  light  of  the  enlarged  spleen,  recurrent  hematemcses,  leucopenia, 
thrombocytopenia  and  esophageal  varices,  the  diagnosis  of  splenic  or  portal  vein 
thrombosis  was  considered  probable.  The  history  of  repeated,  although  remote, 
attacks  of  jaundice,  suggested  either  an  independent  or  associated  hepatic  cirrhosis. 
The  patient  was  discharged  on  October  27,  1935  with  his  condition  essentially  un- 
changed. 

Thirteenth  Admission  (June  3,  1937) :  Interval  History:  Following  his  discharge 
in  October  1935,  the  patient  remained  chronically  ill,  suffering  with  abdominal  pain 
of  variable  intensity,  at  times  almost  inducing  collapse.  Relief  was  secured  by 
increasing  quantities  of  morphine.  There  was  no  nausea,  vomiting  or  diarrhea. 
Episodes  of  hematemesis,  amounting  to  6  to  12  ounces  of  dark  red  blood  appeared 
every  3  or  4  months.  Following  the  vomiting  of  over  a  quart  of  blood  one  month 
preceding  admission,  several  transfusions  were  administered  at  another  hospital. 
Bleeding  recurred  almost  immediately  after  his  discharge.  With  persistent  bleeding, 
progressive  enlargement  of  the  abdomen,  orthopnea  and  ankle  edema,  he  was  re- 
admitted to  the  Medical  Service. 

Examination:  He  presented  a  ghastly  pallor  and  moderate  air  hunger,  and  was 
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still  vomiting  blood:  he  barely  responded  to  stimuli.  The  heart  rate  was  rapid,  130 
beats  per  minute,  and  the  sounds  were  muffled.  There  was  considerable  ascites  and 
well  marked  ankle  edema.  The  blood  pressure,  at  first  unobtainable,  rose  after  3 
transfusions  to  60  systolic  and  40  diastolic;  he  remained  in  shock  for  about  24  hours. 

Laboratory  Data:  Blood:  hemoglobin,  29  per  cent:  red  blood  cells,  1,600,000;  white 
blood  cells,  9,000  with  90  per  cent  polymorphonuclear  leucocytes,  6  per  cent  mono- 
cytes, 3  per  cent  lymphocjtes  and  1  per  cent  myelocytes;  platelets,  30,000.  The 
clotting  time  was  1  minute:  bleeding  time,  3  minutes:  clot  retraction  was  normal. 
The  blood  urea  nitrogen  was  25  mg.  per  cent;  glucose,  175  mg.  Icteric  index,  3. 
Total  proteins,  4.9  per  cent.  The  urine  contained  occasional  leucocj'tes,  red  blood 
cells  and  granular  casts.  The  stool  reaction  for  blood  was  strongly  positive.  The 
electrocardiogram  disclosed  low  voltage  in  all  leads. 

Course:  Following  six  transfusions  in  the  course  of  four  days  he  showed  some  im- 
provement. Diffuse  bronchopneumonia  developed  and  he  was  placed  in  an  oxygen 
tent.  On  the  fifth  day  the  abdominal  distention  increased,  extreme  tenderness  ap- 
peared in  the  right  upper  quadrant,  and  a  distinct  fluid  wave  with  shifting  dulness 
in  the  flanks  was  detected.  The  blood  platelet  count  had  fallen  to  35,000.  Mesen- 
teric thrombosis  was  suspected  and  abdominal  puncture  was  performed.  A  free 
flow  of  serosanguinous  fluid  resulted.  With  the  resolution  of  the  bronchopneumonia 
and  cessation  of  the  bleeding,  improvement  was  gradual  with  a  rise  of  hemoglobin 
to  56  per  cent,  a  rise  of  blood  pressure  to  110  systolic  and  68  diastolic,  and  of  platelets 
to  50,000.  Blood  disappeared  from  the  stools  and  edema  and  ascites  rapidlj-  dimin- 
ished. On  the  eleventh  day,  while  at  rest,  he  suddenh-  vomited  about  1500  cc.  of 
blood  and  went  into  collapse.  Despite  transient  improvement  after  repeated  tran?- 
fusions,  he  lapsed  into  coma,  air  hunger  reappeared,  his  temperature  rose  to  106'  F. 
and  he  expired  three  days  later. 

Necropsy  Findings:  The  abdomen  was  greath'  protuberant  with  marked  bulging 
in  the  flanks  due  to  the  presence  of  over  4000  cc.  of  amber-colored  fl  lid.  The  lower 
borders  of  the  liver  and  spleen  did  not  extend  below  the  costal  margins.  There  were 
numerous  omental  adhesions  to  the  old  cholecystectomy  scar  and  to  the  region  of  the 
porta  hepatis  as  well  as  to  the  hilus  of  the  spleen.  The  omentum  contained  many 
distinctly  dilated  vessels.  There  was  a  great  deal  of  fat  about  the  porta  hepatis 
and  pancreas.  The  left  lobe  of  the  liver  was  greatly  shrunken  and  attached  by 
adhesions  to  the  diaphragm:  these  adhesions  contained  numerous  vessels.  The 
postero-lateral  surface  of  the  liver  was  firmly  adherent  to  a  dense  mass  of  connective 
tissue  which  was  at  least  5.0  cm.  in  thickness:  this  was  in  turn  adherent  to  the  opera- 
tive scar.  The  superior  surface  and  a  portion  of  the  posterior  surface  of  the  liver 
were  firmly  adherent  to  the  diaphragm.  Thorax:  There  was  a  small  amount  of  clear 
colored  fluid  in  the  pleural  cavity.  The  base  of  the  right  lung  was  firmh-  adherent  to 
the  right  dome  of  the  diaphragm.  There  were  scattered  firm  pleural  adhesions  over 
the  three  lobes  of  the  right  lung.  Lungs:  There  was  intense  hyperemia  throughout. 
The  trachea  and  bronchi  were  deeply  injected  and  full  of  frothy  sanguinous  fluid. 
The  pulmonary  arteries  and  veins  showed  no  unusual  features.  Heart:  Enlarged, 
weighing  360  gms.  The  right  auricle  was  dilated  and  hypertrophied.  The  endo- 
cardium was  smooth.  The  right  ventricle  was  moderately  dilated  and  enlarged. 
The  mitral  leaflets  were  difi'usely  thickened.  There  was  delicate  shelf  formation 
and  gross  vascularization.  The  leaflets  were  slightly  fused  with  straightening  of 
the  insertion  of  the  chordae  tendinac.  The  latter  were  all  considerably  thickened. 
A  few  grayish-red  verrucae  were  present  on  the  line  of  closure  of  the  anterior  leaflets. 
The  cusps  of  the  aortic  valve  were  all  thickened  with  marked  fusion  at  the  commis- 
sures. There  was  a  grayish-red  verruca  on  the  semilunar  fold  of  the  posterior  cusp. 
There  was  an  accessory-  right  coronary  ostium.  The  coronary  arteries  disclosed  only 
scattered  yellowish  intimal  streaks.    Liver:  The  liver  was  very  small  and  weighed 
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approximately  1100  gnis.  Tlio  (liapl^■a}^m  and  fibrous  scar  tissue  were  adherent  t  ) 
the  right  lobe.  The  left  lobe  was  represented  by  a  tongue-like  projection  about  10 
cm.  in  length,  5  cm.  in  width  and  2  cm.  in  thickness.  Where  no  adhesions  were  i)ref- 
ent,  the  capsule  was  smooth  and  thin.  The  underlying  parenchyma  had  a  definitely 
brownish  tinge.  The  right  lobe  was  also  small  and  deformed  in  the  posterolateral 
position.  Section  through  the  scar  tissue  in  this  area  revealed  its  extension  to 
within  3  cm.  of  the  main  portal  vein  before  liver  parenchyma  was  encountered. 
Within  the  scar  tissue  were  many  large  vessels  and  some  bile  ducts.  Xo  gross  evid- 
ence of  echinococcus  cyst  disease  was  seen.  Another  section  through  the  right 
lobe  of  the  liver  revealed  a  dirty-brown  moist  parenchyma.  The  normal  architec- 
ture was  not  easily  discernible.  The  central  zones  were  indistinctlj'  visualized  as 
grayish-red  areas.  The  portal  areas  appeared  enlarged  and  were  grayish-white  and 
fibrous  in  appearance.  The  larger  bile  duets  were  all  dilated.  Section  through  the 
left  lobe  of  the  liver  showed  a  similar  picture  except  for  the  deep  red  congested  ap- 
pearance of  the  central  zones.  The  hepatic  arteries  and  veins  showed  no  unusual 
features.  Portal  Vein:  This  was  the  seat  of  extensive  disease.  Beginning  at  its 
origin  in  the  splenic  area  there  were  many  cord-like  thickenings  of  the  intima  and 
web-like  bands  which  split  the  lumen  into  septa.  A  similar  but  not  so  extensive 
change  was  present  in  the  superior  mesenteric  vein.  In  addition,  in  the  superior 
mesenteric  vein,  about  2  cm.  from  its  junction  with  the  splenic  vein,  there  was  a 
reddish-gray  somewhat  friable  mass,  2  cm.  in  length,  projecting  about  10  mm.  into 
the  lumen.  Within  the  portal  vein  about  2  cm.  from  the  junction  of  the  splenic 
and  superior  mesenteric  veins  there  were  a  number  of  web-like  bands,  similar  to 
those  described,  which  prevented  the  penetration  of  a  probe,  .\fter  section  above 
this  point  the  portal  vein  could  be  picked  up  again  and  showed  a  lumen  about  1  cm. 
in  diameter.  Into  this  lumen  entered  a  greatly  enlarged  superior  pancreaticoduo- 
denal vein  and  a  distinctly  dilated  coronary  vein.  Two  centimeters  further  along 
in  the  portal  vein  there  was  a  sac-like  dilatation  with  occlusion.  The  portal  vein 
within  the  liver  was  of  normal  size  and  on  probing  toward  the  porta  hepatis  the  ob- 
struction described  was  encountered.  The  gall  bladder  was  absent.  The  common 
and  hepatic  ducts  were  dilated  and  thickened.  The  papilla  of  Vater  was  prominent 
and  no  obstruction  was  encountered.  Spleen:  The  spleen  was  moderately  enlarged, 
weighing  425  gms.  It  was  purplish,  flabby  and  the  capsule  was  wrinkled.  On  sec- 
tion it  was  diffluent  and  the  trabeculation  definitely  increased.  The  Malpighian 
corpuscles  could  not  be  easily  identified.  There  were  numerous  minute  hemorrhagic 
areas  throughout.  The  radicles  of  the  splenic  veins  were  not  unusual.  The  splenic 
arteries  appeared  normal.  The  short  gastric  veins  were  dilated  and  distended. 
Pancreas:  The  pancreas  was  markedly  infiltrated  with  fat.  The  ducts  were  not 
dilated.  The  kidneys  were  essentially  normal.  Esophagus:  The  esophagus  was 
extremely  edematous,  particularly  in  the  submucosal  layer.  There  were  a  number 
of  large  varices  in  the  lower  and  middle  third.  Just  adjacent  to  its  junction  with  the 
stomach  there  were  two  small  grayish-white  projecting  masses  with  black  centers 
which  surmounted  varices.  Stomach:  The  stomach  showed  congestion  of  the  mu- 
cosal vessels  and  dilatation  of  the  short  gastric  veins.  The  coronary  vein  and  its 
branches  were  also  dilated  and  distended.  Intestines:  The  small  intestines  showed 
no  unusual  features.  There  was  a  large  quantity  of  clotted  blood  in  the  colon  and 
rectum.  There  were  no  points  of  bleeding  throughout  the  large  intestine  and  the 
mesenteric  vessels  were  not  remarkable. 

Microscopic:  Liver:  The  lobules  were  atrophied  and  the  cords  and  sinusoids  nar- 
rowed. The  portal  vein  was  completely  obliterated  in  most  of  the  fields;  in  others, 
it  was  widely  patent.  The  hepatic  arteries  were  small  and  appeared  narrow.  The 
section  through  the  right  lobe  of  the  liver  disclosed  considerable  scarring  and  a  large 
mass  of  dense  collagenous  tissue.    There  were  numerous  areas  of  atrophy  of  liver 
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cells  in  the  adjacent  lobules.  Centrolobular  congestion,  atrophj^  and  necrosis  were 
distinct.  The  section  through  the  occluded  portal  vein  and  its  entrance  into  the 
liver  showed  complete  fibrotic  obliteration  with  recanalization.  Portal  Vein:  The 
section  taken  near  the  hilus  of  the  liver  showed  a  dense  fibrous  thickening  of  the  in- 
tima.  Splenic  Vein:  A  section  taken  about  6  cm.  from  the  hilus  of  the  spleen  showed 
a  projecting  nodular  fibrosis  with  thickening  of  the  intima  and  vascularization. 

COMMENT 

The  appearance  of  hydatid  disease  in  a  man  who  has  lived  in  this  country 
for  the  greater  part  of  his  hfe  with  no  knoA\Ti  exposure  to  an  intermediate 
host,  is  worthy  of  note.  Epidemiologic  study  of  sporadic  cases  has  been 
successful  as  a  rule,  in  tracing  a  specific  exposure  or  in  unearthing  a  history 
of  residence  in  a  district  where  the  disease  is  endemic.  Xo  such  facts  were 
noted  in  this  case.  Additonal  features  of  interest  were  the  persistent  ab- 
sence of  eosinophilia  during  the  eleven  years  of  observation,  the  roentgen 
appearance  of  calcification  of  the  cyst  wall  as  the  first  hint  of  its  presence, 
and  the  failure  of  dissemination  of  secondary  hydatids  in  spite  of  prolonged 
opportunity. 

The  removal  of  the  cj-st  which  occupied  the  greater  part  of  the  right  lobe 
of  the  liver  involved  extensive  trauma  to  the  surrounding  parenchj-ma  \^•ith 
the  development  of  den.se  postoperative  adhesions.  These  factors  con- 
tributed to  the  eventual  thrombosis  of  the  portal  and  splenic  veins.  Re- 
canalization  of  the  thrombi  accounts  for  the  unusually  long  survival. 

The  bizarre  neurological  picture  which,  for  a  time,  suggested  metastatic 
echinococcus  cyst  of  the  third  ventricle  in  the  region  of  the  quadrigeminal 
plate,  proved  to  be  the  peculiar  manifestations  of  an  hysterical  response  to 
suffering  which  had  become  intolerable. 

SUMMARY 

1.  A  huge  solitary  hepatic  echinococcus  cyst  eluded  diagnosis  until  cal- 
cification of  its  wall  permitted  roentgen  indentification. 

2.  The  cyst  was  completely  excised  after  a  series  of  hazardous  pro- 
cedures.   There  was  unavoidable  trauma  to  the  surrounding  tissues. 

3.  Portal  and  splenic  vein  thromboses  ensued  and  the  patient  finally 
succumbed  several  years  later  to  exsanguinating  hemorrhages  from  esoph- 
ageal varices. 
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SELECTIOXS  FROM  THE  NOTEBOOK  OF  A 
HOSPITAL  AD.MINISTRAT0R1 


E.  M.  BLUESTOXE,  M.D. 
[Director,  Montefiore  Hospital,  New  York] 

The  clinician  entering  the  office  of  the  hospital  administrator  carries 
within  his  personality  an  organizational  problem  which  has  a  direct  as 
well  as  an  indirect  relationship  to  the  agenda  of  their  meeting.  Whatever 
it  may  be  that  troubles  him  and  requires,  in  his  opinion,  administrative 
assistance,  his  very  presence  is  i)roof  that  hospital  administration  is  a 
cooperati\-e  undertaking.  The  summon  bonum  in  hospital  administra- 
tion is  the  one  in  wliich  the  clinician  has  an  understanding  attitude  toward 
administrative  technique  and  in  which  the  administrator  has  an  under- 
standing attitude  toward  clinical  procedure,  leading  to  mutual  respect  and 
producti\e  effort.  Failure  on  the  part  of  hospital  administrator  and 
clinician  to  understand  each  other  fulh-  and  to  pull  together  in  the  common 
interest,  may  prove  to  be  an  insurmountable  barrier  to  hospital  progress, 
and  therefore  to  scientific  progress. 

Assuming  that  the  governing  authorities  have  given  the  medical  staff 
an  administrator  who  will  have  their  respect,  there  will  still  be  some 
handicaps  which  they  will  have  in  the  presence  of  each  other.  For  this 
reason,  a  certain  amount  of  adjustabilit}-  must  be  exhibited  on  both  sides. 
The  administrator  who  lives  up  to  all  of  the  requirements  of  inspired 
leadership  may  expect  to  be  looked  upon  at  times,  and  particularly  by 
those  who  chafe  under  restraint,  as  the  sj^mbol  of  oppressive  rules  and 
regulations.  For  this  situation  there  is  no  complete  and  infallible  remedy. 
The  administrator  who  would  protect  his  office  from  the  demoralizing 
inroads  of  the  unfriendly  critic,  must  be  willing  to  make  frequent  clear 
statements  of  policy  and  explain  matters  patiently,  while  reserving  the 
right  to  withhold  premature  comment.  The  intelligent  ho.spital  adminis- 
trator knows  the  depths  of  the  sea  in  which  he  is  sailing  and,  if  he  is  in 
doubt,  takes  occasional  soundings  to  make  .sure.  Like  the  captain  of  a 
ship  at  sea,  he  fears  the  fog  more  than  he  fears  the  storm. 

One  of  the  essential  requirements  of  the  hospital  administrator  is  the 
gift  of  vision  or,  in  lieu  of  this,  the  gift  of  seeing  and  making  practical  use 
of  vision  in  others.  In  parlous  times  like  these,  howe\'er,  the  clinician 
must  be  easy  with  his  judgments  and  must  not  expect  too  much  from  the 

*  A  discursive  glance  at  patient,  administrator,  philanthropist,  physician,  social 
worker  and  lay  employee. 
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administrator.  Visibility  is  poor,  the  ceiling  is  low  and  there  are  storm 
clouds  in  all  directions,  some  of  them  no  larger  than  a  man's  fist  as  yet. 
At  the  moment  very  few  social  woi-kers  can  see  beyond  their  own  noses. 

The  clinician  must  not  lose  his  balance  when  he  finds  the  hospital  admin- 
istrator at  times  inaccessible.  Time  is  a  limited  and  often  intangible 
determinant.  Obviously  one  cannot  personally  conform  with,  the  ideas 
of  every  last  member  of  the  working  staff  on  all  occasions.  Like  every 
executive,  the  administrator  must  discover  ways  and  means  of  making  the 
best  use  of  his  day.  His  intra-mural  life  con.sists  in  large  part  of  corre- 
spondence, written  and  oral.  "Put  it  in  writing"  seems  almost  like  a 
command  performance  at  times.  Personal  inter\iews,  which  offer  more 
room  for  expansion,  are,  therefore,  more  eagerly  sought.  They  are  at 
least  as  useful  as  written  correspondence  in  revealing  the  mind  of  the 
petitioner.    A  few  examples  might  here  be  cited. 

Take,  for  instance,  the  gentleman  who  calls  to  exchange  a  few  pleas- 
antries, scatters  a  few  flattering  remarks  and,  after  a  while,  often  a  long 
while,  retreats  courteously  to  the  door  where  he  discovers  that  he  has 
forgotten  something  ("Oh,  b}^  the  way  .  .  .")  The  postscript,  so  to  speak, 
turns  out  to  be  the  essential  reason  for  the  visit,  though  you  would  seldom 
guess  it,  his  manner  having  been  so  thoroughly  smooth  and  disarming. 
If  the  administrator  is  on  the  alert,  reason  will  prevail  and  the  interests 
of  the  hospital  will  be  protected.  If  not,  he  wins,  having  put  something 
over  painlessly  as  well  as  successfully'.  Beware  of  the  visitor  who  does 
not  wear  his  motives  on  his  sleeve. 

Another  tj^pe  is  the  one  who  might  be  described  as  a  time-waster.  When, 
to  be  courteous,  we  ask  him  how  he  feels  today,  he  takes  us  seriously  and 
goes  into  great  detail.  Our  eyes  .shift  upward  tactfully  to  the  clock  on  the 
wall,  with  an  innocent  look  which  indicates  that  time  may  be  flying  for 
one  of  us  if  not  for  the  other;  but  he  goes  on,  even  though  he  promised  to 
take  "only  a  few  minutes"  of  our  time.  This  is  the  ^-Lsitor  on  whom  time 
hangs  heavily,  so  heavily  in  fact,  that  he  can  neither  understand  nor 
appreciate  an  appointment  system.  He  just  happened  to  be  in  the  neigh- 
borhood and  thought  that  he  might  take  the  opportunity  of  dropping  in 
and  talking  things  over.  Oftentimes  he  is  too  important  to  be  turned 
away.  One  case  in  this  category,  who  requires  delicate  treatment,  is  the 
one  who  has  time  as  well  as  mone.y  to  .spend  and  forgets  for  a  long  moment 
the  importance  of  good  budgeting  habits. 

Nor  do  our  troubles  end  with  face  to  face  experiences  Uke  these.  One 
of  the  telephones  hard  by  might  go  into  action  at  any  moment,  however 
embarrassing  that  moment  might  be.  Again  "I'll  onh'  take  a  minute  of 
3'Our  time"  and  we  paw  the  ground  impatiently,  forgetting  that  it  might 
have  been  worse.  An  efficient  secretary,  personal  tact,  a  good  sense  of 
timing,  and  the  ability  to  speak  gently  as  well  as  diplomatically,  must  all 
be  combined  and  brought  into  pla}',  if  matters  are  to  be  expedited.  "Put 
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it  in  writing"  is  helpful,  ospocially  if  one  is  not  a  good  listener,  but  "drop 
in  and  let's  talk  it  over"  is,  after  all,  desirable,  if  one  is  eager  to  escape  the 
accusation  of  unapproachability. 

Our  petitioner  is  not,  as  a  rule,  as  efficient  as  we  are  in  the  employment 
of  time  to  the  best  ad\'antage.  Moreover,  he  is  sure  that  his  case  grows 
stronger  as  he  multiplies  his  reasons.  He  is  under  an  emotional  strain 
at  times  and  does  not  see  the  woods  for  the  trees.  One  must,  therefore, 
hold  on  to  himself  while  remembering  that  optimistic  remark  of  Goethe 
"We  are  not  unhappy — we  are  only  impatient." 

The  administrator  must  be  careful  with  his  judgments  and  decisions, 
for  one  .'seldom  gets  all  the  facts.  He  does,  indeed,  begin  life  with  a  handi- 
cap. Unlike  the  worker  in  the  exact  sciences,  he  cannot  hope  to  be  gov- 
erned comjjletely  in  his  decisions  by  a  repetition  of  similar  cases  occurring 
in  .series.  ("Hard  cases  make  bad  law.")  He  must  often  say  "no"  when 
he  wishes  with  all  his  heart  that  he  could  say  "yes."  He  must  protect 
the  interests  of  the  grouj),  while  hearing  the  needs  of  the  individual  in 
mind.  He  is  hampered  by  rules  and  regulations  which,  paradoxically,  are 
largely-  of  his  own  making.  He  knows  that  the  tendency  to  laj^  down 
policies,  to  make  rules  and  regulations,  to  develop  schemes  of  organization, 
and  then  to  adjust  patients  and  personnel  to  them  is  bound  to  defeat  the 
purpose  of  the  hospital  in  the  long  run. 

The  greatest  blessing  that  could  be  vouchsafed  to  the  sick  who  are  con- 
fined to  the  wards  of  a  hospital,  is  the  per.sonal  interest  of  the  hospital 
administrator  in  the  bedside,  for  that  is  where  the  lessons  in  humanity  are 
to  be  learned.  In  the  larger  hospitals  the  administrator  is  overwhelmed 
at  times  by  "paper-work"  which  puts  an  unreasonable  burden  on  him  and 
compels  him  to  give  more  attention  to  the  business  departments  of  the 
hospital  than  to  the  professional  departments  which  are  of  more  immediate 
concern  to  his  patients.  ]Manv  mistakes  occur  in  the  wards  before  they 
come  to  the  notice  of  the  administrator,  who  lends  encouragement  to  their 
repetition  if  he  is  addicted  to  vicarious  methods  of  administration.  Xo 
one  knows  better  than  the  executive  that  there  is  more  to  the  administra- 
tion of  a  hospital  than  may  be  seen  from  his  office  and  that  there  is  a 
difference  between  arm-chair  and  bedside  administration.  "The  letter 
killeth"  in  ho.spital  administration,  as  in  all  other  forms  of  human  ad- 
ministration. 

If  the  administrator  could  be  as  much  concerned  with  mistakes  in  the 
wards  as  he  is  with  tho.se  that  occur  in  the  business  departments,  ho.spitals 
would  be  farther  ahead  on  their  path  of  communal  service.  The  contrast 
between  the  neglect  of  the  clinical  audit  and  the  uniform  insi.stence  upon 
the  periodic  financial  audit  is  striking.  It  is  one  of  the  paradoxes  of  hos- 
pital administration  that  far  more  attention  is  paid  to  the  fuel  that  goes 
into  the  boiler  than  to  the  food  that  is  to  sustain  or  restore  the  patient,  for 
whose  sake  the  hospital  and  its  power  plant  ha\  o  come  into  existence. 


412 


E.  M.  BLL'ESTOXE 


Perhaps  this  is  because  the  results  of  failure  are  more  tangible  in  the  first 
case  than  in  the  second.  The  inanimate  machine  does  not  complain;  it 
simply  stops  working.  It  is  a  major  task  in  itself  to  make  .sure  that  the 
right  patient  receives  the  right  dose  of  the  right  medicine  at  the  right  time. 

In  his  dealings  ^\'ith  the  medical  staff  the  hospital  administrator  is 
dependent,  to  a  large  degree,  on  the  governing  authorities.  The  char- 
acter of  the  trustee  is  a  good  mea.sure  of  the  quahty  of  the  hospital.  Men 
who  maintain  high  standards  of  business  and  private  life  can  be  depended 
upon  to  maintain  equally  high  standards  in  philanthropic  actiAdties  for 
which  they  share  re.spon.sibility.  Charitable  institutions  like  these  deal 
with  no  stockholders,  no  commercial  profits,  no  dividends  and  no  merchan- 
dise other  than  human  suffering  which  must  be  reheved  by  charity  in  its 
broadest  sense.  "VMiile  the  business  affairs  of  a  hospital  may  show  a 
surplus  or  a  deficit,  in  scientific  affairs  there  is  always  a  deficit  and  never  a 
surplus.  (Note  Goldwater:  "A  deficit  is  often  the  sj-mbol  of  a  noble 
ambition.") 

Vested  interests  belong  in  a  different  category-.  The  trustee  who,  in  good 
faith  and  with  the  best  intentions  in  the  world,  becomes  addicted  to  a 
hobby  in  the  hospital  must  not  complain  when  he  is  reminded  that  his 
"babj^" — as  some  of  them  fondlj'  call  it — may  be  thromng  the  budget  out 
of  balance.  Philanthropy  is  at  its  best  when  full  confidence  in  the  im- 
partiality of  the  governing  board  brings  gifts  that  have  no  stiings  attached 
to  them. 

We  have  no  contract  with  philanthi-op\" — only  a  gentleman's  agreement. 
The  ho.spital  administrator  and  chnician  must,  therefore,  join  hands  for 
the  purpose  of  maintaining  a  philanthropic  establishment  which  is  con- 
vincing, and  worthy  of  the  charitable  hearts  that  maintain  them.  To 
some  departments  of  the  hospital  it  is  given  to  make  a  larger  contribution 
than  to  others.  The  coldest  of  laboratory  investigators  must  admit  that 
the  social  service  department  which,  though  it  came  later,  may  be  consid- 
ered the  spiritual  ancestor  of  the  modern  hospital,  is  the  conscience  of  the 
hospital.  To  this  department  the  staff  physician  must  be  wilhng  to  come 
for  whatever  help  it  can  give  in  bringing  about  a  cure  for  the  patient. 
Medication  for  a  given  patient  may  or  may  not  prove  to  be  remedial. 
The  surgical  operation  ma}'  or  may  not  prove  to  be  successful,  but  medical 
social  service,  without  exception,  alwaj's  produces  beneficial  results  and 
its  place  in  the  hospital  budget  should  therefore  be  safeguarded. 

Patience  is  more  frequenth'  a  characteristic  of  the  social  service  depart- 
ment than  it  is  of  the  chnical  departments  of  the  hospital — which  prompts 
me  to  add  that  the  true  humanitarian  never  becomes  reconciled  to  suffering. 
Medical  social  service  is  a  modern  concept.  Not  so  long  ago  it  belonged 
body  and  soul  to  the  field  of  "charitj'."  We  have  changed  the  name,  but 
not  the  object  of  this  department.  The  "department  of  social  welfare" 
in  the  community  has  far  more  to  recommend  it  than  the  "department  of 
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charities,"  for  one  of  the  great  advances  made  during  the  last  generation 
has  boon  tho  recognition  that  the  roci))iont  of  relief  in  any  form  is  entirely 
within  liis  rights  and  privileges,  and  that  the  donor  of  such  rohef,  whether 
government  or  voluntary,  is  honor  bound  to  provide  it  as  generously,  as 
gracefully,  and  as  sympathetically  as  the  English  language  makes  possible. 

The  introduction  of  tho  scientific  spirit  into  the  practice  of  medicine, 
especially  into  hospital  practice  where  tho  physician  may  choose  his  cases 
if  he  is  disposed  to  do  so,  has  brought  with  it  as  an  undesirable  by-product 
a  regrettal)le  lack  of  interest  in  those  i)atients  \-aguel3'  classified  as  chronic, 
in  whom  permanent  tissue  changes  have  already  taken  place  and  in  whom 
spectacular  cures  are  no  longer  considered  possible.  Some  of  the  incurable 
patients  of  yesterday  are  the  curaljle  jjatients  of  today.  It  is,  therefore, 
reasonable  to  expect  that  some  of  tho  incurable  patients  of  today  will  be 
the  ciu'ablo  patients  of  tomorrow.  The  use  of  the  term  "incurable"  should 
be  condemned  as  conve.ying  an  atmosphere  of  finality  about  the  patient, 
as  if  the  social  agents  had  passed  a  life  sentence  from  which  there  is  no 
appeal.  Wo  would  be  teaching  good  medical  practice  to  students  of 
medicine  and  the  social  sciences  and  wo  would  be  giving  to  the  investigator 
an  opportunity  to  study  his  problem  through  to  a  conclusion,  if  patients 
could  bo  kept  luider  control  from  the  onset  of  illness  until  tho  complete 
cure  has  been  achieved  beyond  reasonable  doubt.  The  scientific  and 
humane  care  of  the  patient  requires  that  ho  be  kept  under  observation 
until  the  natural  history  of  his  illness  has  taken  its  course.  The  physician 
who  does  not  seek  tho  line  of  least  resistance  and  who  selects  tho  obscure 
rather  than  tho  obvious  in  clinical  medicine,  is  at  a  premium  in  hospitals. 

There  is  enormous  advantage  in  continuity  of  care,  provided  interest 
in  the  patient  can  be  sustained.  At  the  present  time  the  sick  man  who  has 
all  the  luck  is  in  the  acute  short-term  classification — not  too  acute,  because 
then  ho  has  no  choice — has  an  interesting  and  tangible  condition  and  meets 
tho  requirement  of  the  voluntary  hosjMtal  on  .social,  economic  and  clinical 
grounds.  One  can  almost  judge  the  quality  of  the  acute  general  hospital 
by  the  kind  of  "clinical  material"  which  it  transfers  to  other  institutions 
such  as  hospitals  for  chronic  disease,  almshou.ses  and  convalescent  homos. 
The  ability  to  administer  to  the  needs  of  a  chronic  patient  successfully  is, 
after  all,  the  acid  test  of  the  indi^•idual  organization  that  cares  for  him. 
"Never  say  die"  is  the  typical  motto  of  any  hospital.  It  is  obviously  our 
duty  to  keep  a  hopele.ss  patient  ali\'o  as  long  as  we  can.  Tlie  hospital 
which  permits  curability'  as  an  absolute  criterion  for  admi.ssion,  in  an  age 
when  differences  of  opinion  on  the  subject  are  still  sharp,  parts  company 
with  a  fundamental  principle  of  humanity.  The  criteria  of  scientific  in- 
terest, ]3rognosis,  curability,  age  and  economic  condition  should  never  be 
established  as  an  instrument  of  policy  by  tho.so  who  are  responsible  for  the 
maintenance  of  philanthropic  institutions.  The  process  of  differentiation 
whereby  contagious  and  obstetrical  ca.ses  are  separated  out  and  segregated 
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is  easily  defended  on  social  grounds,  but  the  desire  for  specialization  based 
on  duration  of  disease,  wherebj-  the  chronic  groups  (looseh^  termed  chronic, 
incurable  and  aged)  are  similarly  isolated  and  often  forgotten,  can  have  no 
defense  that  has  a  humanitarian  basis.  We  might  note,  in  passing,  that 
research  in  chronic  disease  produces  dividends  which  enable  the  strong 
the  better  to  enjoj'  their  strength.    "Sweet  are  the  uses  of  adversity." 

The  chronic  hospital,  existing  independently  of  the  acute  general  hos- 
pital, is  as  expensive  as  it  is  difficult  to  maintain.  (There  is,  therefore, 
only  one  independent  hospital  for  chronic  disease  of  high  standard,  in  the 
voluntary  classification,  of  which  we  have  any  knowledge.)  Some  day 
we  shall  learn  that  the  true  medical  center  seeks  to  learn  and  to  teach  the 
natural  history  of  disease  in  all  of  its  phases,  acute,  chronic,  and  "incur- 
able," from  infancy  to  old  age,  in  a  group  of  buildings  which  separates 
patients  phj^sically  for  their  spiritual  well-being,  yet  gives  them,  without 
exception,  the  most  expert  medical  care  available  now  for  only  one  of 
these  groups. 

These  random  selections  reach  next  to  the  unfortunate  patient  who  is 
discharged  from  the  hospital  the  wrong  way.  Rightly  looked  at,  every 
death  is  a  cluneal  failure.  The  study  of  the  causes  of  such  failures  is  the 
very  essence  of  preventive  medicine.  Under  these  circumstances,  the 
hospital  is  moralh^  obligated  to  make  every  reasonable  effort  in  all  cases 
to  determine  the  exact  cause  of  death.  This  should  be  a  fixed  rule,  for 
the  additional  reason  that  discoveries  in  the  realm  of  medicine  and  surgery 
are  not  in  proportion  to  the  amount  of  aA  ailable  clinical  material.  The 
progressiveness  of  a  hospital  is,  indeed,  in  direct  ratio  to  the  laboratory 
spirit  which  it  maintains. 

Clinical  failures  are  extenuated  somewhat  when  those  who  managed  the 
case  seek  to  bring  them  to  view  in  order  to  prevent  their  repetition.  Every 
patient  who  goes  to  his  grave  ^nth  a  clinical  secret,  unstudied,  is  a  reproach 
to  our  humanitarian  ideals.  Hospitals  must  keep  faith  vrith  the  dead  as 
with  the  hving.  There  is  nothing  that  will  mature  an  interne  more  rapidly, 
nor  cause  him  to  think  more  deeply,  than  the  discussion  \rith  the  nearest 
relative  of  the  advisabiUty  of  post-mortem  examination. 

Men  of  science  avoid,  with  great  care,  the  publication  of  a  misleading 
statement,  and  do,  indeed,  retract  it,  if  it  was  made  in  good  faith  and  proved 
to  be  wrong.  Yet  there  ought  to  be  a  riile  in  scientific  medical  societies 
requiring  a  checkup  of  all  cases  reported  cured,  within  a  year  or  so  after 
the  claim  has  been  made.  Xo  hospital  should  hasten  to  claim  cures  until 
they  have  been  established  in  the  follow-up  clinic  beyond  reasonable  doubt. 
If  the  failures  in  hospitals  were  reported  as  often  as  the  successes,  and  if 
the  successes  were  checked  back  from  year  to  year  to  discover  whether 
time  has  compelled  any  changes  in  conclusions  reached  at  an  earUer  date, 
case  histories  would  have  greater  scientific  value.  The  record  room  of  the 
hospital  is  eloquent  on  this  point  and  does,  indeed,  contain  the  mirror  of 
scientific  progress  in  the  ho.spital. 
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Sir  AValter  [Morley  Fletcher,  secretary  of  the  British  Medical  Research 
Council,  once  said  "Every  step  forward  in  medical  science  is  a  step  toward 
abolishing  svu'gery."  Here  is  an  observation  which  hospitals  would  do  well 
to  ponder.  Several  years  ago  Dr.  Libman  made  the  illuminating  recom- 
mendation that  members  of  the  visiting  staff  be  required  hy  a  rule  of  the 
hospital  to  sit  down  for  at  least  one  minute  at  the  bedside  of  every  patient 
during  rounds  in  the  ward.  Memoranda  like  these  are  prominent  in  my 
notebook.  The  tendency  to  select  interesting  cases  for  special  attention 
is  imderstandable,  but  not  to  be  encouraged  by  the  administration  of  any 
hospital.  Criticism  of  hospitalization  in  America  (particularly  in  large 
hospitals)  has  always  been  aimed  at  the  prevailing  method  of  treating 
selected  patients  in  wards  and  neglecting  to  individualize,  which  often 
result  in  the  loss  of  the  most  valuable  single  opportunity  to  bring  the 
patient  back  to  health  and  in  the  failure  to  win  his  friendship  for  the 
hospital. 

The  patient  is  the  social  entity  without  whom  the  hospital  would  have 
no  reason  for  existence.  The  moral  obhgation  of  the  hospital  toward  the 
ward  patient  is  not  altered  by  the  fact  that  he  may  not  bring  legal  suit 
against  a  charitable  institution.  The  social  and  medical  exploitation  of 
the  ward  (charity)  patient  is  niade  easy  by  his  poverty  and  the  weakness 
of  his  protest.  We  are,  therefore,  under  a  double  obhgation  to  avoid  it. 
The  poor  man  hesitates  to  complain  when  he  gets  something  for  nothing. 
He  does  not  for  the  moment  see  the  necessity  for  progress  in  medical  science 
and  may  be  permitted  an  increased  degree  of  selfishness  as  a  protective 
mechanism  in  his  struggle  for  life. 

In  the  wards  the  patient  finds  him.self  one  of  many.  He  is  required  to 
show  consideration  for  sick  neighbors,  with  whom  he  must  share  the  sym- 
pathies and  attention  of  the  staff.  He  naturally  craves  for  the  personal 
interest  of  someone  to  replace  those  who  would  never  have  left  his  side,  or 
relaxed  in  their  solicitude  for  his  welfare,  if  he  had  stayed  at  home.  Sick- 
ness is  a  humiliating  experience  for  anyone  to  endure  under  any  circum- 
stances. When  society  made  the  decision  that  patients,  lacking  financial 
means  with  which  to  purchase  adequate  care,  could  not  be  treated  at  home 
during  acute  illness  with  the  best  results,  and  considered  it  in  the  interest 
of  the  sick  (and,  incidental!}-,  in  the  doctors'  interest)  to  herd  them  in 
wards  where  they  could  be  treated  on  a  time-saving  and  efficiency  basis, 
an  extraordinarily  great  risk  and  responsibility  were  assumed. 

The  sick  man  has  the  right  to  ask  for  the  personal  interest  of  the  physi- 
cian to  whom  he  is  assigned,  without  regard  to  am^  other  consideration 
than  the  relief  of  the  condition  for  which  he  seeks  treatment.  The  improve- 
ment of  his  habits  should  not  be  undertaken  during  illness,  unless  these 
habits  interfere  with  his  recovery,  or  jeopardize  the  interests  of  other 
patients.  The  mere  fact  of  being  sick  is  not  a  disgrace,  no  matter  what  the 
sickness  may  be.  To  be  sick  with  a  disease  which  could  have  been  pre- 
vented with  reasonable  care  is  decidedly  to  the  discredit  of  the  patient  who 
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is  not  the  onlj'  one  to  take  the  consequences,  and,  one  might  add,  to  the 
communitj'  which  may  not  have  done  its  full  duty  in  enlightening  him. 
To  continue  to  suffer  from  sickness  under  any  circumstances,  wdthout 
seeking  the  rehef  which  medical  men  individuallj''  and  in  their  organized 
forms  can  give  is  a  grave  injustice  to  everyone  concerned.  Thus  the 
sj^mpath}'  of  the  hospital  must  become  aroused  and  it  finds  that  it  has  an 
educational  duty  to  the  community. 

The  patient  must  always  be  given  the  benefit  of  any  doubt.  The  legal 
right  of  selection,  retention  and  discharge  of  patients,  which  voluntary" 
hospitals  enjoy,  often  screens  a  lapse  from  humanitarianism  in  the  admit- 
ting room  and  in  the  wards.  How  long  is  it  since  the  value  of  the  hospital 
to  the  community  was  measured  popularl}'  by  its  mortality  rate?  Xo 
decent  hospital  would  now  think  of  selecting  its  patients  on  the  basis  of 
the  comparative  risk  in\'oh'ed.  We  are  reminded  here  that  it  is  the  social 
service  department  which  bears  the  burden  of  the  unwanted  patient,  be- 
cause it  must  deal  with  the  consequences  when  the  medical  staff  or  hospital 
executive  puts  through  a  "rush  order."  It  is  the  social  worker  who  is  left 
holding  the  bag  when  the  medical  men  decide  that  they  have  exhausted 
all  of  their  efforts  on  behalf  of  the  patient. 

The  patient  should  not  be  expected  to  consent  to  a  major  operative 
procedure  until  his  confidence  has  been  won  in  the  operator  and  the 
operation.  It  is  part  of  the  surgeon's  duty  to  convince  the  patient  of  the 
need  for  such  radical  treatment  and  this  cannot  always  be  accomplished 
hy  labor-saving  devices.  Even  in  the  mechanical  field,  labor-saving 
devices  at  the  bedside  of  the  patient  have  therapeutic  possibilities  up  to  a 
certain  point  and  therefore  have  a  limited  future. 

Too  often  a  patient  is  recorded  on  discharge  as  cured  when  he  is  cured 
only  of  the  effects  of  a  surgical  operation  and  not  of  the  disease  for  which 
he  was  operated.  The  mere  relief  of  signs  and  symptoms  is  the  more 
primitive  type  of  cure,  while  the  relief  of  the  underlying  condition  is  a 
modern  achievement.  A  case  should  not  be  stamped  cured  until  it  is 
definitely  and  finally  known  to  be  so  from  all  of  the  scientific  factors  at  our 
disposal,  including  the  element  of  time.  The  ph^'sician  might  reflect  on 
the  thought  that  time  is  still  the  great  healer  and  as  dependable  as  e^'er. 

The  identification  and  treatment  of  disease  is  an  important,  but  not  an 
exclusive  method  of  dealing  with  the  problems  of  the  sick  man.  In  the 
earlier  days  of  the  hospital,  the  knowledge  of  materia  medica  was  suflficient 
qualification  for  the  practice  of  medicine,  but  a  finer  appreciation  of  en- 
vironmental factors  in  their  relation  to  human  infirmities  finalh'  .showed  the 
importance  of  discovering  and,  if  possible,  correcting  social  maladjust- 
ments incidental  to  disease.  People  who  live  in  communities  where  the 
modern  hospital  flourishes,  pass  their  lives  in  a  more  or  less  congested 
environment  in  which  everj'^  move  of  major  importance  in  their  lives  has 
its  effect  on  the  lives  of  their  neighbors.    One  of  the  paradoxes  of  our 
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civilized  life  is  the  faith  that  many  people  have  in  the  extraordinarj'-  sub- 
stances which  are  used  in  the  treatment  of  disease  (such  as  chemical  com- 
pounds of  complicated  formulae)  in  contrast  to  the  seeming  lack  of  interest 
in  the  routine  foodstuffs  which  are,  indeed,  taken  for  granted  since  they 
somehow  manage  to  regulate  themselves.  The  psychological  explanation 
for  this  may  be  the  challenge  of  the  unusual  and  the  mysterious,  and  the 
craving  for  immediate  spectacular  results  from  treatment.  There  is  a 
great  deal  of  waste  in  public  and  pi'ivate  expenditure  brought  about  by 
misleading  advertisement  and  self-seeking  practitioners  who  know  the 
commercial  value  of  a  fear  complex. 

The  medical  profession  has  been  slow  to  learn  that  the  treatment  of  a 
patient  is  not  always  a  matter  of  drugs  or  surgery,  and  has  paid  dearly  for 
its  conservatism  in  the  growth  of  a  number  of  cults  which  magnify  out  of 
all  proportion  some  form  of  cure  which  has  restricted  scientific  application. 
This  is,  partly,  the  fault  of  the  hospital,  which  may  not  have  provided  a 
reasonable  amount  of  experimental  equipment  for  the  detection  and  en- 
couragement of  scientific  talent.  As  every  hospital  administrator  knows, 
physicians  and  surgeons  have  selective  interests  in  various  kinds  of  clinical 
material.  This  information  should  be  exploited  to  the  best  advantage  of 
the  patients.  Xo  field  of  medical  activity,  including  dentistry,  may  safely 
be  neglected,  or  over-emphasized  at  the  expense  of  others. 

A  word  of  caution  should  be  added  as  the  hospital  moves  along  the 
progressive  road  toward  perfection.  The  latter-day  attempt  to  stand- 
ardize criteria  and  definitions  in  a  field  where  practically  all  clinical  situa- 
tions are  unprecedented  is  a  hazardous  game  from  the  standpoint  of  pubHc 
health  and  .should  be  undertaken  only  with  the  greatest  of  care  and  fore- 
thought. The  problem  is  how  to  bring  the  patient  back  to  health  by  the 
best  methods  known  and  with  the  least  discomfort  to  him,  while  gathering 
facts  concerning  his  illness  which  will  enable  us  to  improve  these  methods. 
Xo  rule  of  thumb  will  apply.    Every  patient  is  an  individual  problem. 

On  final  analysis,  the  hospital  administrator  after  discharging  his  duty 
toward  his  patients,  is  the  servant  of  the  medical  staff  and  must  be  at  its 
disposal  for  the  advancement  of  the  work  of  the  hospital.  Though  fortune 
may  favor  the  physician,  the  scientific  and  not  the  financial  yardstick  is 
the  measure  of  his  ultimate  importance.  The  administrator,  working  on  a 
full-time  basis,  and  the  scientist  working  either  as  a  volunteer,  full-time 
or  part-time,  have  a  contribution  to  make  on  a  cooperative  basis  and 
neither  one  can  hope  for  success  acting  alone. 


A  NOTE  ON  THE  RELATIONSHIP  BETWEEN  JAUNDICE  IN 
PIGS  AND  JAUNDICE  IN  HUMAN  BEINGS 


GEORGE  BLUMER,  M.D. 
[Xew  Haven,  Conn.] 

There  are  two  types  of  infectious  hepatitis  (infectious  jaundice)  which 
occur  in  the  United  States:  1)  Spirochetosis  icterohemorrhagica  or  Weil's 
disease,  and  2)  a  non-spirochetal  form. 

Weil's  disease  is  rather  rare  in  the  United  States,  the  number  of  proven 
cases  is  small,  and,  so  far  as  I  can  discover,  there  have  been  no  epidemics 
here,  such  as  occurred  in  Europe  during  W^orld  War  I. 

Non-spirochetal  jaundice  has  been  known  here  since  the  earlj^  part  of  the 
nineteenth  century,  occurs  sporadically  as  so-called  "catarrhal"  jaundice, 
and  also  occurs  in  the  form  of  family,  institutional  and  regional  outbreaks. 
At  times  epidemics  are  state-wide,  as  was  the  case  in  New  York  State  in 
1921  and  1922. 

Both  forms  of  infectious  hepatitis  are  probably  world-wide  in  distribu- 
tion, for  although  the  cause  of  the  non-spirochetal  form  is  unknown,  cases 
clinically  resembling  this  type  of  the  disease  have  been  observed  in  various 
parts  of  the  world;  the  same  is  true  of  Weil's  Disea.se. 

The  purpose  of  this  brief  communication  is  to  call  attention  to  the 
relationship  between  infected  pork  and  the  non-spirochetal  type  of  in- 
fectious jaundice,  in  the  belief  that  this  question  has  not  been  sufficiently 
studied  in  this  country. 

The  histories  of  two  patients  will  serve  as  a  te.xt : 

CASE  REPORTS 

Case  1.  Mrs.  A.  and  her  friend  ^Nliss  X  had  lunch  together  January  4,  1935.  The 
luncheon  consisted  of  liot  roast  pork  sandwiches,  made  with  untoasted  bread,  canned 
green  peas,  and  tea.  On  the  morning  of  January  5,  Mrs.  .\.  experienced  severe  pain 
in  the  small  of  the  back,  so  that  she  had  difficulty  in  turning  in  bed.  She  improved 
under  symptomatic  treatment  and  felt  well  enough  January  9  to  be  out  of  bed. 
January  10,  after  a  short  automobile  ride  she  became  nauseated  and  vomited,  the 
vomitus  being  bitter,  green  mucus.  January  11  she  was  constipated  and  vomited 
again.  At  the  ne.xt  bowel  movement  it  was  noted  that  the  feces  were  grayish  and  this 
persisted  for  several  days.  Meanwhile  the  temperature  was  ranging  from  99  to 
100.4°F.  by  mouth,  there  was  loss  of  appetite,  drowsiness,  prostration,  and  jaundice 
had  appeared.  Physical  examination  showed  that  the  skin  and  mucous  membranes 
were  lemon-yellow.  The  tongue  was  coated.  The  abdomen  was  slighth'  distended. 
The  liver  and  spleen  were  not  enlarged,  but  there  was  tenderness  over  the  liver, 
especially  in  the  region  of  the  gall-bladder.  The  heart  and  lungs  were  normal. 
The  urine  contained  a  trace  of  albumin,  yielded  a  strong  test  for  bile,  and,  under 

418 


JAUNDICE  IX  PIGS  AND  HUMAN  BEINGS 


419 


the  microscope,  showed  many  leucocytes.  The  fever  continued  for  about  ten  days, 
the  jaundice  gradually  faded  and  had  completely  gone  at  the  end  of  two  weeks,  and 
recovery  ensued. 

Case  2.  On  the  morning  of  January  6,  1935,  Miss  X,  who  was  just  beginning  a 
menstrual  period,  developed  low  abdominal  pain,  felt  faint,  and  vomited.  She 
stayed  at  home  and  was  seen  bj-  her  family  doctor  January  10.  At  this  time  she  felt 
miserable,  had  back  and  leg  aches,  and  her  skin  had  become  distinctly  yellow.  She 
had  no  ai)petite,  and  her  bowels,  always  sluggish,  were  more  constipated  than  usual. 
She  had  slight  fever,  not  more  than  a  degree.  Her  skin  was  somewhat  itchy.  Exam- 
fnation  showed  that  the  skin  was  lemon-j'ellow  and  the  conjunctivae  were  orange- 
yellow.  The  tongue  was  clean  but  over-red.  The  spleen  was  palpable  on  deep 
inspiration.  The  liver  could  be  felt  4  cm.  below  the  costal  margin  in  the  right  mid- 
clavicular line;  the  edge  was  tender,  especially  in  the  gall-bladder  region.  The 
heart  and  lungs  were  normal.  The  urine  contained  a  trace  of  albumin  and  was  loaded 
with  bile  and  casts.  The  leucocyte  count  varied  between  7,600  and  8,800.  A  differ- 
ential count  showed  polymorphonuclear  leucocytes,  77  per  cent;  small  mononuclears, 
18  per  cent:  large  mononuclears,  3  per  cent:  eosinophiles,  2  per  cent.  This  patient 
also  recovered  after  about  three  weeks  of  illness. 

Here  then,  were  two  friend.s  who  had  taken  a  meal  in  common,  and  each 
of  whom  developed,  within  a  day  or  two  after  the  meal,  the  clinical  picture 
of  infectiou.s  hepatitis.  There  was  nothing  in  the  meal  which  was  likely 
to  have  caused  an  infectious  process  except  pork;  bread,  tea,  and  canned 
peas  all  seemed  unlikely  sources. 

The  question  of  the  method  of  transmission  of  the  non-spirochetal  tj'pe 
of  infectious  hepatitis  has  been,  and  still  is,  the  subject  of  discussion. 
The  three  types  of  transmission  which  seem  possible,  in  the  face  of  existing 
e\  idence,  are  I)  transmission  by  contact,  either  direct  or  through  fomites; 
2)  droplet  infection;  and  3)  infection  through  the  alimentary  tract.  , 

It  is  difficult,  in  practice,  to  clearly  separate  infection  by  contact  from 
droplet  infection.  For  example,  in  the  outbreak  of  infectious  jaundice 
in  Fond-du-Lac  County,  Wisconsin,  described  in  my  article  of  1923,  there 
was  good  evidence,  obtained  by  plotting  the  cases,  that  the  disease  was 
spread  by  the  association  of  children  at  country  schools.  It  would  be 
almost  impos.sible  to  decide  in  such  circumstances,  whether  infection  re- 
sulted from  direct  contact,  from  fomites,  or  from  droplet  infection;  all 
could  be  possibilities.  It  is  to  be  noted  also  that  in  this  epidemic  many 
small  towns  were  completely  spared  and  that  the  largest  town  in  Fond-du- 
Lac  County  had  only  a  few  scattered  cases.  Quite  obviously  this  situa- 
tion throws  doubt  on  spread  by  contact  or  droplet  infection  only,  because, 
aside  from  school  contact,  opportunities  for  contact  in  cities  are  usually 
greater  than  they  are  in  the  country.  If  the  disease  is  commonly  trans- 
mitted b}-  contact  or  droplet  infection,  it  would  be  expected  that  cities, 
with  their  bu.ses,  street  cars,  movies,  and  other  places  of  public  congrega- 
tion, would  be  more  favorable  to  such  spread  than  country  districts. 
The  fact  that,  in  the  Fond-du-Lac  County  outbreak,  the  disease  was  more 
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prevalent  in  the  country  and  that  this  could  not  be  explained  on  the  suj)- 
position  of  contact  or  droplet  infection  alone,  raises  the  question  whether 
some  other  method  of  spread  was  not  present. 

One  is  struck  hy  the  resemblance  of  this  situation  to  that  pictured  by 
Andersen  in  his  charts  showing  that  in  Denmark,  infectious  hepatitis  is 
much  more  prevalent  in  the  country  districts  than  in  the  cities.  Ander- 
sen's explanation  is  that  this  difference  is  due  to  the  fact  that  the  inhabi- 
tants of  the  countr}-  are  much  more  likely  to  eat  uninspected  pork  than  the 
inhabitants  of  the  cities.  There  is  no  doubt  that  in  this  state,  and  manj- 
other  American  states,  a  similar  situation  prevails. 
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We  may  point  out  that  outbreaks  of  a  classical  pork-bome  disease, 
trichinosis,  are  much  more  likely  to  occur  as  a  result  of  the  consumption  of 
vminspected  pork,  home  slaughtered  in  the  countn.%  than  they  are  in  the 
cities,  where  most  of  the  pork  has  had  at  least  gross  inspection,  and  where 
sporadic  cases  are  more  common. 

Credit  is  due  to  Thime  -Andersen  (1),  of  Copenhagen,  for  calling  attention 
to  the  relationship  between  infectious  jaundice  in  hogs  and  infectious 
jaimdice  in  human  beings.  In  his  first  article,  published  four  years  ago, 
Andersen  showed  that  jaundice  in  hogs  was  prevalent  in  Denmark,  es- 
pecially in  the  country  districts;  that  the  presence  of  this  disease  did  not 
result  in  the  rejection  of  flesh  from  such  hogs  as  food,  unless  the  jaundice 
was  verj'  intense;  and  that  there  was  a  rough  correlation  between  the 
number  of  jaundiced  pigs  sold  and  the  incidence  of  infectious  jaundice  in 
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human  beings  in  different  districts.  In  brief,  ho  presented  epidemiological 
evidence  that  strongly  suggested  a  relationship  between  porcine  and  human 
infectious  hepatitis. 

In  a  second  article  covering  animal  experiments  with  hepatitis,  published 
bj-  Andersen  and  Tulinius  (2),  it  was  shown  that  human  infectious  hepatitis 
could  be  transmitted  to  pigs,  and  that  the  infection  could  then  be  passed 
from  these  to  other  pigs.  It  was  shown  also,  that  the  pathological  lesions 
of  human  and  porcine  hepatitis  were  identical. 

The  cause  of  the  condition  was  not  discovered,  and  one  may  suspect 
that  it  is  probably  a  filterable  ^•irus.  Supporting  this  view  is  the  known 
fact  that  immunization  of  human  being.s  hy  attenuated  viruses,  notabh" 
that  of  yellow  fe\er,  is  not  infrequently  followed  by  infectious  jaundice. 
However,  it  is  still  a  question  whether  this  may  not  be  purely  coincidental. 

In  view  of  my  experience  with  the  two  patients  reported  in  this  paper 
I  took  up  with  the  State  Health  Department,  and  also  with  the  Depart- 
ment of  Agriculture  in  A\'ashington,  the  question  of  jaundice  in  pigs  in  the 
United  States.  I  found  that  the  disease  was  not  officially  recognized  but 
that  there  was  little  doubt  that  it  occurred.  The  Department  of  Agri- 
culture, in  fact,  called  my  attention  to  the  report  of  an  epidemic  in  Iowa. 
However,  it  was  obvious  that  no  special  attention  had  been  focussed  on  the 
infectious  hepatitis  of  pigs  as  a  possible  source  of  human  disease.  In 
correspondence  with  Dr.  Thune  Andersen  I  found  that  an  exactly  similar 
situation  had  existed  in  Denmark.  In  a  letter  written  me  in  1938  he 
says:  "You  too  said,  that  the  authorities  did  not  know  anything  about 
porcine  hepatitis.  It  was  just  the  same  case  here  in  Denmark,  and  I 
had  great  trouble  to  get  the  exact  numbers  of  the  infected  pigs  here." 

In  conclusion,  I  would  state  that  it  is  not  my  purpo.se  to  claim  that  the 
non-spirochetal  type  of  infectious  hepatitis  is  always  due  to  the  consump- 
tion of  pork  from  jaundiced  pigs.  It  is  quite  pos.sible  that  the  disea.se  ma}' 
be  transmitted  in  \-arious  ways,  including  droplet  infection  and  contact. 
The  point  I  wish  to  emphasize  is,  that  the  possibility  of  transmi.ssion  of 
infectious  hepatitis  from  pig  to  man  has  not  been  sufficiently  considered 
in  this  country,  and  that  this  question,  as  well  as  the  more  general  one  of 
the  prevalence  of  infectious  jaundice  in  American  pigs,  needs  further 
investigation. 
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ANGINA  PECTORIS  AND  THE  PEPTIC  ULCER  SYNDROME 


Preliminary  Report 

ERNST  P.  BOAS,  M.D.,  and  HYMAX  LEVY,  M.D. 
[Xew  York] 

Although  statistical  studies  do  not  reveal  an  unusually  high  incidence  of 
peptic  ulcer  in  patients  with  coronary  artery  sclerosis  (1),  these  two  condi- 
tions manifest  many  striking  relationships,  which  may  give  rise  to  several 
clinical  patterns.  Most  dramatic  are  cases  in  which  acute  recurrent  symp- 
toms of  peptic  ulcer,  and  the  simultaneous  onset  of  symptoms  of  angina  . 
pectoris  are  ushered  in  by  an  attack  of  severe  epigastric  pain,  accompanied  i 
by  electrocardiographic  changes  typical  of  acute  myocardial  damage. 

CASE  REPORTS 

Case  1.  History.  A.  G.,  a  man,  was  first  seen  at  the  age  of  60  complaining  of  dizzi- 
ness, intensified  by  bending  or  twisting  the  head.  At  the  age  of  42  he  had  had  an 
operation  for  peptic  ulcer  and  had  experienced  no  subsequent  symptoms.  Examina- 
tion revealed  slight  enlargement  of  the  left  ventricle,  and  a  blood  pressure  of  190 
systolic  and  90  diastolic.  The  electrocardiogram  showed  the  QRS  slurred  in  all 
leads,  and  measuring  0.12  second.  Thereafter  he  was  confined  to  the  house  most  of 
the  time  because  of  weakness,  particularly  manifested  in  the  legs  on  walking.  About 
nine  months  later  he  was  awakened  one  night  by  an  attack  of  severe  epigastric  pain 
which  lasted  three  hours,  and  which  was  associated  with  spasm  of  the  upper  abdomen. 
Following  this  attack  his  weakness  increased,  and  six  weeks  later  he  began  to  com- 
plain of  left  upper  parasternal  and  epigastric  pain  occurring  two  hours  after  meals, 
and  awakening  him  at  2  A.M.  The  pain  was  relieved  by  food  and  by  alkali.  During 
this  same  period  he  experienced  similar  left  chest  and  epigastric  pain  on  walking, 
compelling  him  to  slow  his  pace.  This  pain  on  effort  occurred  at  any  hour  of  the 
day. 

Examination  three  months  after  the  severe  nocturnal  attack  showed  no  change  in 
the  cardiac  findings.  However,  the  T  wave  had  become  low  and  diphasic  in  lead  I 
and  negative  in  lead  IV.  These  findings  evidenced  progressive  myocardial  damage. 
There  was  no  abdominal  tenderness. 

Comment.  In  this  case  a  prolonged  severe  attack  of  nocturnal  epigastric  pain 
was  followed  by  recurrence  of  symptoms  of  peptic  ulcer,  and  the  development  of 
symptoms  of  angina  pectoris.  These  were  followed  by  changes  in  the  electrocardio- 
gram indicative  of  myocardial  damage.  Does  this  sequence  represent  a  coronary 
closure  with  epigastric  localization  of  pain,  or  simultaneous  vascular  damage  in  the 
gastroduodenal  and  the  coronary  arteries?  We  have  described  a  similar  case  in  which 
roentgen  and  electrocardiographic  studies  revealed  simultaneous  cardiac  infarction 
and  peptic  ulcer  (2). 

In  other  cases,  with  long  standing  ulcer  symptoms,  the  acute  onset  or 
recurrence  of  anginal  pain  has  the  post-prandial  timing  of  peptic  ulcer. 
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This  is  particularly  striking  in  patients  with  grailual  closure  of  a  coronary 
artery,  or  so-called  prodromal  symptoms  of  coronaiy  tlnombosis,  in  whom 
anginal  attacks  at  rest  occur  repeatedly  one  to  two  hours  after  meals,  and 
are,  therefore,  erroneously  interpreted  as  being  caused  by  peptic  ulcer. 

Case  2.  History.  I.M.,  a  man,  aged  60.  At  the  age  of  45  ho  first  noted  mid- 
sternal  heartburn  occurring  one  to  three  hours  after  meals,  and  relieved  by  taking 
alkali.  Occasionally  he  would  be  awakened  at  2  .\.M.  by  this  pain.  Remissions  of 
the  pain  lasting  from  one  to  two  weeks  occurred  from  time  to  time.  At  the  age  of  53 
he  suffered  a  left  renal  colic  and  subsequently  passed  a  stone.  At  the  age  of  55  he 
first  noted  that  walking  a  few  blocks  provoked  mid-substernal  pressure  radiating  to 
the  throat,  the  upper  dorsal  spine,  and  at  times  to  the  left  arm,  compelling  him  to 
rest,  with  relief.  At  the  age  of  57  he  was  awakened  one  night  by  mid-substernal 
pressure  radiating  as  before  to  the  throat  and  left  arm,  lasting  one  hour,  and  relieved 
by  morphine  taken  by  mouth.  About  a  week  later  attacks  of  mid-substernal  pres- 
sure, lasting  as  long  as  an  hour,  recurred  from  time  to  time,  always  two  to  three  hours 
after  meals.  Several  times  he  was  awakened  at  about  2  .\.M.  by  similar  pressure 
under  the  sternum.  .Mthough  the  episodes  of  substernal  pressure  occurred  two  to 
three  hours  after  meals  like  his  original  heartburn,  he  distinguished  verj'  carefully 
between  them  and  the  old  heartburn. 

Examination.  The  general  phj'sical  examination  revealed  no  abnormalities. 
Fluoroscopy  revealed  a  heart  of  normal  size  and  configuration.  The  heart  sounds 
were  of  good  quality  and  there  were  no  murmurs.  Blood  pressure  was  130  systolic 
and  90  diastolic.  The  electrocardiogram  showed  low  voltage  of  the  T  waves,  par- 
ticularly pronounced  in  lead  I.    The  S-T  interval  was  depressed  in  leads  I  and  IV. 

Course:  He  was  put  to  bed  for  two  weeks.  One  week  later,  after  returning  to  work, 
he  suffered  a  particularlj'  severe  attack  of  mid-chest  pressure  lasting  two  hours. 
.\  hypodermic  injection  was  administered  and  he  remained  in  a  hospital  for  four 
weeks.  Thereafter  he  noted  greater  difficulty  in  walking.  At  best  he  could  walk 
about  one  or  two  blocks,  when  he  would  experience  the  substernal  pain  compelling 
him  to  rest  for  a  few  minutes.  From  time  to  time  the  old  mid-substernal  hoartljurn 
recurred  two  hours  after  meals,  but  there  was  no  relationship  b'jtween  the  coronary 
and  ulcer-like  pain.  Re-examination  two  and  a  half  years  later  showed  little  change. 
The  T  wave  in  lead  I  had  become  flat  and  the  S-T  depression  in  lead  IV  was  no 
longer  present. 

Comment.  This  case  history  illustrates  the  ulcer-like  timing  of  repeated  anginal 
attacks  which  ultimately  end  in  a  coronary  thrombosis.  This  post-prandial  "peptic" 
timing  of  anginal  pain  suggests  that  whatever  factors  may  be  operative  in  inducing 
ulcer  pain  may  at  the  same  time  be  direct  or  indirect  determinants  of  anginal  pain. 
The  mechanism  of  peptic  ulcer  pain  is  not  clear.  When  it  is  more  precisely  under- 
stood, factors  underlying  anginal  pain  may  at  the  same  time  be  unearthed.  It  is 
likely  that  this  will  take  us  into  metabolic  fields,  into  the  relationship  of  meals 
to  acidity  changes  and  blood  sugar  fluctuations. 

The  intimate  relationshii)  between  th(>  syndromes  of  angina  p(H-toris  and 
jx'ptic  ulcer,  and  the  close  correlation  in  the  activity  of  symptoms  of  both 
conditions  is  exemplified  in  patients  in  whom  tolerance  for  walking  in- 
creases coincident  with  effective  treatment  of  peptic  ulcer-like  symptoms. 
During  periods  of  peptic  ulcer  pain,  which  often  last  for  several  weeks  at  a 
time,  the  pain  of  angina  pectoris  is  induc(Ml  more  readily  and  on  slighter 
provocation.    As  the  peptic  ulcer  symptoms  are  brought  under  control 
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by  diet  and  medication,  the  anginal  pain  either  is  provoked  less  readily 
or  remits  entirely.  Paradoxicallj^  these  patients  can  often  walk  more  easily 
shortly  after  meals,  with  the  stomach  full.  In  the  usual  patient  with 
angina  pectoris  it  is  the  rule  that  anginal  pain  on  effort  is  induced  most 
readilj'  shortly  after  the  ingestion  of  food,  when  the  stomach  is  full. 

The  following  case  illustrates  greater  ease  in  walking  shorth^  after  meals. 

Case  3.  History.  A  man,  aged  54.  For  over  20  years  he  suffered  from  lower  sub- 
sternal heartburn,  occurring  one  to  two  hours  after  meals,  and  relieved  by  alkali. 
The  pain  would  remit  for  several  years  at  a  time.  No  gastro-intestinal  x-rays  were 
taken.  At  the  age  of  50,  several  hours  after  breakfast,  and  while  being  shaved  he 
experienced  a  sudden  attack  of  palpitation  associated  with  very  slight  midsternal 
pain.  There  was  no  breathlessness.  Examination  one  hour  later  revealed  regular 
sinus  rhythm,  the  heart  rate  was  80  beats  per  minute;  blood  pressure  138  systolic 
and  90  diastolic;  the  heart  sounds  were  dull;  there  were  no  murmurs.  The  electro- 
cardiogram taken  on  the  following  daj'  showed  a  PR  interval  measuring  0.22  second 
and  moderate  lowering  of  the  T  waves  in  all  leads.  During  the  next  four  years  he 
continued  at  his  work  and  felt  quite  well,  and  was  able  to  walk  freely  at  all  times. 
At  the  age  of  54  he  first  began  to  experience  left  lower  chest  and  lower  substernal  pain, 
occurring  intermittently,  but  chiefly  three  to  four  hours  after  meals,  and  relieved  by 
food.  One  week  after  the  onset  of  these  symptoms,  while  walking,  he  experienced 
epigastric  pain  radiating  to  the  lower  chest  and  compelling  him  to  rest.  He  was 
then  given  a  Sippy  diet  with  powders.  Epigastric  pain  on  walking  continued  for 
three  weeks,  when  weakness  and  very  slight  lower  mid-chest  pain  replaced  the  epi- 
gastric pain  on  walking.  The  chest  pain  would  be  relieved  by  a  short  rest.  During 
this  time  he  noted  that  he  could  walk  more  freely  and  greater  distances  on  a  full 
stomach.  After  being  on  the  diet  for  five  weeks  all  symptoms  remitted  and  he  was 
re-examined  two  weeks  later.  At  this  time  the  general  physical  examination  was 
unchanged,  but  the  electrocardiogram  now  exhibited  normal  voltage  of  the  T  waves 
in  leads  I  and  II. 

Comment.  This  case  history,  in  addition  to  pointing  out  the  increased  capacity 
for  walking  after  meals,  illustrates  the  clinical  appearance  of  previously  silent  coro- 
nary artery  disease,  simultaneously  with  recurrence  of  peptic  ulcer  symptoms.  It 
shows  too  the  remission  of  the  anginal  syndrome,  coincident  with  the  relief  of  the 
peptic  ulcer  pain  by  medication  and  diet. 

Anginal  pain  that  is  experienced  in  the  abdomen,  or  that  radiates  to  the 
abdomen  suggests  that  the  patient  has  had  previous  ulcer  sj'mptoms. 
The  abdominal  localization  of  the  pain  may  be  conditioned  by  sensitization 
of  the  corresponding  nervous  pathways  by  the  antecedent  peptic  ulcer. 

Case  4.  History.  A  man,  aged  54.  At  the  age  of  40,  for  a  period  of  five  months, 
he  had  suffered  upper  abdominal  pain  immediately  after  meals,  lasting  five  to  ten 
minutes,  and  intensified  by  food.  Roentgenographic  study  is  said  to  have  shown  a 
peptic  ulcer.  The  symptoms  remitted  shortly  after  a  diet  was  prescribed.  At  the 
age  of  45,  when  in  apparently  good  health,  while  walking  he  suddenly  experienced 
dizziness,  spots  before  the  eyes,  and  sticking  pain  in  the  lower  left  chest,  radiating 
down  the  left  arm  to  the  fingers,  which  felt  numb.  The  pain  lasted  about  one  hour. 
He  was  bedridden  for  about  ten  weeks.  Then  he  returned  to  work  and  again  enjoyed 
good  health  except  that  climbing  stairs  now  provoked  pain  in  the  upper  abdomen, 
compelling  him  to  rest.    At  the  age  of  47  he  was  awakened  at  2  A.M.  by  pain  in  the 
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left  chest  that  radiated  first  to  the  epigastrium  and  then  to  the  left  subcostal  area, 
and  lasted  about  a  half  an  hour  until  he  received  a  hypodermic  injection.  He  then 
enjoyed  good  health  until  the  age  of  50,  when  he  suffered,  within  the  space  of  two 
weeks,  repeated  attacks  of  left  hypochondriac  pain  radiating  to  the  throat  as  a 
choking  sensation  and  lasting  one-half  hour.  For  this  he  was  kept  in  bed  some  twelve 
weeks  and  thereafter  could  walk  but  half  a  block  when  epigastric  pain  would  set  in 
and  compel  him  to  halt.  His  work  as  a  tailor  involved  the  use  of  his  right  arm  par- 
ticularlj',  and  during  abduction  movements  he  would  experience  sticking  pain  about 
the  apex  and  with  this  is  a  pressure  pain  in  the  epigastrium.  If  he  continued  at  his 
work,  dizziness  would  set  in  and  finally  he  would  be  compelled  to  rest. 

Examination.  At  the  age  of  50,  four  months  following  the  repeated  spontaneous 
attacks,  the  examination  disclosed  no  abdominal  tenderness.  Fluoroscopy  revealed 
a  heart  of  normal  size  and  configuration.  The  heart  sounds  were  of  good  quality, 
there  were  no  murmurs;  the  blood  pressure  was  120  systolic  and  85  diastolic.  The 
electrocardiogram  showed  very  prominent  Q  waves  in  leads  II  and  III.  TheT  wave 
in  lead  II  was  shallow  and  diphasic  and  in  lead  III  the  T  wave  was  deep  and  inverted. 

Comment.  The  case  illustrates  so  called  "abdominal"  angina.  In  such  cases  one 
should  suspect  the  presence,  or  the  past  existence  of  a  peptic  ulcer.  At  the  moment 
a  gastro-intestinal  x-ray  may  show  no  ulcer,  but  the  abdominal  pattern  of  the  angina 
is  conditioned  by  the  old  ulcer.  It  is  known  that  anginal  pain  may  radiate  to  or 
arise  in  areas  distant  from  the  heart,  whose  nervous  pathways  have  been  sensitized 
by  previous  local  disease;  e.g.  shoulder,  spine,  gall  bladder,  abscessed  tooth  (2). 

DISCUSSION 

Initial  symptoms  of  peptic  ulcer  are  manifested  at  a  much  earlier  age 
than  those  of  angina  pectoris.  The  simultaneous  onset  of  the  two  diseases 
is  rare,  although  their  simultaneous  occurrence  is  common.  Even  the 
taking  of  a  most  careful  histoiy  often  fails  to  elicit  the  old  history  of  symp- 
toms characteristic  of  peptic  ulcer,  for  they  may  be  so  mild  they  are  often 
overlooked  and  forgotten,  especially  after  the  lapse  of  several  decades.  In- 
deed in  not  a  few  instances,  when  old  ulcer  symptoms  are  suspected  because 
of  the  nature  of  the  anginal  symptoms,  a  history  of  ulcer  pain  is  elicited  only 
after  further  questioning.  It  is  imperative  to  unearth  these  old  symptoms 
if  diagnosis  and  treatment  are  to  be  correct. 

These  observations  throw  some  light  on  so-called  abdominal  angina,  in 
which  abdominal  pain  occurs  on  effort  and  in  the  course  of  an  acute  attack 
of  coronary  thrombosis.  The  cross  radiation  of  anginal  and  peptic  pain 
when  both  diseases  co-exist  has  been  discussed  in  a  previous  communication 
(2).  With  the  appearance  of  coronary  disease,  ulcer  pain  formerly  ex- 
perienced solely  in  the  upper  abdomen,  may  radiate  to  the  chest  and  even 
to  the  upper  extremities.  Further  when  the  pain  of  coronary  disease  occurs 
in  a  patient  with  previous  peptic  ulcer,  it  may  radiate  to  or  originate  in,  the 
upper  abdomen. 

SUM.MARY 

We  have  presented  cases  to  illustrate  the  intimate  relationship  that  may 
be  manifested  between  the  symptoms  of  angina  pectoris  and  peptic  ulcer. 
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1 .  There  maj-  be  a  sudden  simultaneous  onset  of  ulcer  symptoms  and  of 
anginal  symptoms. 

2.  Repeated  attacks  of  angina  pectoris  at  rest  ending  in  coronary  throm- 
bosis may  occur  two  to  three  hours  after  meals  and  during  the  night  at  the 
characteristic  "ulcer  hours." 

3.  When  symptom.'?  of  angina  pectoris  and  peptic  ulcer  co-exist,  suc- 
cessful treatment  of  the  ulcer  .symptoms  may  cause  remission  of  the  anginal 
sj^ndrome. 

4.  Epigastric  localization  of  anginal  pain  may  be  conditioned  by  a  pre- 
existing peptic  ulcer. 
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THE  KIDNEYS  IN  SUBACUTE  STREPTOCOCCUS  VIRIDANS 

ENDOCARDITISi 


HENRY  A.  CHRISTIAN,  M.D. 

[Brookline,  Mass.] 

With  almost  no  exceptions  the  kidneys  during  the  course  of  subacute 
streptococcus  viridans  endocarditis  develop  lesions.  However,  only  a 
few  of  these  patients  develop  lesions  extensive  enough,  or  of  a  nature,  to 
produce  during  life  evidence  of  marked  renal  insufficiency;  some  patients 
even  continue  to  excrete  a  normal  urine  in  normal  amount,  when  post- 
mortem observation  reveals  the  existence  of  definite,  sometimes  quite 
marked,  renal  lesions. 

At  the  Peter  Bent  Brigham  Hospital  I  have  studied  clinically  and  patho- 
logically (>1  cases  of  subacute  endocarditis  caused  by  Streptococcus  viridans. 
The  gross  changes  in  the  kidneys  are  those  described  in  the  autopsy 
protocols  of  the  Department  of  Pathology  of  the  Peter  Bent  Brigham 
Hospital;  the  slides  used  for  microscopic  study  come  from  the  slide  cabinet 
of  the  same  Department;  for  this  data  and  for  the  use  of  the  slides  I  record 
my  thanks. 

First  I  will  describe  the  pathological  lesions  observed  in  the  kidneys  of 
these  61  patients.  In  macroscopic  appearance  the  kidneys  of  subacute 
streptococcus  viridans  endocarditis  show  three  main  departures  from  nor- 
mal; 1)  slight  swelling  and  edema,  2)  areas  of  infarction  usually  of  the 
anemic  variety  and  3)  focal  hemorrhages,  which,  as  they  show  on  the  sur- 
face of  the  kidney,  cause  the  appearance,  which  has  been  well  named  the 
"flea  bitten"  kidney,  a  term  according  to  Horder  (1),  which  had  been 
popularized  by  use  in  the  laboratory  of  Guy's  Hospital,  London. 

Renal  infarctioi^  was  observed  in  56  (91.8  per  cent)  of  the  61  patients. 
In  42  of  these  the  infarct  was  noted  in  the  gross  description  of  the  kidney, 
while  in  14  it  was  observed  only  under  the  microscope  in  an  examination 
of  the  available  slides.  It  is  obvious  that  infarcts  can  be  overlooked  in 
the  gross  inspection  of  the  kidney;  this  is  to  be  expected,  if  the  infarct  is  of 
recent  origin  and  occurs  in  a  rather  pale  kidney.  Then  it  becomes  a 
matter  of  chance  whether  the  block  of  kidney,  saved  for  histological  study, 
contains  an  infarcted  area  or  not.  The  total  number  of  infarcts  discovered 
in  these  kidneys  probably  is  less,  rather  than  more,  than  actually  occurred. 
If  there  had  been  no  microscopic  study  of  the  kidney,  the  percentage  of 

1  This  study  was  aided  by  a  grant  from  the  Mihoii  Fund  of  Harvard  University 
given  to  study  the  aecumuhited  clinical  records  of  the  Medical  Service  of  the  Peter 
Bent  Brigham  Hospital  in  Boston. 
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infarcts  would  have  been  reduced  from  91.8  per  cent  to  68.85  per  cent. 
This  needs  to  be  kept  in  mind  in  regard  to  the  frequency  of  renal  infarction 
r^orted  by  others  in  subacute  streptococcus  viridans  endocarditis. 

In  my  series  of  61  cases  8  (13.11  per  cent)  showed  surface  focal  hemor- 
rhages to  constitute  "flea  bitten"  kidneys.  This  is  a  lesser  frequency  than 
would  be  expected  from  statements  often  made  concerning  the  pathological 
appearance  of  the  kidney  in  subacute  bacterial  endocarditis  (Libman  and 
Friedberg  (2)). 

In  the  microscopic  study  of  the  kidneys  from  these  cases  of  subacute 
streptococcus  viridans  endocarditis  a  variety  of  glomerular  lesions,  both 
diffuse  and  focal  in  distribution,  have  been  observed.  The  most  frequent 
glomerular  lesion  is  proliferation  of  the  cells  of  the  capillary  loops  (figs. 
1  and  2) ;  the  intracapillary  endothelial  cells  are  the  ones  usually  showing 
proliferation  most  extensively,  although  the  pericapillary  epithelial  cells 
show  some  increase  in  number  in  this  lesion.  Bell  (3)  calls  this  lesion, 
along  with  the  one  next  to  be  described,  acute  glomerulitis.  This  prolifera- 
tive glomerular  lesion  is  a  lesion  difTuse  in  its  distribution  in  sections  of 
the  kidney,  although  not  necessarily  every  glomerular  tuft  shows  cellular 
proliferation.  In  individual  glomeruli  the  capillary  tuft  usually  is  involved 
prettj^  uniformly,  giving  it  a  cellular,  solid  appearance  with  the  lumen  of 
the  capillary  loops  not  visible  (figs.  1  and  2);  however,  in  some  kidnej'S 
only  a  portion  of  the  glomerular  tuft  shows  cell  proliferation,  while  most  of 
the  tuft  is  normal,  sometimes  with  capillaries  filled  with  blood  (fig.  3). 
The  degree  of  cell  proliferation  varies  in  different  kidnej's  from  very  slight 
to  very  marked. 

In  some  of  the  glomeruli  groups  of  cells  in  the  glomerular  tuft  are  granu- 
lar, their  nuclei  stain  poorly,  and  individual  cells  cannot  be  distinguished 
but  seem  fused  together  (fig.  4);  in  others  degeneration  is  more  marked, 
nuclei  disappear,  and  leucocj^tes  make  their  appearance  both  in  the  capil- 
laries of  the  tuft  and  in  the  tissue  about  the  glomerulus  (fig.  5);  this  may 
involve  the  glomerular  tuft  quite  generally  (fig.  5)  or  only  in  part  (fig.  6) ; 
in  some  glomeruli  fibrin  threads  appear  between  groups  of  degenerated 
cells  (fig.  7).  As  will  be  described  later  on,  these  areas  of  cell  degeneration 
in  the  glomerular  tufts  may  lead  to  thrombosis  of  a  capillaiy  loop  and  so 
become  a  cause  of  a  focal  glomerular  lesion. 

This  type  of  glomerular  lesion  definitely  is  not  a  focal  lesion,  and  it  is  not 
to  be  explained  on  the  basis  of  a  thrombotic  or  embolic  process ;  it  is  a  diffuse 
process  analogous  to  that  seen  in  the  ordinary  type  of  acute  intracapillary 
glomerulo-nephritis ;  it  seems  reasonable  to  consider  it  of  toxic  or  allergic 
origin.  This  cellular,  proliferative,  glomerular  lesion  was  seen  in  48  (80.32 
per  cent)  of  the  61  cases  of  subacute  streptococcus  viridans  endocarditis 
studied  by  me. 

Another  diffusely  scattered  glomerular  lesion  is  thickening  of  the  base- 
ment membrane  of  the  capillaries  of  the  glomerular  tuft  (figs.  8  and  9). 
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Fig.  1.  Proliuiaiiuii  of  cells  of  glomerular  tuft.  Note  luck  of  hlood;  cell  de- 
generation in  several  loops;  X  360. 

Fig.  2.  Proliferation  of  cells  of  glomerular  tuft  and  degeneration  of  epithelium 
of  tubules;  X  360. 

Fig.  3.  Engorged  capillary  loops  except  one  group  with  cell  proliferation;  degen- 
eration of  epithelium  of  tubules;  X  360. 

Fig.  4.  Proliferation  of  cells  of  glomerular  tuft  with  groups  showing  degeneration; 
degeneration  of  epithelium  of  tubules;  X  360. 

Fig.  5.  Degeneration  of  proliferated  colls  of  tuft  with  leucocytic  invasion  and 
proliferation  of  epithelium  of  capsule;  X  360. 

Fig.  6.  (Ilomerular  tuft  with  cull  proliferation  of  half  and  cell  degeneration  with 
leucocytic  infiltration  of  half;  X  360. 

Fig.  7.  Proliferation  of  cells  of  glomerular  tuft  with  degeneration  and  fibrin 
deposition  in  one  part;  X  360. 

Fig.  8.  Proliferation  of  cells  of  glomerular  tuft  and  hyaline  thickening  of  capil- 
lary wall:  two  degenerated  cells  with  large,  pyknotic  nucleus;  X  306. 

Fig.  9.  Ilj-aline  thickening  of  wall  of  blood  vessel;  one  fibrinoid  thrombus;  X  360. 

Fig.  10.  Epithelial  crescent;  moderate  proliferation  of  cells  of  glomerular  tuft; 
X  360. 

Fig.  11.  Like  Fig.  10;  epithelial  crescent  larger,  with  syncytial  formation  at  one 
point:  X  360. 

Fig.  12.  Similar  to  Fig.  11;  X  360 
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This  was  noted  in  10  kidneys  (16.39  per  cent).  Since  no  special  stains 
to  demonstrate  connective  tissue  fibrils  were  applied,  this  lesion  probably 
was  not  seen  as  often  as  it  actually  occurred,  particularly  in  the  very  cellular 
glomeruli;  it  stands  out  more  clearlj-  in  glomeruli  with  no,  or  only  slight, 
proliferation  of  the  cells  of  the  capillary  loops.  Of  the  10  cases,  in  4  no 
cell  proliferation  was  seen;  these  added  to  the  48  cases  with  cell  prolifera- 
tion already  noted  increases  the  number  of  kidneys  showing  diffusely 
scattered,  glomerular  lesions  to  52  or  85.24  per  cent  of  the  total  number  of 
kidneys  studied  in  this  series. 

In  addition  to  the  two  types  of  diffuse  glomerular  lesions,  just  described, 
a  variety  of  focal  glomerular  lesions  were  seen  in  these  kidneys.  These 
are  of  five  varieties;  1)  proliferation  of  the  capsular  epithelium,  so-called 
epithelial  crescents,  in  36.00  per  cent  of  the  kidneys,  2)  focal  fibrous  lesions, 
chiefl.y  projecting  from  the  capsule  into  the  capsular  space  of  the  glomer- 
ulus, sometimes  within  the  glomerular  tuft,  seen  in  26.23  per  cent  of  the 
kidneys,  3)  complete  disorganization  of  the  glomerulus,  an  occasional  lesion, 
4)  hyaline,  fibrinoid  thrombi  in  blood  vessels  of  the  glomerulus,  noted  in 
40.98  per  cent  of  the  kidneys,  5)  masses  of  bacteria  in  glomerular  blood 
vessels,  observed  in  6.55  per  cent  of  the  kidneys. 

All  of  these  focal  glomerular  lesions  varied  in  frequency  in  sections  from 
different  kidneys;  in  any  given  kidney  different  types  of  focal  lesions  might 
be  found;  more  than  one  might  appear  in  a  single  glomerulus;  only  rarely 
did  focal  lesions  dominate  the  histological  appearance  of  a  kidney.  With 
few  exceptions  the.se  focal  lesions  occurred  in  glomeruli  .showing  diffuse 
lesions,  either  proliferative,  cellular  lesions  or  thickening  of  capillary  wall; 
for  example  both  the  epithelial  crescents  and  the  hyaline,  fibrinoid, 
thrombotic  lesions  were  seen  only  twice  in  kidneys  devoid  of  diffuse  glomer- 
ular lesion.  Some  observers,  notably  Baehr  (4),  have  stated  that  the  focal 
glomerular  lesions  of  subacute  bacterial  endocarditis  usually  were  found 
in  glomeruli  otherwise  of  normal  appearance;  others,  as  Bell  (3),  fail  to 
agree  to  this.    My  own  findings  are  in  agreement  with  the  latter  finding. 

Proliferation  of  the  epithelium  of  Bowman's  capsule  to  form  epithelial 
crescents  is  shown  in  figures  5,  10  to  28  and  40  to  42.  As  seen  in  these 
various  figures,  there  may  be  only  a  small  group  of  proliferated  epithelial 
cells  or  a  large  group  almost  surrounding  the  glomerular  tuft  or  replacing 
or  compressing  a  varying  proportion  of  it  with  varj'ing  intermediate  extent 
of  lesion.  In  some  sections  a  glomerulus  will  show  only  cells  apparently 
of  this  derivation  with  no  remains  of  capillary  tuft.  At  first  these  cells, 
when  few  in  number,  are  rectagonal  or  cuboidal  in  shape  and  then  become 
increasingly  spindle-shaped  with  spindle-shaped  nuclei  (see  figs.  5  and 
10  to  28).  Some  cells  become  multinuclear  and  in  places  seem  to  form 
a  syncytium  (figs.  10,  16,  17  and  28).  The  cells  forming  the  crescent  often 
degenerate  in  places,  the  cytoplasm  becoming  granular  and  the  nuclei 
pyknotic  and  disappearing  (figs.  10,  13,  25  and  27)  and  fibrin  threads 
(figs.  1 1 ,  17,  25  and  28)  or  red  blood  cells  (figs.  23,  24  and  26)  appear  among 
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Fio.  13.  Epithelial  crescent  with  fusion  to  both  capsule  and  tuft:  glomerular  tuft, 
cellular,  occupying  j  of  glomerulus;  X  360. 

Fig.  14.  Loose  textured  epithelial  crescent  partly  surrounding  somewhat  cellular 
tuft:  X  360. 

Fig.  1.5.  Epithelial  crescent  showing  fibrous  tissue  fibrils  occupies  over  j  of  glo- 
merulus, continuous  with  capsule  and  tuft:  X  360. 

Fig.  16.  Loose  textured,  syncytial  type  of  epithelial  crescent:  X  360 

Fig.  17.  Fibrin  deposit  among  degenerated  proliferated  cells  of  both  tuft  and 
epithelial  crescent:  X  360. 

Fig.  18.  Proliferation  of  cells  of  glomerular  tuft  with  small  epithelial  crescent  at 
point  of  contact  of  former  with  cajisule:  X  360. 

Fig.  19.  Similar  to  Fig.  18  with  syncytial  f(,'rmation:  X  360 

Fig.  20.  Hounded  mass  of  proliferated  epithelial  cells  connected  to  capsule  bv 
a  few  cells:  X  360. 

Fig.  21.  Similar  to  Fig.  20  with  proliferated  epithelial  cells  continuous  with 
proliferated  cells  of  tuft:  X  360. 

Fig.  22.  Epithelial  crescent  lining  nearh'  half  of  capsule:  X  360 

Fig.  23.  Spindle-shaped,  proliferated  cell,  epithelial  crescent,  extending  from 
glomerulus  into  elTerent  tul>ule:  X  260. 

Fig.  24.  Similar  to  Fig.  23:  cells  degenerated  with  hemorrhage  at  one  point:  X  360. 


432 


HENRY  A.  CHRISTIAN 


them  or  separate  the  proliferated  capsular  epithelium  from  the  glomerular 
tuft  (figs.  17  and  28).  Such  masses  of  fibrin  (figs.  30  and  31)  or  blood 
(fig.  29)  sometimes  are  seen  in  glomerular  spaces  in  which  no  proliferation 
of  the  capsular  epithelium  is  observed. 

In  a  few  places  the  efferent  tubule  is  seen  to  be  filled  with  spindle-shaped 
cells  continuous  with  those  about  the  glomerular  tuft  (figs.  23,  24  and  26) 
as  if  proliferated,  spindle-shaped,  epithelial  cells  have  been  protruded  from 
the  glomerular  space  into  the  tubule,  now  lined  by  flattened  cells,  or  as  if 
cells  derived  from  the  tubule  have  proliferated  and  undergone  a  spindle- 
shape  transformation  and  then  grown  into  the  capsular  space. 

The  focal  lesions  just  described,  epithelial  crescents,  may  have  developed 
in  any  one  of  .several  ways.  In  some  glomemli  the  glomerular  tuft  adjacent 
to  the  cells  proliferated  from  the  epithelial  covering  of  the  capsule  looks 
just  like  those  of  the  rest  of  the  tuft  (figs.  10,  11,  12,  22  and  25);  what  has 
caused  focal  proliferation  of  this  epithelium  seemingly  is  the  same  as  the 
cause  of  the  cell  proliferation  in  the  capillaries  of  the  tuft  and  suggests  a 
toxic  or  allergic  response.  In  places  there  is  the  suggestion  that  the  cells 
of  a  portion  of  the  capillary  loop  near  Bo\\-man's  capsule  have  degenerated 
(figs.  11,  13,  18,  19,  25  and  27),  possibly  even  a  thrombus  has  formed  in  the 
capillary  loop,  and  this  process  has  stimulated  the  capsular  epithelium  to 
proliferate,  or  at  this  point  some  toxic  substance  has  escaped  and  stimulated 
cell  proliferation.  In  other  places  (figs.  20,  21  and  19)  it  looks  as  if  epithe- 
lial cells  of  the  capsule,  reflected  over  the  glomerular  tuft,  have  proliferated 
to  surround  and  gradually  replace  a  degenerated  cell  group  of  the  tuft 
or  a  thrombosed  capillarj^  loop  and  then  become  attached  to  the  capsule 
without  or  with  proliferation  of  the  cells  lining  the  latter;  in  some  glomeruli 
(fig.  13)  these  two  components  seem  indi.stinguishably  fused  together. 
These  explanations  have  a  basis  in  the  fact  that  lesions  of  this  type  may 
develop  when  uranium  nitrate  is  given  to  rabbits  subcutaneously  or  intra- 
venously (5,  6)  and  in  larger  number,  if  the  uranium  is  injected  into  one 
renal  arteiy.-  These  experiments  show  that  bacteria  or  emboli  are  not 
necessary  to  the  formation  of  this  type  of  focal  glomerular  lesion.  On  the 
other  hand  they  can  be  produced  experimentally  (7)  by  an  intracardiac 
suspension  of  streptococci  and  agar.  On  the  basis  of  this  work,  the  con- 
clusion is  not  justified  that  the  primaiy  cause  is  bacterial,  the  bacteria 
initiating  an  embolic-thrombotic  process  as  was  thought  by  Baehr  (4)  and 
by  Lohlein  (8) ;  such  an  explanation,  however,  may  not  be  correct. 

2  It  is  interesting  that  in  the  paper  of  Christian  and  O'Hare  (5)  in  1913  in  descrip- 
tion or  illustration  will  be  seen  all  of  the  glomerular  lesions,  both  diffuse  and  focal, 
which  have  been  demonstrated  in  the  present  paper  except  the  fibrous  focal  lesion, 
described  in  the  next  paragraph,  and,  of  course  except  the  masses  of  cocci.  In  other 
words,  subcutaneous  or  intravenous  injection  of  uranium  nitrate  into  rabbits  was 
shown  to  cause  glomerular  lesions  of  the  type  seen  in  man  dead  of  subacute  strepto- 
coccus viridans  endocarditis. 
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Fig.  25.  ( .ioiii.ji  ulus  made  up  f  of  cellular  tuft  and  ?  of  proliferated  epithelial 
cells,  the  latter  interposed  with  fibrin  masses:  X  360. 

P'iG.  26.  Glomerulus  contains  elongated  mass  of  fibrin  and  blood  extending  into 
efferent  tubule;  at  one  side  a  flattened  mass  of  epithelial  cells:  X  260. 

Fig.  27.  Glomerulus  with  large  mass  of  degenerated  cells  and  fibrin:  X  360 

Fig.  28.  Large  epithelial  crescent  half  surrounding  cellular  tuft  with  fibrin  mass 
between  them:  X  360. 

Fig.  29.  Large  hemorrhage  with  degenerated  epithelial  cells  at  side  of  cellular 
glomerular  tuft:  X  360. 

Fig.  30.  Large  fibrin  mass  in  capsular  space  at  side  of  cellular  glomerular  tuft- 
X  360.  K  6  , 

Fig.  31.  Similar  to  fig.  30:  X  360 

Fig.  32.  Small,  hyaline,  fibrous  mass  projecting  into  capsular  space;  glomerular 
tuft  cellular:  X  360. 

Fig.  33.  Similar  to  Fig.  32:  fibrous  mass  larger:  X  360 

Fig.  34.  Hyaline  fibrous  tissue  almost  surrounds  cellular  glomerular  tuft:  X  360 
Fig.  35.  Hyaline,  fibrous  mass  within  cellular  glomerular  tuft:  X  360 
Fig.  36.  More  cellular  fibrous  mass  covered  bj-  flattened  epithelial  cells  projecting 
from  capsule  into  glomerular  tuft:  X  360. 
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Another  focal  lesion  (figs.  32  to  38),  a  fibrous  lesion,  is  very  similar  to 
the  epithelial  crescent  type  of  focal  lesion  in  distribution  both  in  the  kidney 
section  and  in  the  glomemlus;  it  may  vary  in  size;  it  may  occupy  one  side 
of  the  glomeiiilar  space  projecting  from  the  capsule;  rarely  it  su'-rounds  the 
glomerular  tuft  (fig.  34) ;  it  may  not  touch  the  tuft,  or  it  may  be  fu.sed  with 
it  (figs.  33  and  38) ;  it  may  lie  within  the  tuft  without  impinging  on  the 
capsule  of  the  glomemlus  (fig.  35).  Often  it  is  covered  in  part  or  entirely 
by  a  layer  of  swollen,  flat  or  cuboidal,  epithelial  cells  derived  from 
Bo\\Tnan's  layer  (fig.  36) .  In  an  occasional  kidney  a  .similar  fibrous  change 
has  taken  place  almost  throughout  the  stmcture  of  the  glomemlus  (figs. 
40  and  47).  This  lesion  is  cell-poor  and  fibrillar;  often  it  has  an  hyaline 
appearance.  With  3  exceptions  these  fibrous  lesions  were  in  kidneys  .show- 
ing epithelial  crescents  in  other  glomemli;  in  all  but  one  kidney  cellular 
proliferation  in  the  glomemlar  tuft  was  pre.sent  also. 

There  is  the  suggestion  that  these  fibrous  excrescences  from  Bowman's 
capsule  represent  an  older  stage  of  the  epithelial  crescents  and  that  the 
latter  .show  transitions  to  the  fibrous  stage.  With  the  kidneys  .showing 
the  fibrous  le.sions,  the  duration  of  illne.ss  has  been  in  only  one  case  as  short 
as  2  months,  in  3  cases  3  months  and  in  the  others  from  3^  to  9  months. 
The  shortest  duration  of  illness  in  cases,  whose  kidney's  show  epithelial 
crescents,  was  6  weeks  in  one  case  and  2  months  in  5  cases;  in  all  others 
duration  of  illness  was  longer.  In  contrast,  the  diffuse  glomerular  lesion 
with  cell  proliferation  may  be  present  after  a  shorter  period  of  illne.ss,  in 
15  cases  after  6  weeks  of  illness  or  le.ss,  in  5  cases  after  6  weeks  of  illness, 
in  3  cases  after  5  weeks,  in  3  ca.ses  after  4  weeks,  in  2  cases  after  3  weeks  and 
in  2  cases  after  2h  weeks  of  illness.  On  the  other  hand  duration  of  illness  by 
no  means  determines  the  frequency'  and  degree  of  diffuse  glomemlar  lesions 
nor  the  frequency  and  character  of  focal  glomemlar  lesions.  In  fact,  except 
in  a  very  general  wa}',  duration  of  illness  has  very  little  relation  to  what 
lesions  the  kidneys  show. 

In  a  few  cases  some  glomerular  lesions  have  progres.sed  to  a  stage  of 
complete  disorganization  of  glomeioilar  structure.  This  change  .seems  to 
have  come  about  in  a  variety  of  ways.  In  some  glomemli  proliferated 
cells,  resembling  epithelial  more  than  endothelial  cells,  have  multiplied 
and  gradually  replaced  the  capillary  loops  of  the  glomerular  tuft  (figs. 
39  and  43),  sometimes  seemingly  crowding  out  the  capillary  loops  partially 
or  completely  (figs.  40,  41  and  42).  In  other  glomemli  it  looks  as  if  epithe- 
lial cells  have  become  spindle  shaped  and  separated  by  connective  tissue 
strands  imtil  finally  a  cell  poor  connective  tis.sue  comes  to  occupy  the 
place  of  the  glomerular  tuft  and  is  partly  or  completely  fu.sed  to  the  capsule, 
sometimes  leaving  spaces  lined  by  flattened  or  cuboidal  cells,  probably 
derived  from  the  epithelial  cells  formerly  lining  Bowman's  capsule  (figs. 
40,  41,  42,  45  and  46).  In  still  other  glomeruli  there  is  the  appearance  as 
if  the  blood  flow  to  the  glomemlus  has  been  obstmcted  with  consequent 
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Fk;.  37.  Siiiular  to  1  ig.  36;  fibrous  mass  less  cellular;  X  ■•iijn 

Fig.  38.  Fibrous  tissue  mass  forming  a  pedicle  to  moderately  cellular  glomerular 
tuft;   X  360. 

Fig.  39.  Usual  glomerular  structure  f  replaced  by  cellular  fibrous  mass  probably 
having  begun  as  epithelial  crescent;  X  360. 

Fig.  40.  Tissue  as  in  Fig.  39  has  replaced  glomerular  tuft  leaving  few  spaces  lined 
by  flattened  epithelium:  X  360. 

Fig.  41.  Similar  to  Fig.  40;  X  360 

Fig.  42.  Similar  to  Fig.  40  but  in  part  more  resembling  structure  of  epithelial 
crescent;  X  360. 

Fig.  43.  Glomerular  structure  J  replaced  bj'  mass  of  fairlv  cellular,  fibrous  tissue; 
X  360 

Fig.  44.  Glomerulus  replaced  by  cellular  fibrous  tissue,  in  one  part  showing 
necrosis;   X  360. 

Fig.  45.  Glomerulus  composed  5  and  j  of  fused  cellular  glomerular  tuft  and  epi- 
thelial crescent  of  cellular  fibrous  type;  at  periphery  small  spaces  li'ned  by  flattened 
epithelium;  X  360. 

Fia.  46.  Glomerulus  replaced  by  cell-poor  fibrous  tissue  and  degenerated  flattened 
epithelium  about  small  irregular  spaces;  X  360. 

Fig.  47.  Glomerulus  represented  by  rounded,  moderately  cellular,  fibrous  tissue 
surrounded  by  loose  cellular  tissue  infiltrated  with  leucocytes;  X  360. 

Fig.  48.  Similar  to  Fig.  47  but  with  extensive  necrosis;  X  360 
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swelling  of  the  tuft,  degeneration  and  necrosis  of  the  cells,  deposition  of 
fibrin  and  periglomemlar  infiltration  with  leucocA^es  (fig.  49).  In  .some 
glomemli  hyaline  fibrous  tissue  forms,  and  a  rounded  mass  of  this  is  all  that 
remains  of  the  glomenilus  (figs.  44  and  47).  It  would  .seem  also  that 
young  connective  tissue  may  grow  into  the  remains  of  glomeruli,  and  this 
intermixed  with  glomerular  remnants  and  leucocytes  has  little  semblance 
to  the  original  glomerulus  (figs.  44  and  48).  As  might  be  imagined,  a 
large  variety  of  structures  result  to  represent  partially  or  completely  dis- 
organized glomemli.  Often  in  the  surrounding  cellular  connective  tissue 
there  are  many  infiltrating  polymorphonuclear  leucocytes  (figs.  47  and  48). 
Here  and  there  in  other  ca.ses  leucocytes  are  seen  invading  disorganized 
glomerular  tufts  (fig.  51).  In  some  glomemli  necrosis  is  seen  (figs.  44  and 
48).  Nowhere  except  in  some  infarcted  areas  has  leucocyte  invasion 
reached  a  degree  to  constitute  miliary  abscesses,  and  this  even  is  a  very 
infrequent  happening  in  the  infarcts  of  our  61  cases. 

In  25  (40.98  per  cent)  of  the  61  cases  hyaline,  fibrinoid  thrombi  are 
present  in  glomerular  loops  (figs.  9  and  50) ;  at  times  the  thrombus  fills  a 
larger  blood  vessel  entering  the  glomerulus  (figs.  51,  52  and  53).  In  most 
of  these  kidneys  the  thrombi  are  few  in  number  and  found  only  after  pro- 
longed .search.  In  only  4  kidneys  could  they  be  described  as  frequent  or 
numerous;  in  no  case  did  they  form  a  prominent  lesion.  In  the.se  25  cases 
there  were  only  2  in  which  some  proliferation  of  the  cells  of  the  glomerular 
tuft  did  not  occur.  In  other  words  the  fibrinoid  thrombi  occurred  in  23 
(92  per  cent)  of  the  25  cases  in  the  presence  of  a  diffuse  proliferative  cellular 
glomerular  lesion. 

As  a  rule,  there  is  no  reaction  about  the  thrombus.  Sometimes  poly- 
nuclear  leucocj'tes  have  infiltrated  the  glomerular  tuft  in  which  fibrin 
thrombi  occur  or  are  present  in  the  tis.sues  about  an  obstructed  entering 
blood  vessel  (figs.  52 and  53).  The  endothelial  cells  in  the  vessel  obstmcted 
by  the  fibrin  thrombus  do  not  seem  to  have  proliferated;  sometimes  they 
seem  to  have  degenerated. 

Earlier  observers  have  considered  the  lesion  just  described  as  embolic 
in  origin.  Later  some  have  thought  them  to  be  thrombotic,  the  material 
making  them  up  having  originated  localh'.  My  o\yn  study  indicates  that 
they  are  the  result  of  a  thrombotic  process.  In  some  sections  one  sees  areas 
of  degenerated  cells  without  nuclear  staining  in  the  midst  of  well  staining 
cells  of  a  glomerulus  that  shows  cell  proliferation  (fig.  4) .  At  times  within 
a  glomerular  capillary  are  seen  large  cells  with  large  vacuolated  nuclei 
(fig.  8).  Such  degenerations  might  easily  form  the  nidus  for  fibrin  deposi- 
tion and  the  formation  of  a  thrombus.  It  is  possible  that  bacteria  may 
have  been  the  prime  cau.se  of  the  degeneration  that  has  preceded  the  fibrin 
deposit;  if  this  is  true,  possibly  a  good  term  for  them  is  embolic-thrombotic. 
In  some  glomeruli  fibrin  deposits  can  be  seen  between  degenerated  endothe- 
lial or  epithelial  cells;  these  certainly  are  not  of  embolic  origin.  Many 
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years  ago  Dr.  O'Hare  and  I  (5)  described  in  the  rabbit  glomerular  lesions 
like  these  fibrinoid  thrombi  in  cases  of  subacute  bacterial  endocarditis  in 
an  occasional  kidney  damaged  by  subcutaneous  or  intravenous  injections 
of  uranium  nitrate;  in  these  there  could  be  no  probability  of  emboli  playing 
a  part.  It  seems  highly  improbable  that  what  is  seen  in  the  glomeruli  is 
in  any  large  measure  a  broken  off  portion  of  valve  vegetation.  On  the 
whole  thrombosis  seems  most  likely  the  usual  process  that  is  going  on. 

The  part  played  by  streptococci  in  the  mechanism  of  these  various 
glomerular  lesions  has  been  discussed  extensively.  As  a  rule,  bacteria 
have  been  demonstrated  infrequently  in  the  glomeruli  of  these  patients. 


Fig.  49.  Swollen,  degenerated  glomerulus  infiltrated  with  leucocytes  and  fibrin 
and  at  one  side  generated  epithelial  crescent  with  fibrin  and  red  blood  cells;  X  260. 
Fig.  50.  Hyaline,  fibrinoid  thrombi  in  capillar}'  loops:  X  360 
Fig.  51.  Hyaline,  fibrinoid  thrombus  in  afferent  arteriole:  X  360 
Fig.  52.  Similar  to  Fig.  51;  cells  near  thrombus  degenerated  and  infiltrated  with 
leucocytes;  X  360. 

Fig.  53.  Similar  to  Fig.  52;  with  more  infiltrating  leucocytes:  X  360 
Fig.  54.  Dense  masses  of  cocci  in  blood  vessels  of  glomerulus;  latter  in  part  de- 
generated, in  part  moderately  cellular;  X  360. 

I  have  seen  them  in  .sections  from  but  4  of  the  61  cases  (6.55  per  cent)  of 
this  study.  In  the.se  the  cocci  made  up  great  masses  of  bacteria  filling 
quite  large  glomerular  capillaries  (fig.  54)  but  causing  no  reaction  in  the 
capillary  wall  and  surrounding  cells.  It  looks  as  if  shortly  before  or  after 
death  cocci  for  some  reason  had  multiplied  very  rapidly  to  form  great 
colonies  of  bacteria.  It  is  fair  to  state,  however,  that  the  kidney  tissues 
from  my  cases  have  not  been  stained  by  special  methods  to  demonstrate 
bacteria,  and  so  small  groups  of  cocci  easily  may  have  been  overlooked. 

All  of  the  focal  lesions  herein  described  varied  much  in  freriuency  from 
kidnej'  to  kidney;  usualh'  fairly  frequent,  only  rarely  did  they  dominate 
the  histological  picture.    In  these  kidneys  tubular  epithelium  generally 
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showed  granular  degeneration  of  cytoplasm  with  pyknosis  or  disappear- 
ance of  some  nuclei.  In  the  tubules  granular  debris  and  casts  were  fre- 
quent. Often  tubules  were  filled  with  blood  derived  from  lesions  in  the 
connected  glomerulus,  ^\^len  glomeruli  have  been  injured  to  the  point  of 
loss  of  function,  the  connected  tubule  shows  an  atrophy  of  its  epithelium. 

In  the  clinical  studj'  of  this  group  of  patients  with  fatal  .subacute  strepto- 
coccus viridans  endocarditis  and  post-mortem  study  of  the  kidneys  the  urine, 
with  the  exception  of  that  from  11  patients  (18.03  per  cent),  showed  ab- 
normalities. This  would  be  expected,  since  all  of  these  patients  suffered 
from  an  infectious  disease  in  which  for  many  days  fever,  often  of  quite 
high  degree,  existed  during  a  part  of  the  twenty-four  hour  period,  and  at 
autopsy  they  showed  lesions  in  the  kidneys;  actualh-  it  is  surprising  that 
any  of  the  patients  had  excreted  urine  that  was  normal.  The  renal  lesions, 
as  already  described,  were  of  two  types,  1)  diffuse  or  general  and  2)  focal. 
The  diffuse  or  general  lesions  were,  besides  the  proliferative  glomerular 
lesions  and  the  thickening  of  the  capillary  basement  membrane,  in  the 
nature  of  degeneration  of  different  degrees  in  the  tubular  epithelium  such 
as  are  found  in  febrile  diseases.  The  focal  lesions  were  "embolic- 
thrombotic"  lesions  in  the  glomeruli,  atrophic  and  degenerative  changes 
in  the  epithelium  of  tubules  arising  from  seriously  damaged  glomeruli, 
hemorrhage  into  glomerular  spaces  and  tubules  and  infarcts.  For  these 
individual  lesions  no  pathognomonic  urinary  patterns  were  encountered 
that  would  permit  a  definite  intra-vitam  diagnosis  of  the  type  or  types  of 
pathological  lesion  to  be  found  on  post-mortem  study  bej-ond  the  presence 
at  times  of  many  red  cells  in  the  urine  making  it  probable  that  the  kidneys 
contained  proliferative,  cellular,  diffuse  glomerular  lesions  and  some  type 
of  focal  glomerular  lesion,  often  along  with  other  of  the  renal  lesions  al- 
ready described. 

Albuminuria,  in  amount  ranging  from  the  more  frequent  slightest  pos- 
sible trace  or  slight  trace  to  the  occasional  large  amount,  was  observed  in 
all  but  13  of  the  61  patients,  i.e.,  78.69  per  cent  had  albuminuria;  21.31 
per  cent  were  without  it.  This  would  be  expected  as  albuminuria  in  slight 
amount  usually  is  associated  with  prolonged  fever  of  almost  any  cause  and 
in  larger  amount  usually  accompanies  lesions  of  the  glomeruli. 

Cylindruria,  on  the  other  hand,  was  not  a  prominent  feature.  A  few 
hyaline  or  granular  casts,  as  a  rule,  were  found,  but  in  none  of  the  patients 
were  casts  very  varied  in  kind  or  numerous  in  number.  In  contrast  blood 
cells  were  seen  in  the  urine  sediment  in  three-fourths  of  the  patients,  and 
in  nearly  half  of  these  the  sediment  was  described  as  showing  numerous 
red  blood  corpuscles  or  as  loaded  with  them.  The  larger  number  of  red 
cells,  as  a  rule,  appear  for  a  short  time  and  then  decrease  or  disappear  or 
are  present  only  for  a  short  time  before  death.  If  daily  examinations  of 
the  urine  of  these  patients  had  been  made,  it  is  probable  that  more  would 
have  shown  periods  of  microscopic  hematuria.    Some  of  the  patients  were 
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in  the  hospital  only  for  short  periods  of  time,  and  these  had  few  examina- 
tions of  the  urine.  In  many  of  the  kidneys,  whieh  during  life  had  excreted 
on  occasions  urine  containing  many  red  cells,  infarcts,  glomerular  thrombi 
and  proliferative  glomerular  lesions  were  found.  Of  these  infarction  and 
glomerular  "thrombi"  probably  were  least  imi)ortant  in  causing  the  escape 
of  red  blood  cells,  since  in  the  urine  of  half  of  the  patients  with  renal  in- 
farcts no  red  blood  cells  or  only  a  rare  one  were  seen,  and  this  was  true  also 
of  two-thirds  of  those  with  glomerular  thrombi.  Furthermore,  infarcts 
were  present  in  all  of  the  patients  whose  urine  was  normal,  and  fil)rinoid 
glomerular  thrombi  in  four  of  the  eleven  that  had  normal  urine.  Thus 
the  excretion  at  times  of  a  urine  containing  numerous  to  very  large  numbers 
of  red  blood  cells  suggests  the  presence  of  a  diffuse  or  focal  proliferative 
cellular  glomerular  lesion  rather  than  the  presence  of  infarction  or  fibrinoid 
glomerular  thrombi. 

Seventeen  (26.88  per  cent)  of  the  Gl  patients  showed  decreased  renal 
function  as  indicated  by  decreased  phenolsulphonephthalein  excretion  or 
by  elevated  blood  urea  nitrogen.  In  only  7  of  these  was  the  change  from 
normal  great  enough  for  possible  symptoms  of  uremia;  no  one  of  the.se 
patients,  however,  became  definitely  uremic  before  death. 

SUMMARY 

The  kidneys  from  61  patients  dying  from  subacute  streptococcus  viridans 
endocarditis  showed  1)  slight  swelling  and  edema,  practically  in  all,  2) 
focal  hemorrhages,  causing  the  "flea-bitten"  kidney  in  13.11  per  cent  and 

3)  areas  of  infarction  in  91.8  per  cent.  Microscopic  .study  .shows  a  dif- 
fusely distributed,  proliferati\  e.  cellular,  glomerular  lesion,  analogous  to 
the  lesion  in  acute  intracapillarv  proliferative  glomerulonephritis  in 80.32 
per  cent  of  the  cases  and  diffusely  distributed,  hyaline  thickening  of  the 
walls  of  the  glomerular  capillaries  in  16.39  per  cent;  the  latter  was  the 
only  lesion  in  4  of  the  10  kidneys,  so  that  85.24  per  cent  of  the  cases  showed 
a  glomerular  lesion  diffu.se  in  distribution.  Five  types  of  focal  glomemlar 
lesions  were  seen;  1)  proliferation  of  the  capsular  epithelium,  .so-called 
epithelial  crescents,  in  3().0()  per  cent  of  the  kidneys;  2)  focal  fibrous  lesions, 
chiefly  projecting  into  the  capsular  space  of  the  glomerulus  from  the  cap- 
sule, sometimes  situated  within  the  glomerular  tuft,  in  26.23  per  cent  of  the 
kidneys;  3)  complete  disorganization  of  glomeruli,  an  occasional  lesion; 

4)  hyaline  fibrinoid  thrombi  in  glomerular  \  es.sels  in  40.98  per  cent  of  the 
kidnej's,  and  5)  masses  of  bacteria  in  glomerular  capillaries  in  4  cases 
(6.55  per  cent) .  All  of  the.se  focal  lesions  were  present  in  varying  f rec^uency 
in  sections  from  different  kidneys;  only  very  rarely  did  they  dominate  the 
histological  picture.  They  occurred  only  very  rarely  in  glomenili  without 
other  lesions. 

Albuminuria  was  present  in  78.69  per  cent  of  the  patients.  C'\'lindruria 
was  not  prominent,  a  few  hyaline  and  granular  casts  being  the  rule.  A 
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considerable  microscopic  hematuria  was  found  in  75  per  cent  of  the  patients, 
usually  intennittentl}'  for  short  periods  of  time  or  shorth'  before  death. 
The  excretion  at  times  of  a  urine  containing  in  the  sediment  numerous  to 
very  large  numbers  of  blood  cells  suggests  the  presence  of  a  diffuse  or  focal, 
proliferative,  glomerular  lesion  rather  than  the  presence  of  infarction  or 
fibrinoid  glomerular  thrombi.  Decreased  renal  function  as  indicated  by 
decreased  excretion  of  phenolsulphonephthalein  or  by  elevated  blood  urea 
nitrogen  was  observed  in  one-fourth  of  the  patients,  but  in  none  of  them 
did  this  result  in  symptoms  of  uremia. 
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AGENESIS  OF  THE  CEREBELLUM  (VERIFIED  BY  OPERATION) 


IRA  COHEN,  M.D. 
[From  the  Xeurosurgical  Service,  The  Mount  Sinai  Hospital,  New  York] 

All  of  the  hitherto  reported  cases  of  agenesis  of  the  cerebellum  are  based 
on  post  mortem  material.  As  such  there  is  a  completeness  and  a  certain 
finality  in  the  description  of  the  gross  and  the  microscopic  studies.  Some 
few  of  the  authors  have  been  able  to  give  the  clinical  history  so  that  a 
grasp  of  conditions  as  they  existed  in  life  may  be  obtained. 

As  Baker  and  Graves  (1)  point  out,  complete  agenesis  is  extremely  rare. 
The  malde\elopment  varies  from  absence  of  the  entire  cerebellum  to  a 
partial  defect  of  one  hemisphere.  The  authors  also  note  that  a  distinction 
between  atrophy  and  agenesis  must  be  made.  They  give  a  brief  review  of 
the  cases  reported  up  to  193L  More  recently  Rubinstein  and  Freeman 
(2)  in  reporting  the  life  history  and  the  post  mortem  gross  and  microscopic 
studies,  discussed  the  question  of  compensation  for  the  cerebellar  defi- 
ciences. 

The  chief  interest  in  the  case  to  be  described  is  that  a  maldevelopment 
was  suspected  prior  to  the  air  studies,  that  these  confirmed  the  suspicion. 
Moreover,  signs  of  increasing  intracranial  pressure  made  operation  im- 
perative, and  the  condition  of  agenesis  was  verified  by  the  operation. 

C.\SE  REPORT 

History  (.\dm.  450969).  In  January  1940  a  thirteen  year  old  boy  was  admitted  to 
the  Xeurological  Service  because  of  headaches  of  ten  weeks'  duration.  He  was  the 
fourth  child  delivered  normally  after  sixteen  hours  of  labor.  His  development  was 
slow,  he  did  not  walk  until  the  age  of  nineteen  months  and  did  not  speak  more  than  a 
few  words  until  he  was  over  four  years  old.  His  school  work  was  such  as  to  keep  him 
in  an  ungraded  class.  However,  he  managed  to  get  along  very  well  with  other  chil- 
dren. He  suffered  headaches,  which  necessitated  hospitalization;  these  were  infre- 
quent at  the  onset  but  later  were  a  daily  occurrence;  they  would  usually  come  on 
late  in  the  day  and  last  for  several  hours,  .\ssociated  with  the  headaches  was  the 
subjective  feeling  of  falling,  always  toward  the  left.  On  one  occasion  there  was 
diplopia  and  once  vomiting.  For  the  entire  period  of  ten  weeks  he  complained  of 
constant  fatigue  and  showed  little  inclination  to  play. 

Examination.  The  boy  was  shy  and  obviously  subnormal  mentally,  though  he 
cooperated  fully  in  the  examination.  This  showed  his  speech  to  be  monotonous  and 
infantile.  His  head  had  a  peculiar  elongated  shape.  A  tympanitic  note  was  ob- 
tained throughout  on  percussing  the  head.  Both  pupils  were  dilated,  the  right  more 
than  the  left,  but  they  both  reacted  to  light  and  in  accommodation.  There  was  a  left 
external  rectus  weakness.  Both  fundi  showed  papilledema  of  one  diopter,  with 
dilated  retinal  veins.  There  appeared  to  be  a  slight  left  central  facial  weakness. 
The  gag  reflex  was  depressed.    Alternating  and  skilled  acts  were  poorlj-  carried  out 
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especially  with  the  left  hand.  Some  observers  thought  that  the  left  arm  and  leg  were 
weaker  than  the  right.  The  deep  reflexes  were  depressed  in  the  upper  extremities 
and  hyperactive  in  the  lower  extremities.  Xo  Babinski  sign  or  other  abnormal 
reflexes  were  found. 

Laboratory  Data.  The  cerebrospinal  fluid  pressure  measured  330  mm.  water  with 
an  Ayala  index  of  5.7.  The  cells,  total  protein  and  serology  showed  no  deviation  from 
the  normal.  X-ray  studies  of  the  skull  revealed  a  large  skull  with  some  separation 
of  the  fronto-parietal  sutures. 

Operation.  On  January  16,  1940  Dr.  Sidney  Gross  carried  out  ventriculography 
through  bilateral  occipital  burr  holes.  The  dura  appeared  tougher  than  normal  and 
when  it  was  incised  a  thin  membrane  presenfed  itself  beneath  it.  When  this  was 
opened,  clear  fluid  escaped  in  large  amounts.  At  first  a  bilateral  subdural  hydroma 
was  suspected,  but  no  underlying  brain  tissue  could  be  seen.  X'o  air  was  injected, 
but  sufficient  air  replaced  the  escaping  fluid  to  provide  satisfactory  x-ray  studies. 
These  showed  in  the  antero-posterior  views  tremendously  dilated  lateral  ventricles; 
in  the  lateral  view  these  appeared  to  be  crowded  forward  and  upward  by  a  cavity 
containing  air  (fig.  1).  This  latter  occupied  the  posterior  fossa  and  the  posterior 
portion  of  the  middle  fossa.  In  the  vertex  down  position  (fig.  2)  the  third  ventricle 
was  visualized,  and  extending  from  it  could  be  seen  the  iter,  the  caudal  end  of  which 
opened  into  the  air  filled  cavity  in  the  posterior  fossa.  Air  was  seen  in  the  spinal 
canal  to  the  second  cervical  vertebra. 

Postoperative  Course.  The  immediate  postoperative  reaction  was  very  stormy. 
The  boy  was  drowsy  and  vomited  frequently.  Lumbar  punctures  yielded  xantho- 
chromic cerebrospinal  fluid.  For  several  days  he  improved,  but  then  he  began  to 
have  bouts  of  agonizing  headaches  at  which  times  there  would  be  pronounced  bulging 
at  the  site  of  the  burr  holes.  Temporary  relief  was  afforded  by  the  evacuation  of 
fluid  through  these  openings.  These  bouts  appeared  at  more  frequent  intervals  and 
the  papilledema  advanced  so  that  operation  for  the  relief  of  pressure  became  im- 
perative. 

Operation.  From  the  clinical  picture,  an  exploration  of  the  posterior  fossa  seemed 
indicated.  But  it  was  known  that  the  fluid  had  been  obtained  from  the  burr  holes 
made  over  the  normal  site  of  the  occipital  lobes.  Moreover,  this  area  seemed  con- 
tinuous with,  or  part  of,  the  air-filled  cavity  in  the  posterior  fossa,  and  the  tentorium 
appeared  to  be  situated  abnormally  high.  Therefore,  on  February  6,  1940,  under 
local  anesthesia,  an  occipital  flap  was  made  (fig.  3).  As  events  transpired  the  expo- 
sure was  adequate,  though  a  trifle  cramped.  The  quadrilateral  bone  flap  was  turned 
outward  and  the  dura  opened  in  a  similar  fashion.  The  thin  membrane  noted  at  the 
previous  procedure  was  encountered  beneath  the  dura  and  looselj'  attached  to  it. 
When  the  thin  membrane  was  opened  and  a  huge  amount  of  cerebrospinal  fluid  re- 
moved, a  similar  membrane  was  seen  which  extended  from  the  first  membrane  at 
right  angles  in  the  midline  and  divided  the  upper  part  of  the  cavity  into  two 
chambers. 

The  outer  attachment  of  the  tentorium  was  well  above  the  upper  limit  of  the  bone 
flap.  This  fixed  the  attachment  about  half  way  between  the  normal  positions  of  the 
coronal  and  lambdoid  sutures.  The  dividing  membrane  was  torn  through  converting 
the  two  cavities  into  one.  In  tracing  the  rest  of  the  membrane  it  was  found  to  line 
the  entire  inner  surface  of  the  dura  of  the  posterior  fossa  and  to  extend  down  into  the 
spinal  canal,  then  it  turned  upward,  forming  thus  a  closed  pocket  below.  As  it  came 
up  it  spread  out  over  the  brain  stem  and  the  cranial  nerves.  It  was  intimately 
attached  to  the  medulla  and  thinned  out  or  disappeared  over  the  pons.  It  was  very 
vascular,  but  so  thin  that  the  brain  structures  could  be  seen  through  it.  There  was 
thus  seen  the  open  fourth  ventricle  and  the  pons.    At  the  upper  end  of  the  latter,  was 
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a  nipple-like  opening  from  which  escaped  cerebrospinal  fluid.  This  was  believed  to 
be  the  lower  end  of  the  iter,  as  noted  in  the  ventriculogram. 


Fig.  1.  Dilated  lateral  ventricles  and  air-filled  cavity  in  posterior  fossa. 


Air  in  the 
spinal  canal 


—     Open  lower 
end  of  the  iter 


F'lc.  2.  Vertex  down  position  showing  iter  communicating  with  air-filled  cavity  in 

posterior  fossa 

On  either  side  of  the  brain  stem  was  a  small  nubbin  of  brain  tissue  less  than  two 
centimeters  in  diameter  which  was  taken  to  be  the  rudimentary  cerebellar  lobes. 
These  resembled  somewhat  the  flocculus  and  were  the  only  structures  seen  that  could 
in  any  way  be  considered  cerebellum  (fig.  4) . 
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Between  clips  the  membrane  was  excised  except  where  it  was  adherent  to  brain 
tissue.    It  was  torn  through  in  the  region  of  the  eighth  nerve  on  the  left  and  was  also 


Fig.  3.  Postoperative  skull  plate  to  show  position  of  flap 


Fig.  4.  Diagram  of  operative  findings 


torn  through  into  the  spinal  canal.  The  dura  was  tightly  sutured,  the  flap  wired  in 
place  and  the  scalp  closed.  The  excised  membrane  was  studied  by  Dr.  J.  H.  Globus 
who  reported  as  follows:  "Sections  of  the  'cyst  wall',  stained  by  the  various  histo- 
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logical  methods,  show  a  layer  of  vascular  connective  tissue  in  close  approximation  to 
brain  tissue.  The  first  layer  resembles  undifferentiated  leptomeninges  and  is  densely 
cellular.  The  second  layer  contains  both  neuronal  and  glial  elements  with  remnants 
of  an  ependymal  zone  along  its  free  border.  The  neuronal  elements  at  times  show 
lamellar  arrangement  with  long  processes  directed  toward  the  meningeal  surface.  In 
some  sections  there  are  small  collections  of  myelinated  fibers  arranged  parallel  with 
and  near  the  ependymal  surface.  At  times  the  ependymal  cells  occur  clumped.  In 
both  brain  and  meningeal  layers  there  are  occasional  blood  vessels  surrounded  by 
aggregates  of  small  cells,  an  arrangement  resembling  that  seen  in  the  foetal  brain. 
Where  the  two  layers  join  there  is  a  wavy  outline  interrupted  by  interdigitations  of 
connective  tissue  which  penetrate  the  brain  tissue  for  varying  distances,  occasionally 
accompanj'ing  small  blood  vessels.  At  times  connective  tissue  fibrils  appear  to 
penetrate  deep  into  the  brain  tissue;  then  again,  processes  from  the  glial  elements 
are  lost  among  the  fibrils  in  the  connective  tissue  laj'er.  There  are  a  few  bipolar  cells 
which  send  one  process  to  the  meningeal  surface  and  another  to  the  ependymal  sur- 
face. In  some  sections  the  nervous  layer  gives  place  to  the  fusion  of  the  ependymal 
and  meningeal  layers  to  form  a  choroid  plexus-like  structure.  Diagnosis :  Blastoma- 
tous  malformation  with  retention  of  primitive  neuromeningeal  organization  resulting 
in  the  formation  of  an  encephalomeningocele." 

Postoperative  Course.  The  immediate  postoperative  course  was  very  unsatis- 
factory. In  addition  to  fever,  which  for  the  most  part  ranged  between  101°F.  and 
103°F.  (on  a  few  occasions  higher),  the  boy  vomited  frequently.  He  had  to  be  fed  by 
tube.  He  found  the  greatest  comfort  in  lying  face  down.  There  was  considerable 
bulging  at  the  site  of  the  original  burr  hole  exploration.  Lumbar  punctures  con- 
trolled this.  This  procedure,  or  aspiration  of  fluid  through  these  holes,  relieved  the 
headache  which  was  a  rather  constant  complaint.  It  was  not  until  a  month  after  the 
operation  that  the  boy  was  really  comfortable  and  could  be  allowed  out  of  bed.  At 
this  time  the  fundi  were  much  improved,  he  had  no  ataxia  in  the  upper  extremities, 
but  his  gait  was  very  unsteady.  Fifteen  months  after  discharge,  he  is  symptom-free 
and  practically  without  abnormal  signs. 

COMMENT 

The  operative  findings  demon.strated  that  the  tentorium  wa.s  displaced 
upward  so  that  it  must  have  reduced  the  space  of  the  middle  fossa,  that, 
except  for  a  small  nubbin  of  tissue,  the  cerebellum  was  completely  absent, 
that  the  lower  end  of  the  iter  opened  into  a  large  canity  and  that  the  foiu'th 
ventricle  had  no  roof  as  this  structure  is  undeistood.  In  spite  of  these 
defects  the  patient,  both  prior  to  the  acute  epi.sode  and  in  the  months  fol- 
lowing the  operation,  has  been  able  to  compensate  very  well.  He  is  not 
normal  in  mental  development,  but  he  is  able  to  engage  in  many  of  the 
activities  of  a  boy  of  his  age.  In  this  respect  he  resembles  some  of  the 
cases  reported,  as  for  example  that  of  Rubinstein  and  Freeman  (2).  The 
sj-mptoms  manifest  in  the  acute  episode  were  those  commonly  seen  in 
tumors  of  the  posterior  fossa.  In  fact,  the  mechanism  to  all  intents  and 
purposes  was  the  same.  The  thin  vascular  membrane  which  was  found 
lying  just  within  the  diu'a  formed  a  sac,  into  which  the  cerebrospinal  fluid 
entered  through  the  patent  iter,  and  from  which  there  was  no  apparent 
free  exit.  The  microscopic  study  of  this  membrane  suggested  that  it 
represented  the  structures  of  the  roof  of  the  fourth  ventricle  as  they  existed 
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at  an  early  stage  of  the  development  of  the  cerebellar  plate.  For  in  it  were 
present  in  zones,  ependATnal  cells,  choroid  plexus  formation,  glial  and 
neuronal  elements  and  leptomeninges.  In  other  words,  the  cavity  repre- 
sented the  interior  of  the  fourth  ventricle.  A  similar  picture  is  graphically 
described  by  Bucy  (3)  in  dealing  with  hydrocephalus  due  to  occlusions  of 
the  foramina  of  Magendie  and  Luschka.  He  points  out  the  elevation  of 
the  tentorium  and  the  reduction  in  size  of  the  cerebellar  lobes.  Dandy 
(4),  writing  on  the  same  subject,  states  the  cerebellar  lobes  may  be  repre- 
.sented  by  small  "nubbins". 

The  occurrence  of  multiple  congenital  defects  in  the  .same  individual  has 
been  noted  many  times.  Agenesis  of  the  cerebellimi  and  absence  of  the 
foramina  of  [Nlagendie  and  Luschka  may  be  part  of  one  and  the  .same 
aplastic  process,  but  not  neces.sarily  so.  Not  everj'  agenesis  of  the  cere- 
bellum is  associated  with  hydrocephalus,  and  the  majority  of  cases  of 
hydrocephalus  involving  the  fourth  ventricle  have  recognizable  cerebellar 
lobes.  Salter  (5)  reported  one  instance  of  unilateral  absence  of  a  cere- 
bellar lobe  with  extreme  hydrocephalus  in  which  the  obstruction  lay  ceph- 
alad  to  the  fourth  ventricle. 

The  degree  of  hydrocephalus  in  our  patient  points  to  a  long-standing 
obstruction  which,  however,  was  probably  not  complete.  Neither  the 
size  nor  the  shape  of  the  boy's  head  was  that  of  a  congenital  hydrocephalus. 
The  acute  episode  marked  the  failure  of  compensation  of  circulation  of  the 
cerebrospinal  fluid,  possibly  the  complete  occlusion  of  an  existing  communi- 
cation of  the  fourth  ventricle  with  the  .subarachnoid  space.  This,  in  tuni, 
provided  the  indication  for  operative  rnter\-ention. 

SUMMARY 

A  case  is  herein  reported  of  a  thirteen  year  old  boy  who  presented  the 
clinical  picture  of  increasing  intracranial  pressure.  At  operation  he  was 
found  to  have  an  agenesis  of  the  cerebellum  with  complete  ab.sence  of  the 
normal  roof  of  the  fourth  ventricle.  The  latter  was  probably  represented 
bj'  a  thin  vascular  membrane  in  close  contact  with  the  dura,  and  forming  a 
sac  filled  with  cerebrospinal  fluid.  Operative  procedures  providing  for  the 
escape  of  this  fluid  brought  about  an  ameliorarion  of  the  symptoms. 
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SURGICAL  PROBLEMS  IN  THE  TREATMENT  OF  GASTRIC 

ULCER 


RALPH  COLP,  M.D. 
[From  the  Surgical  Service  of  The  Mount  Sinai  Hospital] 

Even  with  the  best  available  diagnostic  facilities,  the  differentiation  be- 
tween benign  and  malignant  lesions  of  the  stomach  may  present  difficulties. 
Diagnostic  errors  are  not  infrequent.  In  1936  Klingenstein  (3)  collected 
165  cases  of  chronic  gastric  ulcer  which  were  operated  upon  at  The  Mount 
Sinai  Hospital,  New  York,  from  1925  to  1935,  and  in  20  per  cent  of  these  a 
diagnosis  of  carcinoma  of  the  stomach  was  made  by  the  roentgenologist. 
Twelve  per  cent,  in  which  a  benign  ulcer  was  diagnosed,  were  proven  to  be 
malignant  subsequently.  In  the  past  three  and  a  half  .vears,  during  which 
28  consecutive  ward  cases  of  gastric  ulcer  were  resected,  there  were  6  addi- 
tional cases  in  which  a  benign  ulcer  was  .suspected  but  in  which  a  carcinoma 
was  present  at  the  time  of  exploration. 

C.\SE  REPORTS 

Case  1  is  rather  typical  of  this  group.  The  patient,  a  comparatively 
young  man,  was  under  observation  and  treatment  for  an  ulcer  of  the 
stomach  for  over  one  and  a  half  years.  Operation  unfortunateh'  disclosed 
a  well  advanced  carcinoma  with  lymph  node  metastases. 

Case  1.  History  (.\clm.  475800).  This  was  the  first  admission  of  a  45  j'ear  old 
Polish  male  chemist  who  one  and  a  half  years  before  entry  began  to  have  acid  eructa- 
tions, retrosternal  and  epigastric  burning  pain  about  t<vo  hours  after  eating.  X-ray 
cxarhination  of  the  stomach  revealed  an  ulcer  which  was  thought  to  be  benign.  This 
responded  to  a  prescribed  medical  regime.  Three  months  prior  to  admission  his 
symptoms  recurred  and  he  again  responded  to  medical  treatment.  Later  he  was 
referred  to  the  hospital  from  the  Out-Patient  Department  for  a  recurrence  of  his 
symptoms,  absence  of  free  hydrochloric  acid  in  the  test  meals,  and  x-ray  evidence  of  a 
4  cm.  ulcer  crater  with  an  irregular  base  along  the  lesser  curvature  of  the  stomach. 

Laboratory  data.  Hemoglobin  94  per  cent:  red  blood  count,  4,700,000;  white  blood 
count,  7,900  with  a  normal  differential.  The  urine  was  negative.  The  blood  Wasser- 
mann  reaction  was  negative.  Gastric  analysis  showed  normal  free  and  combined 
acidity.  Gastroscopy  revealed  the  proximal  edge  of  an  ulcerated  mass  on  the  lesser 
curvature  and  posterior  wall  at  the  angularis.  The  base  of  the  ulcer,  antrum  and 
pylorus  could  not  be  seen.    The  stool  was  negative  for  guaiac. 

Operation.  Exploration  was  performed  under  spinal  anesthesia  through  a  median 
epigastric  incision.  It  revealed  a  deeply  ulcerated,  infiltrating  colloid  carcinoma 
of  the  stomach  with  extension  into  the  mesentery  and  involvement  of  the  glands  in 
the  region  of  the  re-entrant  angle  along  the  lesser  curvature.  A  typical  retrograde 
subtotal  gastrectomy  was  performed,  and  ante-colic  Hofmeister  termino-lateral 
gastro-jejunostomy  completed  the  procedure. 
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The  pathologic  report  revealed  a  colloid  carcinoma  with  extension  into  mesentery, 
and  early  involvement  of  Ij-mph  nodes. 

Course.  The  postoperative  course  was  entirely  uneventful,  and  patient  was  dis- 
charged seventeen  days  after  operation. 

Case  2  is  of  interest  because  in  the  absence  of  free  hydrochloric  acid  in 
the  aspirated  gastric  contents,  and  po.sitive  x-ray  findings,  a  carcinoma  was 
suspected.  Even  at  the  time  of  operation  the  diagnosis  of  mahgnancy  was 
made  by  the  surgeon.  However,  the  pathologic  examination  disclosed  a 
benign  lesion. 

Case  2.  History  (Adm.  476464).  This  was  the  first  admission  of  a  45  j'ear  old  man 
who  was  apparently  well  until  twenty  months  prior  to  entry  when  he  noted  the  devel- 
opment of  epigastric  distress,  before  and  after  meals,  relieved  by  food  and  soda. 
This  became  worse  but  was  not  associated  with  vomiting.  Seven  months  previously 
he  was  hospitalized  at  another  institution  in  which,  on  conservative  treatment 
including  milk  drip  and  amphojel,  marked  improvement  was  soon  noted,  with  a 
decrease  in  the  size  of  the  ulcer  on  x-raj'  examination.  However,  since  that  time 
his  diet  had  been  irregular  and  the  pain  had  become  recurrent.  Several  days  before 
admission  there  was  a  hematemesis  of  several  ounces  for  the  first  time.  The  patient 
had  lost  twenty  pounds  in  weight  during  a  period  of  three  months.  At  the  age  of  20 
he  contracted  sj'philis  and  was  treated  for  two  years. 

Examination.  The  patient  was  an  emaciated  man.  The  pupils  were  irregular 
and  unequal  and  did  not  react  to  light  or  in  accommodation.  The  lungs  were  clear. 
The  heart  was  normal.  The  blood  pressure  was  110  systolic  and  64  diastolic.  There 
was  slight  tenderness  in  the  epigastrium.  There  was  a  small  supraumbilical  hernia. 
Neurological  examination  revealed  diminished  deep  reflexes  in  the  legs,  positive 
Babinski  and  confirmatorj'^  on  the  right. 

Laboratory  data.  Hemoglobin  80  per  cent.  White  blood  count  8,000  with  normal 
differential.  Blood  Wassermann  reaction,  2  plus.  Cerebrospinal  fluid  Wassermann 
reaction,  negative;  colloidal  gold,  negative:  globulin,  negative.  Blood  urea  nitro- 
gen, 12  mg.  per  cent;  blood  sugar,  60  mg.  per  cent:  chloride,  620  mg.  per  cent:  total 
protein  4.5  grams  per  cent.  Carbon  dioxide  combining  power,  67.5  volumes  jjer  cent. 
Electrocardiogram  showed  no  abnormal  changes.  Gastric  analysis  revealed  a  very 
small  amount  of  acid.  A  gastrointestinal  series  showed  a  smooth  projection  on  the 
lesser  curvature  of  the  stomach  just  at  the  re-entrant  angle.  The  appearance  was 
suggestive  of  an  ulcerating  neoplasm. 

Because  of  the  lack  of  free  acid  in  the  Rehfuss  test  together  with  the  x-ray  findings, 
and  the  fact  that  gastroscopy  showed  an  ulcerating  lesion  8  cm.  below  the  cardia, 
which  was  interpreted  to  be  malignant,  a  tentative  diagnosis  of  a  carcinoma  of  the 
stomach  was  made. 

Operation.  Operation  w-as  performed  under  spinal  anesthesia  through  a  median 
epigastric  incision.  A  firm,  indurated  lesion  was  found  at  the  re-entrant  angle  along 
the  lesser  curvature  of  the  stomach.  A  retrograde  subtotal  gastrectomy-  of  the  Bil- 
roth  II  type  with  an  ante-colic,  termino-lateral  gastro-jejunostomy  of  the  Hofmeister 
type  was  performed.    The  abdominal  wound  was  closed  in  layers. 

Pathologic  report  was  chronic  peptic  ulcer  of  the  stomach  with  no  evidence  of 
tumor. 

Course.    The  postoperative  course  was  entirely  uneventful. 

However,  any  gastric  ulcer  intrinsically  possesses  the  possibilitj'  of  under- 
going carcinomatous  transformation.    In  our  experience  this  is  rare,  and 
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according  to  Klein  (2)  it  occurred  onlj'^  twice  in  the  careful  pathologic  study 
of  140  cases  of  chronic  gastric  ulcer. 

Case  3.  History  (Adni.  457151).  For  fifteen  years  the  patient  had  complained 
of  periodic  epigastric  pain  associated  with  a  "choking  feeling"  two  hours  after  meals, 
and  relieved  by  food  and  alkali.  Because  of  an  exacerbation  of  pain  in  January  and 
March,  1940,  associated  with  anorexia  and  loss  of  ten  pounds,  he  finally  decided  to 
determine  the  cause  of  these  symptoms  and  was  referred  to  the  Consultation  Service 
of  The  Mount  Sinai  Hospital  in  :May,  1940. 

.\  gastrointestinal  series  at  that  time  revealed  a  large  gastric  ulcer  on  the  posterior 
wall  just  above  the  re-entrant  angle  with  a  protruding  pocket  two  inches  in  diameter 
on  the  lesser  curvature.  There  was  also  a  30  per  cent  residue  of  barium  at  six  hours 
Because  of  its  large  size,  a  carcinoma  was  suspected,  but  an  attempt  at  gastroscopy 
was  unsuccessful  because  of  a  marked  kj^phoscoliosis. 

The  patient  was  advised  to  enter  the  hospital,  where  a  therapeutic  test  was 
carried  out,  using  the  amphojel  phosphate  continuous  intra-gastric  drip  during  the 
daj-  between  meals,  and  throughout  the  night.  The  pain  rapidly  disappeared.  The 
patient  gained  weight  and  there  was  a  notable  increase  in  appetite. 

Three  weeks  after  this  therapy  was  begun  a  gastrointestinal  series  showed  a 
marked  decrease  in  the  size  of  the  ulcer  from  2  inches  in  diameter  to  |  inches,  and 
another  series  six  weeks  after  the  intra-gastric  drip  was  started  showed  still  further 
diminution  with  only  a  very  shallow  crater.  There  was  no  gastric  retention.  It  is  of 
interest  that  after  the  patient  had  been  on  this  therapy  for  two  weeks,  discontinu- 
ance of  the  amphojel  for  24  hours  produced  a  sharp  re-exacerbation  of  pain. 

The  patient  was  discharged  after  seven  weeks,  in  July,  1940,  having  gained  seven 
pounds  and  being  much  improved.  The  only  other  significant  findings  were  a  free 
acid  of  40  and  total  acid  of  60.  The  stools  were  negative  for  guaiac.  The  hemo- 
globin was  89  per  cent.  A  diagnosis  of  essential  hypertension  was  made,  because  of 
the  presence  of  a  soft,  systolic  apical  murmur.  The  blood  pressure  was  160  systolic 
and  94  diastolic,  and  liver  was  enlarged  to  two  fingers  below  the  right  costal  margin. 

The  patient  continued  to  do  well  at  home  for  several  months  until  October,  when 
the  symptoms  recurred  following  an  upper  respiratory  infection.  The  pains  were 
worse  than  they  had  ever  been,  being  described  as  "terrific"  and  were  rather  severe 
at  night.  However,  he  did  not  consult  a  physician  until  January  10,  1941,  when  he 
also  complained  of  belching  after  meals  and  a  fear  of  eating  because  of  the  pain. 
Except  for  a  blood  pressure  of  148  systolic  and  98  diastolic  and  lower  substernal 
tenderness,  there  were  no  other  significant  findings  on  physical  examination.  His 
weight  had  been  maintained. 

Despite  a  strict  dietary  regime  and  medication,  the  pain  continued  and  started  to 
radiate  through  to  the  back.  A  gastrointestinal  series  on  January  21,  1941  showed  a 
stomach  with  a  large  layer  of  hypersecretion  and  an  ulcer  at  the  previous  site,  11 
inches  in  diameter,  with  a  marked  incisura  opposite  the  ulcer.  There  were  no  other 
findings,  and  gastric  mobility  was  normal. 

In  view  of  the  persistent  symptoms,  lately  radiating  to  the  back,  the  failure  of 
permanent  response  to  the  strictest  type  of  in-bed  medical  therapy,  and  the  age  of 
the  patient,  he  was  referred  to  surgery  with  a  diagnosis  of  gastric  ulcer  penetrating 
into  the  pancreas,  with  possible  malignant  change. 

Operation.  A  subtotal  gastric  resection  with  Hofmeister  ante-colic  termino- 
lateral  gastro-jejunostomy  was  performed  under  ethylene  and  avertin  anesthesia. 
The  pathologic  report  was  as  follows:  "At  the  mid-portion  of  the  lesser  curvature  was 
a  circular  lesion  3  cm.  in  diameter  and  about  .6  cm.  in  depth  with  a  necrotic  ulcerated 
center.    The  edges  were  indurated  and  elevated  above  the  general  level  of  the  mu- 
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cosa.  The  mucosa  at  the  periphery  of  this  lesion  was  granular  in  nature  and  some- 
what indurated.  At  the  base  of  the  lesion  on  the  serosal  surface  there  was  scar  tissue 
marking  the  site  at  which  penetration  onto  the  capsule  of  the  pancreas  had  occurred. 
The  lesion  microscopically  revealed  an  adenocarcinoma  with  a  chronic  peptic  ulcer. 
The  lymph  nodes  were  not  involved." 

Course.  Despite  the  presence  of  a  severe  kyphoscoliosis  in  an  individual  with 
arteriosclerosis  with  hypertension,  and  except  for  a  postoperative  pneumonia 
promptly  controlled  by  sulfapyridine,  he  made  an  uneventful  recovery. 

The  frequency  of  carcinomatous  ulcer.s  of  the  stomach  may  be  gauged  by 
the  fact  that  during  the  past  three  and  a  half  years,  126  of  the.se  cases  were 
explored.  Unfortunately,  only  45  per  cent  were  found  to  be  operable,  and 
in  this  group  the  lymph  nodes  were  involved  in  50  per  cent.  It  is  a  sad 
commentary  on  medical  practice  that  17  per  cent  of  these  patients  had 
previously  been  treated  for  dyspepsia  for  varying  periods  of  time,  and  not 
a  few  had  received  a  course  of  medical  treatment  for  a  so-called  "gastric 
ulcer". 

These  percentages  are  of  more  than  academic  interest.  They  call  atten- 
tion to  the  fact  that  no  patient  should  be  diagnosed  empirically  as  dyspepsia 
and  di.smissed  without  the  benefit  of  a  thorough  investigation.  These 
figures  emphasize  quite  definitely  that  a  diagnosis  of  gastric  ulcer  should 
not  be  made  until  certain  well  established  criteria  have  been  fully  satisfied 
clinically,  gastroscopically,  roentgenologically  and  therapeutically,  i.e.,  a 
recession  or  disappearance  of  the  ulcer  pocket  after  a  three  week  period  of 
medical  treatment.  However,  it  must  not  be  forgotten  that  some  malig- 
nant ulcers  too  grow  smaller  under  appropriate  diet,  with  a  temporary 
disappearance  of  all  symptoms.  Therefore,  it  is  of  paramount  importance 
that  a  frequent  and  careful  checkup  be  made  in  patients  with  a  gastric 
ulcer.    It  is  only  in  this  way  that  an  earh^  carcinoma  may  be  recognized. 

It  is  universally  agreed  that  the  treatment  of  gastric  ulcer  is  primarily 
medical,  and  that  the  majority  of  cases  respond  readily  to  dietetic  measures. 
But  all  cases  are  not  medical  problems  and  there  are  indications  for  surgery 
in  addition  to  the  suspicion  of  malignancj'.  Operation  may  be  urgently 
necessarj'  in  those  patients  presenting  the  acute  symptoms  of  a  sudden 
perforation.  A  simple  closure  of  the  ruptured  ulcer  is  all  that  is  usually 
done  at  this  time.  We  do  not  advocate  a  gastroenterostomy  or  a  gastric 
resection  at  this  stage.  However,  we  feel  quite  strongly  that  patients 
suffering  from  an  acute,  .severe  hemorrhage  do  not  present  an  urgent 
surgical  problem.  We  are  not  in  accord  with  the  dictum  that  patients 
over  forty-five  suffering  from  a  massive  hemorrhage  should  be  operated 
upon  within  the  first  twentj'-four  hours.  These  cases  are  treated  conserva- 
tively by  the  Muelengracht  regime,  delaying  surgery  until  the  acute  episode 
has  completely  subsided  and  the  physical  condition  of  the  patient  has  ma- 
terially improved.  Occasionally  a  patient  will  die  from  acute  hemorrhage, 
but  surgery  in  this  type  of  case  might  also  prove  to  be  as  disastrous. 
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Fortunately,  in  our  present  series  we  were  not  forced  to  operate  upon  any 
case  with  hemorrhage  during  the  acute  stage. 

The  chronic  refractory  cases  may  be  ascribed  to  those  penetrating,  callous 
ulcers  which  occupy  the  pyloric  and  prepyloric  region  resulting  often  in  an 
organic  stenosis;  to  perforating  lesions  situated  in  the  antrum,  in  the  lesser 
curvature,  near  the  re-entrant  angle,  and  in  the  cardiu.  All  these  cases 
which  have  not  responded  to  medical  treatment  require  a  careful  preopera- 
tive preparation  with  adeciuate  fluids,  a  liberal  high  protein  diet  with  vita- 
mins, and  if  anemia  is  jiresent,  repeated  blood  transfusions.  While  all 
prepyloric  and  pyloric  ulcers  are  routinely  explored,  because  clinically  it  is 
extremely  difficult  to  differentiate  between  a  benign  and  a  malignant  ulcer 
in  this  region,  cases  with  pyloric  stenosis  recjuire  special  preoi)erati\'e  prep- 
aration. Stomach  lavages  are  given  until  the  gastric  dilatation  with  its 
retention  has  been  materially  diminished,  and  parenteral  fluids  of  saline 
are  administered  until  the  fluid  balance  is  maintained  and  the  alkalosis 
which  may  have  been  present  has  been  definitely  corrected. 

It  is  those  cases  which  are  complicated  by  repeated  hemorrhage,  by  long 
standing  pyloric  stenosis,  by  high  lying  penetrating  caixliac  ulcers,  and  by 
previous  gastric  surgery  which  contribute  to  a  high  surgical  mortality.  If 
the  surgical  mortality  is  to  be  kept  within  reasonable  limits  there  must  be 
closer  cooperation  between  internists,  gastroenterologists,  and  surgeons. 
Cases  which  do  not  respond  adequately  to  treatment  should  be  referred  for 
operation  before  more  serious  complications  have  developed,  complications 
which  may  turn  the  odds  against  the  benefits  of  surgery. 

Gastric  operations  are  best  performed  under  spinal  anesthesia  supple- 
mented by  intravenous  pentathal  if  necessary.  However,  regardless  of  the 
anesthetic  employed,  the  incidence  of  postoperative  pulmonary  complica- 
tions is  extremely  high.  These  contribute  undoubtedlj-  to  the  post- 
operative mortality  and  morbidity. 

Many  operations  have  been  advocated  in  the  treatment  of  gastric  ulcer. 
Gastroenterostomy  as  a  definitive  procedure  for  ulcer,  especially  the 
cardiac  variety,  has  not  been  a  satisfactory  procedure  in  our  hands.  AVhile 
it  is  true  that  the  gastric  acidity  is  diminished  due  to  the  neutralizing 
effects  of  duodenal  regurgitation,  the  symptoms  are  not  relieved  perma- 
nently. Local  excision  of  a  high  lying  chronic  calloused  ulcer,  supple- 
mented by  gastroenterostomy,  is  technically  difficult,  and  often  extremely 
dangerous.  Dissection  in  this  chronically  inflamed  tissue,  and  the  insecu- 
rity of  the  suture  line  obtained  under  these  conditions  often  leads  to  a  fatal 
peritonitis.  A  partial  gastrectomy  of  the  "sleeve"  type  has  been  aban- 
doned because  it  interfered  too  often  with  the  normal  functions  of  the 
stomach. 

The  procedure  of  choice  in  this  clinic  is  a  subtotal  gastrectomy  of  the 
Bilroth  II  type  with  restoration  of  intestinal  continuity  by  a  Hofmeister 
termino-lateral  gastro-jejunostomy.    The  anastomosis  may  be  made  either 
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anterior  or  posterior  to  the  colon.  This  operation  which  removes  the 
pylorus  and  antrum  has  certain  advantages.  It  removes  the  ulcer  radi- 
cally, and  if  the  resected  specimen  should  prove  to  be  malignant  the  chances 
of  cure  are  materially  enhanced.  It  produces  an  anacidity  in  most  cases, 
which  apparentlj^  is  instrumental  in  safeguarding  patients  against  future 
gastric  and  gastro-jejunal  ulceration.  But  subtotal  gastrectomy  AA-ith 
removal  of  the  ulcer  is  not  practical  in  all  cases.  Chronic  ulcers  situated 
along  the  lesser  curvature  near  the  esophagus,  or  located  high  in  the 
posterior  wall  of  the  stomach  penetrating  into  the  pancreas  cannot  be 
resected  without  a  prohibitive  mortality.  In  order  to  extirpate  these,  a 
complete  gastrectomy  would  be  necessary.  For  this  type  of  lesion  !Madle- 
ner  (4)  in  1923  suggested  a  simple  pylorectomy  leaving  the  ulcer  in  situ. 
Flore  ken  (1)  subsequently  advised  the  removal  of  the  pylorus  and  antrum 
distal  to  the  ulcer  and  called  the  procedure  a  "palliative  gastric  resection". 
This  operation  which  is  .simple  and  effective,  is  justified  both  experimentally 
and  clinically.  A  subtotal  gastrectomy,  especially  in  cases  of  gastric  ulcer, 
produces  a  permanent  anacidity.  In  its  presence  any  ulceration  in  the 
remaining  gastric  segment  apparently  heals  spontaneoush' . 

Case  4  is  typical  of  a  group  of  cases  in  which  a  palliative  gastric  resection 
was  performed. 

Case  4-  History  (Adm.  416481).  This  patient's  history  dated  back  one  year,  at 
which  time  he  developed  the  characteristic  symptoms  of  a  gastric  ulcer.  Inasmuch 
as  ambulatory  medical  treatment  failed  to  relieve  his  pain,  he  was  admitted  to  the 
hospital  and  placed  upon  a  Sippy  diet  and  a  milk  drip.  His  symptoms  were  tem- 
porarily relieved  for  about  three  weeks  and  he  was  discharged.  However,  he  soon 
returned  because  of  a  recrudescence  of  his  symptoms  and  he  was  re-admitted. 

Examination.  The  patient  was  an  emaciated,  middle  aged  man.  The  right  eye 
had  been  enucleated.  There  were  findings  of  a  chronic  bronchitis  and  emphysema. 
There  was  a  systolic  murmur  at  the  cardiac  ape.x,  and  the  heart  was  slightlj'  enlarged. 
The  blood  pressure  was  160  systolic  and  90  diastolic.  There  was  obvious  sclerosis 
and  tortuosity  of  the  peripheral  vessels.  There  was  moderate  tenderness  in  the 
epigastrium.  The  liver  was  palpable  2  cm.  below  the  costal  margin.  The  hemoglo- 
bin was  98  per  cent.  A  preoperative  Rehfuss  test  meal  revealed  62  per  cent  free 
acidity  and  74  per  cent  total  acidity  after  administration  of  I  cc.  histamine.  X-ray 
examination  revealed  a  penetrating  ulcer  of  the  lesser  curvature  of  the  stomach  quite 
proximal  to  the  re-entrant  angle. 

Operation.  Operation  was  performed  on  November  13,  19.37,  under  avertin  and 
ethylene  anesthesia.  The  stomach  was  normal  in  size,  but  in  the  cardiac  area,  in 
the  region  of  the  lesser  curvature  extending  posteriorly,  there  was  a  hard  indurated 
mass  which  invaded  and  seemed  attached  to  the  tail  of  the  pancreas.  A  palliative 
subtotal  gastrectomy  of  the  Hofmeister  type  with  a  posterior  retro-colic  gastro- 
enterostomy was  performed.  The  pathologist  reported  that  14  cm.  of  the  lesser 
curvature  and  16  cm.  of  the  greater  curvature  had  been  removed,  and  that  a  chronic 
gastritis  was  present. 

Course.  The  postoperative  course  was  complicated  by  a  bilateral  basal  bron- 
chopneumonia. 

Patient  has  been  seen  repeatedly,  the  last  time  being  September  24,  1941.  He  has 
gained  30  pounds  in  weight  and  has  had  no  gastric  complaints.    X-ray  and  gastro- 
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scopic  examination  failed  to  reveal  the  presence  of  the  ulcer.  A  test  meal  showed  an 
anacidity. 

These  patients  have  lost  their  symptoms,  and  have  gained  weight.  The 
gastric  analyses  have  failed  to  reveal  any  free  acid.  X-ray  and  gastro- 
scopic  examinations  have  not  demonstrated  the  presence  of  an  ulcer.  This 
operation  may  be  condemned  by  some  because  it  is  futile  if  the  ulcer  which 
has  been  left  in  situ  should  prove  to  be  malignant.  This  is  essentially  true, 
but  when  an  ulcer  of  this  type  reaches  the  stage  of  penetration  and  in- 
filtration into  adjacent  tissues,  it  is  radically  inoperable  if  it  is  malignant. 

SUMMARY 

In  this  series  of  28  consecutive  ward  cases  of  gastric  ulcer,  a  subtotal 
gastrectornj'  was  performed  in  23,  a  palliative  gastric  resection  in  5. 
There  were  2  deaths,  1  on  the  second  day,  presumably  due  to  a  fulminating 
pneumonia,  and  1  on  the  fourth  day,  in  which  an  autopsy  disclosed  an 
extensive  pneumonitis. 

The  follow-up  results  in  all  cases  have  been  excellent. 
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LEWIS  A.  CONNER,  M.D. 
[New  York  City] 

We  have  come  to  realize  of  late  that  attacks  of  coronary  occlusion  with 
mj^ocardial  infarction  are  not  so  very  rare  in  surgical  wards  as  a  post- 
operative comphcation  (1,2),  and  it  has  been  rather  taken  for  granted  that 
such  attacks  represent  instances  of  coronary  thrombosis.  In  most  cases 
that  assumption  is  doubtless  full}'  justified. 

The  occasional  occurrence,  however,  of  one  pr  more  attacks  suggesting 
acute  coronary  closure,  in  patients  who  have  had  an  operation  or  an  injury 
that  might  well  have  given  rise  to  fat  embolism,  has  raised  in  my  mind  the 
question  as  to  whether  such  fat  emboUsm  ever  produces  sj'mptoms  which 
can  be  recognized  as  due  to  coronary  emboli.sm.  This  question  is  not  one 
merely  of  academic  interest;  it  might  conceiA-ably  have  some  bearing  on 
the  subject  of  prognosis.  Accordingly  it  has  seemed  worth  while  to  review 
the  literature  of  fat  embolism  in  the  hope  of  finding  an  answer  to  that 
question. 

Beneke  (3)  states  that  embolism  resulting  from  the  displacement  of 
particles  or  fragments  of  fat  from  injured  fatty  tissue  is  probably  the  most 
frequent  of  all  the  forms  of  emboUsm.  Such  emboli  represent,  moreover, 
almost  the  onlj'^  type,  aside  from  tissue  cells,  that  is  known  to  pass  readily 
through  the  pulmonary  capillaries  and  to  find  lodgement  in  the  smaller 
branches  of  the  general  arterial  s,ystem. 

First  recognized  in  man  by  Zenker  (4),  the  condition  gained  greatly  in 
importance  and  interest  by  the  recognition  soon  afterward,  by  von  Reck- 
linghausen and  his  pupil  Busch  (5),  of  the  important  relation  of  such  em- 
boli to  bone  injuries.  Since  that  time  a  surprisingly  large  literature  has 
arisen,  covering  the  pathological,  the  clinical  and  the  experimental  aspects 
of  the  .subject. 

While  injuries  to  bone — fractures,  crushing,  orthopedic  operations — and 
the  dislodgement  of  fat  from  the  bone  marrow  are  much  the  most  frequent 
and  important  source  of  such  emboli,  they  have  often  been  found  in  various 
other  conditions  in  which  there  has  been  injury  to  or  infection  of  fatty 
tissue.  Thus,  fat  emboli  have  been  found  after  severe  contu-sions  with 
injury  to  the  subcutaneous  fat,  after  eclamptic  and  other  convulsive 
seizures,  with  inflammation  of  fatty  tissue,  in  acute  osteomyelitis,  after 
extensive  burns  and  after  violent  concussion  even  when  no  fracture  has 
occurred. 

The  transfer  of  such  fat  particles  occurs  chiefly  through  the  venous 
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circulation,  but  fat  is  mobilized  also,  though  much  more  slowly,  by  way 
of  the  lymphatics  and  the  thoracic  duct.  While  the  lungs  bear  the  brunt 
of  the  embolic  attack,  a  certain  amount  of  the  circulating  fat  seems  always 
to  pass  through  the  pulmonary  capillaries  and  to  find  its  way  into  the 
general  circulation.  In  many  instances  this  amount  is  too  small  to  pro- 
duce i-ecognizable  symptoms;  but  not  infrequentlj'  the  clinical  picture  is 
determined  rather  by  the  arterial  emboli  than  by  those  in  the  lungs.  The 
amount  of  fat  passing  through  the  lung  capillaries  varies  greatly  and  is 
determined  by  a  number  of  factors,  such  as  the  amount  of  fat  mobilized, 
the  fluidity  of  the  fat,  the  width  of  the  lung  capillaries,  the  driving  force 
of  the  right  ventricle,  etc.  Fat  which  passes  through  the  pulmonary 
capillaries  is  distributed  widely  through  the  arterial  system,  but  has  been 
found  most  frequently  and  most  abundantly  in  the  arterioles  and  capillai-ies 
of  the  brain  and  the  meninges  and  in  those  of  the  heart,  the  kidneys  and  the 
spleen. 

Clinical  features.  It  is  customary  to  divide  cases  of  fat  embolism  into 
two  main  types,  the  pulmonary  and  cerebral.  Of  these  the  latter  is  the 
more  interesting  and  presents  the  more  striking  and  characteristic  symp- 
toms. Cases  of  the  pulmonary  type  usually  manifest  their  symptoms  very 
early  (often  within  a  few  hours),  are  generally  of  short  duration  and  fre- 
quently cannot  be  diagnosed  during  life.  They  have  been  subdivided  into 
an  "apoplectiform"  type — fulminating  cases  with  cyanosis,  dyspnea,  and 
circulatory  collapse — and  more  slowly  developing  cases,  with  symptoms 
suggesting  a  diffuse  pneumonia  or  with  pulmonary  edema,  bloody  sputum 
and  heart  weakness  as  the  prominent  symptoms. 

Cases  of  the  cerebral  type  present  three  more  or  less  distinct  stages; 
1)  an  interval,  from  a  few  hours  to  a  day,  following  the  fractm-e  or  bone 
injury,  free  from  cerebral  symptoms,  during  which  there  may  or  may  not 
be  pulmonary  or  cardiac  .symptoms;  2)  a  stage  of  somnolence  or  apathy, 
and  3)  a  comato.se  stage,  in  which  in  addition  to  stupor  or  coma  there 
may  be  delirium,  rigidity,  convulsions,  clonic  movements,  Cheyne-Stokes 
breathing,  changes  in  the  reflexes,  and  rarely,  paralyses.  Signs  of  in- 
creased intracranial  pressure  such  as  slow  pulse,  choked  discs,  etc.  are 
lacking. 

Such  cerebral  cases  may,  of  course,  be  associated  with  pronounced  pul- 
monary symptoms,  but  often  these  latter  are  so  slight  that  the  clinical 
picture  is  dominated  hy  the  symptoms  referable  to  the  central  nervous 
system. 

Xot  all  such  cerebral  cases  progress  to  a  fatal  issue  even  when  the  symp- 
toms are  very  severe.  The  literature  contains  a  good  many  instances  of 
recovery  in  ca.ses  in  which  the  cerebral  disturbances  have  been  profound. 

The  behavior  of  the  temperature  has  been  the  subject  of  discussion  and 
disagreement.  Scriba  (6)  believed  that  a  subnormal  temperature  was 
characteristic  of  fat  embolism.    On  the  other  hand,  a  number  of  observers 
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have  found  that  a  good  many  of  the  cases  are  accompanied  by  high  fever. 
Riickart  (7),  the  last  to  study  this  aspect  of  the  subject,  harmonizes  these 
divergent  views  by  pointing  out  that  in  the  cerebral  cases  high  fever  is 
the  usual  finding,  whereas  in  the  pulmonarj-  cases  the  temperature  is 
usually  normal  or  subnormal. 

One  symptom  of  diagnostic  importance  which  has  been  reported  in  a 
number  of  the  published  cases  is  that  of  the  appearance  of  small  petechial 
hemorrhages  scattered  over  the  skin  of  the  chest,  back  and  arms. 

Heart  symptoms.  Whether  the  case  be  of  the  pulmonary-  or  the  cerebral 
type,  heart  symptoms  often  play  an  important  part  in  the  clinical  picture. 
These  symptoms,  however,  are  of  such  a  general  character  that  it  is 
usually  impossible  to  saj'  whether  they  are  caused  by  the  direct  involvement 
of  the  heart  itself  in  the  embolic  process  or  whether  they  are  due  mereh' 
to  the  grave  involvement  of  the  other  organs.  The  heart  action  is  often 
rapid  and  feeble;  dyspnea  and  cyanosis  are  common  features;  sometimes 
there  may  be  precordial  oppression  or  distress  or  indefinite  epigastric  or 
chest  pain,  but  of  attacks  of  characteristic  anginal  pain  I  have  been  able 
to  find  not  a  single  example  in  all  the  large  casuistical  literature.  The 
reasons  for  this  absence  of  symptoms  characteristic  of  coronary  occlusion 
will  become  clear,  I  think,  when  the  morbid  anatomy  is  considered. 

Pathological  features.  The  entrance  into  the  venous  circulation  of  fat 
droplets  or  even  of  small  fragments  of  fattj^  tissue  is  easy  to  understand  in 
the  case  of  bone  injuries,  in  which  the  torn  walls  of  the  venous  channels 
are  held  wideh'  open.  It  is  much  more  difficult  to  comprehend  the  exact 
mechanism  of  such  emboli  from  tissues  other  than  that  of  bone.  In 
any  event,  it  is  evident  that  the  fat  reaches  the  lungs  in  the  form  of  droplets 
which  are  distributed  very  wideh'  through  the  small  branches  of  the  pul- 
monary arterj'  and  the  pulmonary-  capillaries.  In  many  such  arterioles 
and  capillaries  the  fat  takes  the  form  of  elongated  cylindrical  masses,  as 
though  these  had  been  built  up  h\  a  more  or  less  continuous  supph-  of 
fresh  droplets.  Around  these  emboli  are  found  such  secondary  changes 
as  minute  hemorrhages,  edema  and  emphysema.  Hemorrhagic  infarc- 
tions of  macroscopic  size  are  not  found. 

If  the  patient  survives  the  first  few  days  of  the  embolic  attack  the  fat 
gradual!}^  disappears  from  the  lung  capillaries,  so  that  after  a  few  weeks 
no  trace  of  fat  remains  and  the  lung  tissue  has  regained  its  normal  ap- 
pearance. The  complicated  mechanism  involved  in  the  disappearance 
of  the  fat  includes  saponification,  from  contact  with  the  alkaline  blood 
serum,  emulsification,  and  action  bj'  the  tissue  cells. 

From  the  fact  that  only  ver}^  small  fat  droplets  can  find  their  way  through 
the  pulmonar}'  capillaries  it  is  ob^'ious  that  the  lesions  in  the  other  \-iscera 
should  be  of  minute  size.  In  the  brain  the  characteristic  lesions  are  small 
hemorrhagic  areas  scattered  A\-idely  throughout  the  white  and  grey  matter 
and  the  pia-arachnoid  and  representing  minute  emboli.    The  kidneys 
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usually  show  no  noticeable  gross  changes,  but  microscopically  the  ap- 
pearance is  characteristic  and  striking.  There  is  widespread  filling  of  the 
vessels  of  the  glomerular  tufts  with  fat  and  often  the  larger  vasae  efferen- 
tiae  are  plugged  with.  fat.  The  remaining  capillaries  of  the  kidney  contain 
very  little  fat  and  the  cellular  structure  is  not  damaged.  Fat  is  sometimes, 
but  not  always,  found  in  the  urine. 

In  a  good  many  of  the  early  recorded  cases  a  careful  examination  of  the 
heart  was  not  made,  but  it  is  evident  from  many  reports  that  when  any 
considerable  amount  of  fat  reaches  the  general  circulation  the  heart  is 
regularly  the  seat  of  scattered  embolic  lesions,  which  maj^  at  times  be  very 
abundant.  Beneath  the  endocardium  of  the  ventricles,  sometimes  be- 
neath the  epicardium,  and  scattered  through  the  muscle  of  the  ventricles, 
are  to  be  seen  small,  yellowish  areas,  many  of  which  show  a  tiny,  central 
red  spot.  These  yellowish  spots  are  seen,  microscopically,  to  be  composed 
of  muscle  fibers  undergoing  degeneration  and  lying  in  close  relation  to  a 
small  vessel  plugged  with  fat.  Such  areas  of  fatty  degeneration  may  de- 
velop wath  surprising  rapidity.  In  a  case  reported  by  Colley  (8),  death 
occurred  from  fat  embolism  14  hours  after  the  forcible  manipulation  of  an 
ankylosed  knee  joint  (brisement  force).  At  the  autopsy  the  character- 
istic small  yellowish  spots  were  seen  scattered  through  the  heart  muscle 
and  the  microscopic  examination  showed  that  in  these  areas  fatty  degenera- 
tion of  the  muscle  fibers  was  well  advanced. 

I  have  been  unable  to  find  a  single  authentic  instance  of  cardiac  in- 
farction of  macroscopic  size  in  the  whole  literature  upon  fat  embolism. 
One  case,  cited  by  Colley  (8),  from  the  records  of  the  Pathological  Insti- 
tute of  Marburg,  deserves  to  be  quoted  in  this  connection  although  its 
significance  is  doubtful. 

CASE  REPORT 

A  boy  of  fourteen  years  was  admitted  to  the  Surgical  Clinic  three  days  after  having 
sustained  a  compound  fracture  of  the  right  leg.  Little  or  nothing  was  known  about 
his  symptoms  during  this  three-day  period.  Suppuration  ensued  and  a  number  of 
bone  fragments  were  discharged,  but  the  wound  finally  healed  satisfactorily  and  the 
boy  seemed  fully  convalescent.  He  had  no  fever  and  had  shown  no  signs  of  cardiac 
or  pulse  disturbance.  Eight  weeks  after  the  accident  he  died  very  suddenly.  .\t  the 
autopsy  the  heart  was  found  to  be  of  about  normal  size,  with  some  dilatation  of  the 
left  ventricle.  The  muscle  was  of  reddish  brown  color.  Section  through  the  inter- 
ventricular septum  revealed  in  the  lower  part  a  "thalergrosse"  pale  reddish,  mottled 
area  of  softened,  edematous  muscle,  with  areas  of  less  pronounced  change  in  other 
portions  of  the  ventricular  muscle.  The  presumption  that  an  embolus  of  some  sort 
would  be  found  in  a  coronary  artery  was  not  reaUzed.  Careful  search  of  all  the 
coronary  branches  failed  to  show  any  sort  of  obstruction,  nor  were  fat  emboli  found 
in  any  of  the  other  organs.  Microscopically,  the  softened  area  of  muscle  showed 
advanced  degeneration  and  much  early  granulation  tissue.  The  lesions  were  thought 
to  be  several  weeks  old.  In  the  absence  of  any  other  satisfactory  explanation, 
ilarchand,  who  performed  the  autops}',  was  inclined  to  feci  that  the  lesions  might 
have  been  caused  by  fat  emboli  which  subsequently  disappeared. 
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SUMMARY 

It  is  evident  that  in  many  if  not  most  cases  of  fat  embolism  sufficiently 
severe  to  be  of  clinical  significance  the  heart  is  involved  in  the  embolic 
process  and  may  play  a  part  in  the  fatal  issue  when  this  occurs.  It  is 
doubtful,  however,  if  such  heart  involvement  ever  gives  rise  to  symptoms 
which  are  sufficiently  charactei"istic  to  make  the  clinical  diagnosis  possible. 
The  large  literature  on  the  subject  contains  no  instances  of  fat  embolism 
which  have  presented  the  classical  picture  of  acute  coronary  occlusion, 
nor  have  postmortem  studies  ever  disclosed  an  authentic  example  of  myo- 
cardial infarction  as  the  result  of  such  embolism. 

It  is  conceivable  of  course  that  some  fragment  of  fatty  tissue  larger 
than  the  fat  droplets  might  reach  the  left  side  of  the  heart  through  a  patent 
foramen  ovale  (paradoxical  embolus)  and  so  result  in  coronary  embolism, 
but  no  such  happening  is  recorded  and  such  a  possibility  is  too  remote  to 
deserve  clinical  consideration. 

The  answer,  then,  to  the  question  posed  in  the  beginning  is  that  there  is 
no  support  for  the  view  that  fat  embolism  may  at  times  present  the  chnical 
picture  of  coronary  occlusion. 
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QUANTITATIVE  FORMULATION  OF  MAXIMUM  UHINARV 
SPECIFIC  GRAVITY 


A.  C.  CORCORAN,  M.D.  and  IRVIXK  H.  PAC;E,  M.D. 

[Lilly  Laboratory  for  Clinical  Research,  Indianapolis  City  Hospital, 
Indianapolis,  Indiana] 

Inability  to  concontrato  urin(>  has  Ikhmi  known  to  point  to  tho  pros(>nce 
of  renal  disease  since  the  time  of  Bright.  Measurement  of  urinary  specific 
gravity  is  therefore  a  clinical  test  (MiriclKxl  and  hallo\v(>d  l)v  more  than  a 
century's  usage.  However,  if  the  significance  of  hyposthenuria  has  been 
empirically  recognized,  the  mechanism  by  w'hich  it  is  established  has  been 
variously  and,  often,  erroneously  (>xplained.  The  almost  meaningless 
routine  determination  of  luinary  specific  gravity  in  specimens  casually 
collected  is  being  replaced  by  techniques  of  measuring  concentrating  power 
vuidei-  rigid  control  of  hydration.  But  even  with  such  safeguards,  deter- 
mination of  concentrating  power  is  only  a  semi-cjuantitative  index  of 
renal  efficiency  and,  therefore,  to  some  d(>gi(>(>  unconvincing  and  uninform- 
ing.  The  purpose  of  the  present  i):ip(M-  is  to  suggest  a  ((uantitative  formu- 
lation of  concentrating  power  with  respect  to  th(>  kind  and  tl(>gi-ee  of  renal 
damage  in  patients  suffering  from  hypertension. 

The  formation  of  urine  from  glomerular  filtrate  is  dependent  ui)on  reab- 
sorption  of  nearly  all  the  water  and  much  of  the  tlissolved  solids  of  glomer- 
ular filtrate.  The  factors  which  enter  into  the  formation  and  concentra- 
tion of  urine  have  been  reviewed  by  Smith  (1937).  Of  particular  interest 
with  regard  to  the  mechanism  of  hyposthenuria  is  the  evidence  obtained 
by  Shannon  (1938)  and  Chasis  and  Smith  (1938)  of  the  existence  of  two 
stages  in  the  formation  of  urine  by  reabsorption  of  water.  The  first  phase 
is  "obligatory"  and  constant  in  the  normal  kidney  and  results  in  the  re- 
absorption  of  some  80  per  cent  of  th(>  water  of  glomerular  filtrate  in  the 
liroximal  convoluted  tubules  and  loop  of  Henle.  The  second  "facultative" 
I)hase  is  variable  and  subject  to  the  alterations  of  physiological  demands  on 
the  functional  capacity  of  the  proximal  convoluted  tubules.  Hyposthe- 
nuria, since  it  is  due  to  failure  of  reabsoi  ption  in  response  to  demand,  is  an 
expression  of  decreased  eflficiencj'  in  facultative  reabsorption.  A  further 
advance  towards  renal  inefficiency  results  in  the  familiar  fixation  of  urinary 
specific  gravity  of  isosthenuria. 

This  brief  consideration  of  the  mechanism  of  hyposthenuria  leads  to  the 
view  that  it  is  an  expression  of  renal  tubular  inefficiency.  The  decrease 
in  efficiency  may  be  extra-renal  in  origin,  as  in  the  failure  of  reabsorption 
characteristic  of  diabetes  insipidus  which  is  due  to  lack  of  stimulation  of 
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tubular  cells  by  posterior  hypophyseal  hormone.  The  impairment  of 
function  is  more  commonly  of  renal  origin,  and  in  this  case  may  be  either 
absolute,  i.e.,  due  to  loss  of  tubular  tissue,  or  relative  and  due  to  an  excess 
of  filtration  rate  over  normal  tubular  capacity.  The  intermingling  of 
renal  and  extra-renal,  absolute  and  relative  failure  in  hyposthenuria  is 
evident  from  the  observation  of  loss  of  tubular  secretory  capacity  in 
diabetes  insipidus  in  hypophysectomized  dogs  (^Miite  and  Heinbecker, 
1940).  A  similar  blending  of  factors  is  evident  in  the  diuresis  which 
follows  injections  of  renin  (Pickering  and  Prinzmetal,  1940).  Renin  causes 
a  relative  increase  of  filtration  rate  and  renal  ischemia,  both  the  results 
of  efferent  arteriolar  constriction  (Corcoran  and  Page,  1939).  Ischemia 
acts  by  causing  an  absolute  reduction  of  tubular  capacity,  while  efferent 
constriction  establishes  a  relative  impairment  of  reabsorption  by  increasing 
the  proportionate  volume  of  filtrate.  This  phenomenon  is  of  .significance 
in  the  consideration  of  hypertension  because  of  the  similaritj^  of  renal 
hemodynamic  changes  of  hypertension  to  those  which  are  elicited  by  the 
infusion  of  renin  or  angiotonin  (Corcoran  and  Page,  1941).  Hj-posthenuria 
in  hj-perteasion  may,  therefore,  a  priori  be  assumed  to  depend  upon  abso- 
lute and  relative  failure  of  reabsorption,  the  results  respectivelj-  of  renal 
ischemia  and  of  overloading  the  deficient  tubules  by  a  disproportionately 
large  rate  of  glomerular  filtration. 

METHODS 

1.  Urea  clearance  and  concentrating  power.  Determinations  of  urea 
clearance  (Moller,  ^Mcintosh  and  Van  Slyke,  1928)  and  maximum  urinarj- 
non-protein  specific  gravity  (Addis  and  Shevk}',  1922)  were  made  in  72 
patients  suffering  from  essential  h\T3ertension  whose  urea  clearances  were 
greater  than  50  per  cent  of  normal.  The  measurement  of  specific  gravity 
was  by  the  method  described  by  Alving  and  Van  Slyke  (1934). 

2.  Concentrating  power,  filtration  rate  and  functioning  tubular  mass.  De- 
terminations of  inulin  clearance  (glomerular  filtration  rate)  and  maximum 
tubular  capacitj-  for  secretion  of  diodrast  (functioning  tubular  secretorj- 
mass,  Tmo)  (Smith,  Goldring  and  Chasis,  1938)  were  made  in  31  patients 
suffering  from  essential  and  malignant  hj-pertension.  Both  values  were 
corrected  to  1.73  square  meters  of  body  surface  area.  Concentrating  power 
was  determined  within  a  few  daj's  of  the  measurement  of  tubular  mass  and 
filtration  rate. 

3.  Concentrating  power,  urea  clearance  and  functioning  tubular  mass. 
Urea  clearance  was  measured  a  short  time  before  or  after  the  measurements 
mentioned  in  section  2. 

RESULTS 

1.  Urea  clearance  and  concentrating  power.  Inspection  of  Chart  I  estal> 
lishes  that,  in  hj-pertension,  urea  clearance  tends  to  remain  mthin  normal 
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limits  while  concentrating  power  is  iisualh-  impaired.  Urea  clearance  was 
within  normal  limits  in  50  of  the  patients  studied  (69  per  cent)  while  con- 
centrating power  was  normal  in  only  22  patients  (30  per  cent).  Two  pa- 
tients whose  urea  clearances  were  abnormally  low  had  retained  the  ability 
to  form  urine  of  high  specific  gravity. 

2.  Concentrating  power,  filtration  rate  and  functioning  tubular  mass.  The 
capacity  to  excrete  diodrast  by  secretion  is  a  measure  of  the  amount  of 
fimctioning  tubular  secretory  tissue.  This  value  (Tm^  in  milligrams  per 
1.73  square  meters  body  surface  per  minute)  was  plotted  graphically  with 
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Chart  I.  Relative  maintenance  of  urea  clearance  and  earlier  depression  of  maxi- 
mum urinary  specific  gravitj'  in  72  patients  suffering  from  essential  hypertension. 
Both  ordinate  (percentage  of  normal  urea  clearance)  and  abcissa  (maximum  urinary 
specific  gravity)  are  charted  logarithmically.  The  vertical  and  horizontal  lines 
indicate  the  respective  limits  of  normal  variation  of  concentrating  power  and  urea 
clearance. 


reference  to  concentrating  power  (Chart  II).  It  is  evident  from  the  chart 
that  tubular  mass  and  concentrating  power  are  proportionately  impaired 
functions  in  patients  suffering  from  hypertension. 

It  would  also  be  expected  that  the  relative  volume  of  glomerular  filtrate 
presented  each  unit  of  tubular  mass  would  be  a  second  variable  in  the  fimc- 
tion  of  concentration.  Thus,  a  grossly  inadequate  tubule  with  a  normal 
or  somewhat  depressed  volume  of  filtrate,  or  an  adequate  tubule  with  an 
excessive  volume  of  filtrate  would  be  expected  to  form  dilute  urine.  Scat- 
ter diagrams  were,  therefore,  constructed  correlating  maximum  urinary 
specific  gravity  directly  with  tubular  mass  (Tmo)  and  inversely  with,  the 
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ratio  of  filtration  rate  to  tubular  mass  (IC/Tmo)  where  IC  =  inulin 
clearance  in  cubic  centimeters  per  1.73  square  meters  per  minute.  If 
Sp.Gr.  be  taken  as  urinary  specific  gravity,  the  formulation  would  be: 


1)  Sp.Gr.  proportional  to 


Tmp 
IC/TmD 


=  Tmo/IC    or  to 


Tmp 
VTC 


where  Sp.Gr.  is  the  value  of  the  significant  numerals  of  the  measurement  of 
specific  gravity  (3rd,  4th,  and  oth  decimal  places). 

The  scatter  of  data  from  the  calculation  Sp.Gr.  =  Tmp/ VIC  is  shown 
in  Chart  III,  from  which  it  is  evident  that  the  correlation  of  concentrating 
power  with  tubular  ma.ss  is  improved  b}'  insertion  of  the  factor  of  relative 
volume  of  filtrate. 


3o  mg. 


Chart  II.  The  relation  of  concentrating  power  to  functional  tubular  mass. 
Abcissa:  maximum  capacity  for  renal  secretion  of  diodrast  (tubular  mass,  Tmo)  in 
mg.  per  1.73  square  meters  body  surface  per  minute.  Ordinate:  ma.ximum  urinary 
specific  gravity.  Both  measurements  made  within  a  short  time  of  each  other  in 
31  patients  with  hj'pertension. 

Calculation  from  the  data  by  the  method  of  least  squares^  establishes 
the  empirical  equation: 

2)  Sp.Gr.  =  3.4  -  5.4  Tnip/VTC 

The  straight  line  drawn  through  the  data  of  Chart  III  is  calculated  from 
this  equation.  It  is  evident  from  this  formulation  that  concentrating 
power,  at  least  empiricalh',  depends  directly  upon  the  amount  of  tubular 
tissue  and  varies  in^•ersely  with  the  volume  of  filtrate  poured  into  the  units 
of  tubular  tissue. 

3.  Concentrating  power,  urea  clearance  and  tubular  ynass.  The  measure- 
ment of  urea  clearance  has,  because  of  its  simplicity  and  significance, 
become  a  common  test  of  renal  function  in  clinical  practice  and  is  frequently 
combined  with  the  measurement  of  concentrating  power  as  a  routine  in 

^  The  authors  are  indebted  to  Mr.  Brown  Robbins,  Lilly  Research  Laboratory, 
Indianapolis,  for  this  calculation. 
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the  estimation  of  renal  damage.  Urea  elearanre  as  usually  determined 
(in  the  absence  of  extreme  diuresis,  oliguria  or  severe  renal  disease)  is 
equivalent  to  about  0.6  of  inulin  clearance,  or,  expressed  as  per  cent  of 
normal  to  0.8  of  inulin  clearance.  On  the  assumption  that  this  relationship 
of  urea  clearance  to  filtration  rate  will  hold  in  most  cases,  the  term  UC/0.8 


Chart  III.  Graphic  expression  of  a  formulation  of  ma.ximum  concentrating  power 
in  relation  to  tubular  mass  (Tmo)  and  square  root  of  inulin  clearance  {\/lC). 
-Vbcissa:  TmD  '-\/IC  calculated  from  Tmo  in  mg.  and  IC"  in  cc.  both  corrected  to 
1.73  square  meters  body  surface  per  minute.  Ordinate:  maximum  urinary  specific 
gravity.  The  line  drawn  through  the  ilata  is  calculated  from  equation  2.  The 
vertical  line  is  calculated  from  mean  normal  values  of  Tmo  and  IC  in  adult  males. 

may  be  substituted  for  IC  in  equation  2,  where  UC  is  urea  clearance  in 
per  cent  of  normal.    The  eciuation  thus  becomes: 

„        Sp.Gr.  -  3.4  /UC 

^   5:4          y  0.8 

or 

4)  Tm  =  '^P:^-^  VUC 

4.0 

Using  ecjuation  4  and  the  urea  clearances  observed  in  the  patients  studied 
in  section  2,  Tmo  was  predicted.  The  correlation  of  the  predicted  values 
with  those  actually  found  is  shown  in  Chart  1\,  from  which  it  may  be  seen 
that  the  measui-ement  of  concentrating  power  and  urea  clearance  provides 
the  means  of  calculating  tubular  ma.ss  with  an  error  not  usually  exceeding 
20  per  cent.  Further,  if  53  mg.  diodrast-iodine  per  1.73  square  meters 
per  minute  be  accepted  as  equi\  alent  to  normal  tubular  secretory  mass 
(Goldring,  Ranges,  Chasis,  and  Smith,  1941)  the  equation  may  be  cor- 
rected for  the  expression  of  predicted  tubular  mass  in  terms  of  percentage 
of  mean  normal  expressed  as  T.    The  equation  thus  expressed  is: 

5)  T  =  ^P-^^^;^-  Vuc 
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Accepting  the  standard  deviation  of  Tm^  as  9.1  mg.  diodrast-iodine,  the 
usual  Hmits  of  normal  variation  of  T  (1  times  S.  D.)  become  =b  17  per  cent. 

It  should  be  noted  that  the  mean  normal  value  of  Tm^  taken  as  the 
basis  of  this  calculation  is  that  of  normal  adult  males,  and  that  the  mean 
Tmo  of  normal  adult  females  is  about  12  per  cent  lower. 
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Chart  IV.  Deviation  of  predicted  from  observed  Tmo  at  various  levels  of  abnor- 
mal depression  of  tubular  seeretorj'  mass  expressed  as  percentage  of  normal  (T). 
Abcissa:  Percentile  ratio  of  observed  Tmo  to  Tmo  predicted  from  the  urea  clearance 
and  maximum  urinary  specific  gravity,  equation  4.  Ordinate:  Observed  TmD  as 
percentage  of  mean  normal  value. 

DISCUSSION 

1.  Urea  clearance  and  concentrating  power  in  hypertension.  The  failure 
of  urea  clearance  to  decrease  to  abnormally  low  values  in  hypertensives 
whose  loss  of  concentrating  power  is  evidence  of  renal  disease  emphasizes, 
from  a  clinical  point  of  view,  the  value  of  concentration  tests  in  this  con- 
dition. The  origin  of  this  disparity  in  the  tests  lies  in  the  renal  hemody- 
namic changes  characteristic  of  hypertension,  viz.,  efferent  arteriolar  con- 
striction, increased  intraglomerular  pressure  and  increa'^ed  extraction  of 
water  and  urea  from  a  frequently  diminished  volume  of  plasma  (Smith, 
1939).  The  clearance  of  urea  may,  therefore,  be  entirely  normal  in  the 
presence  of  a  30  to  40  per  cent  reduction  of  renal  blood  flow.  Measure- 
ments of  tubular  mass  and  filtration  rate  in  hypertensives  usually  show 
some  reduction  of  tubular  mass  and,  since  filtration  rate  is  maintained 
abnormalh^  by  efferent  constriction,  there  is  frequently  an  abnormally 
large  volume  of  filtrate  poured  into  each  unit  of  tubular  mass.  Both  terms 
of  equation  1  are,  therefore,  fulfilled  in  the  direction  of  a  reduction  of 
specific  gravity  in  the  concentration  test. 

2.  Concentrating  power,  filtration  rate  and  functioning  tubular  mass. 
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\'arious  concepts  of  the  mechanism  of  hyposthenuria  have  been  reviewed 
by  Fishberg  (1939)  who  concludes  that  the  following  factors  are  impor- 
tant: (a)  reduction  in  number  of  functioning  nephrons,  (b)  damage  to 
tubular  epithelia,  (c)  decrease  in  renal  blood  flow  with  increase  in  the  rela- 
tive number  of  functioning  glomeruli.  Although  the  significance  of  the 
last  factor  is  questionable  in  view  of  the  apparent  absence  of  glomerular 
intermittence  in  mammals  (Smith,  1937,  White,  1939),  if  the  concept  is 
rephrased  to  express  variations  in  relative  volume  of  glomerular  filtrate, 
it  is  apparent  that  this  formulation  is,  in  a  general  way,  identical  with 
that  expressed  in  equation  2. 

A  concentrating  power  of  less  than  1.010  is  only  very  rarely  observed 
in  practice  and,  in  accordance  \\ith  this  observation,  it  will  be  noted  that 
the  line  drawn  through  the  data  of  Chart  III  does  not  extrapolate  to  values 
less  than  1.010.  In  this  connection  it  .should  be  noted  that  a  hypothetical 
concentrating  power  of  1.007  would,  from  equation  2  imply  values  of  Tmj) 
and  IC  respectively  of  about  2  mg.  and  5  cc,  i.e.,  values  which  in  our 
experience  are  inconsistent  with  life.  It  should  also  be  noted  that  the 
mean  normal  values  of  Tm^  and  IC  (Goldring,  Chasis,  Ranges,  and  Smith, 
1940)  yield  from  equation  (2)  a  concentrating  power  of  1.028,  a  value 
within  the  accepted  range  of  normal  and  only  slightly  less  than  that  usually 
observed  (1.030  to  1.032). 

A  recent  experimental  study  of  the  mechanism  of  hj^posthenuria  in  dogs 
(Hayman,  Shumway,  Dumke  and  Miller,  1939)  cites,  as  causes  of  hypos- 
thenuria, partial  nephrectom}^,  tubular  poisoning  (uranium),  tubular  degen- 
eration resulting  from  back  pressure,  or  back  pressure  with  ischemia  and 
demonstrates  its  temporary  occurrence  after  interference  with  the  renal 
nerves,  during  administration  of  low  protein  diets  and,  possibh^,  in  preg- 
nancy. It  will  be  noted  that  loss  of  tubular  tissue  occurs  in  nephrectomy, 
poisoning  or  back  pressure,  a  fact  which  accords  with  the  data  in  Chart  II. 
In  addition,  it  is  shown  that  dogs  subjected  to  subtotal  nephrectomy  and 
thus  made  hyposthenuric  may,  vmder  certain  conditions,  such  as  increased 
concentration  of  blood  colloid  (injection  of  acacia),  low  blood  pressure  or 
injections  of  sodium  sulfate  after  water  deprivation,  excrete  concentrated 
urine.  These  observations  are  advanced  as  evidence  against  a  direct 
relation  of  tubular  tissue  mass  to  concentrating  power.  However,  it  would 
be  expected  that  increased  plasma  colloid  content  would  increase  con- 
centrating power  in  hyposthenuria,  since  it  reduces  the  osmotic  gradient 
against  which  the  deficient  tubular  mass  must  work  and  thus  alters  the 
normal  relationship  of  tubular  mass  and  concentrating  power.  Similarly, 
reduction  of  blood  pressure  and,  presumabh',  of  the  rate  of  glomerular 
filtration,  reduces  the  load  on  the  deficient  tubules  and  thus  alters  the  rela- 
tionship in  accordance  with  the  terms  of  equation  1.  The  injection  of 
sodium  sulphate  during  water  deprivation  provides,  as  glycosuria,  a  special 
case  in  which  there  may  be  abnormal  interference  -with  the  "obligatory" 
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leabsorption  of  the  proximal  tubules.  Thus,  a  hypertensive  patient  suffer- 
ing also  from  renal  glycosuria  studied  by  us  had  Tmu  43  mg.  (corrected 
for  surface  area)  and  inulin  clearance  117  cc.  per  minute.  Her  apparent 
concentrating  power  was  1.040  and  the  non-glucose  urinary  specific  gravity 
1.020.  Neither  value  of  specific  gravity  accords  with  the  terms  of  equa- 
tion 2  which  would  yield  1.025.  It  may,  therefore,  be  concluded  that  the 
normal  relationships  of  concentrating  power,  filtration  rate  and  Tnio  do 
not  obtain  in  this  condition,  nor,  in  all  probability  in  such  states  as  may 
be  induced  by  injection  of  sucrose,  sulphates  etc.,  during  water  deprivation. 
The  temporary  hyposthenuria  which  may  follow  renal  denervation  would 
provide  a  special  case  of  unusual  interest  were  it  not  for  the  possibility 
that  it  may  express  the  transient  tubular  damage  due  to  operative  trauma. 
The  hyposthenuria  of  low  protein  diets  had  been  variously  attributed  to 
decreased  renal  blood  flow  and  deci^eased  filtration  rate.  Decreased  filtra- 
tion rate  should,  however,  increase  concentrating  power.  The  specific 
gravity  of  urine  is  in  large  measure  determined  by  its  content  of  u»-ea, 
phosphates,  sulphates  and  sodium  chloride.  The  intake  of  these  substances 
is  decreased  during  the  administration  of  low  protein  diets  and  their  excre- 
tion correspondingly  diminished.  There  is,  therefore,  a  decreased  stimu- 
lation of  the  activity  of  renal  tubular  cells. 

It  is  apparent  that  other  factors  than  tubular  mass  and  relative  filtration 
rate  operate  in  the  maintenance  of  concentrating  power.  Howe\  er,  neither 
highly  protein-deficient  diets,  increa.sed  concentration  of  blood  colloids 
nor  glycosuria  or  exogenous  sulphaturia  frequently  complicate  the  measure- 
ment of  concentrating  power  in  clinical  practice,  so  that  the  relationship 
expressed  in  equation  1  msij  be  considered  as  valid  in  most  circumstances. 

3.  Concentrating  power,  urea  clearance  and  functioning  tubular  mass.  The 
relationship  of  concentrating  power,  urea  clearance  and  tubular  mass  pre- 
dicted from  equations  4  and  5  to  observed  tubular  mass  is  such  that  the 
use  of  equation  5  as  an  index  of  the  integrity  of  renal  tissue  seems  suffi- 
ciently accurate  for  many  clinical  purposes.  The  chief  criticism  of  the 
measurement  of  concentrating  power  in  clinical  practice  is  that  it  offers 
a  qualitative  rather  than  quantitative  measure  and  thus  that  "for  measur- 
ing the  extent  of  renal  damage  .  .  .  (it)  is  not  suited"  (Alving  and  ^'an 
Slyke,  1934).  The  combined  measurement  of  concentrating  pov.er  and 
urea  clearance-  and  calculation  of  percentage  normal  tubular  mass  from 
equation  5  seems  to  remove  this  objection  to  the  use  of  concentration 
tests.  It  is,  of  course,  clear  that  such  a  prediction  can  only  be  made  with 
due  reference  to  the  conditions  of  measurements  of  both  concentration 
power  and  urea  clearance.    The  use  of  equation  5  is,  therefore,  proposed 

*  By  combined  measurement  is  not  meant  that  the  tests  are  done  within  the  same 
day.  The  usual  practice  is  to  measure  urea  clearance  on  one  day  and  start  the  con- 
centration test  on  the  next. 
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as  a  means  of  assessing  renal  structural  integrity  in  hypertension  until 
such  time  as  the  measurement  of  tubular  mass  by  more  direct  means 
becomes  generally  feasible. 

4.  Application  of  this  formulation  to  other  types  of  renal  disease.  Acute 
Bright 's  tlisease  is  mimicked  in  many  respects  in  the  course  of  experimental 
nephrotoxic  nephritis  in  dogs,  notably  in  relative  decrease  of  glomerular 
filtration  due  to  inflammatory  changes  in  the  glomeruli  shown  to  occur  in 
the  experimental  disease  (Fonts,  Corcoran  and  Page,  1941).  A  similar 
functional  disturbance  characterizes  pre-eclamptic  and  eclamptic  toxemia 
of  pregnancy  in  human  beings  (Corcoran  and  Page,  1941).  As  would  be 
expected,  patients  suffering  from  acute  Bright 's  disease  and  toxemia  of 
pregnancy  usually  excrete  small  volumes  of  highly  concentrated  urine, 
and  the  relation  of  renal  hemodynamic  and  tissue  changes  to  concentrating 
power  are  those  which  would  be  predicted  from  equation  1.  Similarly, 
in  chronic  Bright 's  disease  reduction  of  concentrating  power  roughly 
parallels  that  reduction  of  urea  clearance  (Alving  and  Van  Slyke,  1934), 
since  in  this  condition  whole  nephrons  are  destroyed  together,  and  the 
degree  of  disturbance  of  glomeruli  and  tubules  is  more  nearly  equal  than 
is  the  case  in  hypertension.  It  is,  therefore,  not  improbable  that  concen- 
trating power  varies  directly  with  tubular  mass  and  inversely  \nth  the 
square  root  of  the  rate  of  glomerular  filtration  in  other  renal  diseases  than 
hypertension.  An  examination  of  this  po.ssibility  must  form  the  subject 
of  a  subsequent  report,  since  the  data  at  present  at  hand  are  inadequate. 

SUMMARY 

1.  Estimation  of  urinary  concentrating  power  is  much  more  sensitive 
than  the  determination  of  urea  clearance  in  the  demonstration  of  renal 
damage  in  hypertension.  This  characteristic  of  the  renal  function  in 
hypertension  is  the  necessary  coasequence  of  the  renal  hemodynamic 
changes  which  occur  in  this  disease. 

2.  The  maximum  ability  of  the  kidney  in  hypertension  to  concentrate 
urine  is  shown  to  be  proportional  to  the  functional  tubular  secretory  mass 
(Tmj))  and  inversely  proportional  to  the  square  root  of  the  rate  of  glom- 
erular filtration.    This  relationship  may  be  expressed  in  the  equation 

Sp.Gr.  =  3.4  -  5.4  Tmo  VlC 

where  Sp.Gr.  indicates  the  third  and  fourth  decimal  places  in  the  mea.sure- 
ment  of  maximum  urinary  specific  gravity,  Tm^  the  maximum  capacity 
for  excretion  of  diodrast  in  milligrams  per  minute  and  IC  inulin  clearance 
in  cubic  centimeters  per  minute.  Both  inulin  clearance  and  Tm^  are 
expressed  in  units  per  1.73  square  meters  of  surface  area. 

3.  From  this  equation  and  from  the  normal  values  of  Tm^  and  IC  and 
the  usual  relationship  of  the  clearances  of  inulin  and  urea  an  equation  is 
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derived  by  which  an  approximate  calculation  of  functional  tubular  mass 
may  be  made  from  the  equation 

^^^o  ro        ■y/VC  =  T  per  cent 

Z.Oo 

where  UC  is  urea  clearance  in  per  cent  of  normal  and  T  the  approximate 
percentage  of  normally  functioning  tubular  tissue.  There  is  thus  estab- 
lished a  clinicallj'  useful  quantitative  application  of  the  measurement  of 
maximum  urinary  non-protein  specific  gravity. 

4.  General  considerations  suggest  that  this  formulation  will  apph-  in 
other  conditions  than  hypertension. 
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THE  DIAGNOSIS  OF  ANEURYSM  OF  THE  HEART 


J.  HAIMILTOX  CRAWFORD,  M.D. 

[From  the  Department  of  Medicine,  Long  Island  College  of  Medicine  and  the  Kings 
County  and  Long  Island  College  Hospitals] 

The  first  description  of  aneurysm  of  the  heart  has  been  attributed  to 
Galaeti  (1)  in  1757.  However,  the  first  detailed  account  of  the  condition 
was  by  Bailhc  (2)  in  1793.  Since  that  time  various  papers  have  appeared 
deahng  with  the  condition.  It  is  unnecessary  to  review  the  complete 
literature  as  excellent  reviews  have  appeared  from  time  to  time,  such  as 
those  of  Hall  (3),  Sternberg  (4),  and  Parkinson,  Bedford  and  Thomson 
(5).  The  majority  of  the  reports  have  dealt  with  post-mortem  descriptions 
and  it  is  only  recently  that  the  ante-mortem  diagnosis  has  been  made  with 
greater  freciuency.  In  1926  Pletnew  (6),  in  a  summary  of  three  hundred 
cases  previous!}'  described,  stated  that  a  correct  diagnosis  had  been  made 
ante-mortem  only  six  times.  Since  x-ray  has  come  to  play  a  greater  part 
in  cardiology,  the  diagnosis  has  been  correctly  ascertained  much  more 
often.  Nevertheless,  it  is  still  in  many  instances  a  difficult  diagnosis  to 
make  with  assurance.  It,  therefore,  seems  worthwhile  to  critically  analyze 
the  criteria  on  which  the  diagnosis  may  be  based  and  to  describe  those 
signs  which  proved  most  valuable  in  a  series  of  thirteen  patients,  nine 
being  followed  to  autopsy,  who  have  been  in  Kings  County  and  Long 
Island  College  Hospitals. 

In  the  pathological  descriptions  of  earlier  years  the  incidence  of  the 
condition  was  very  low  as  compared  to  more  recent  studies  of  autopsy 
material  which  have  been  made.  Parkinson,  Bedford  and  Thomson  (5), 
combining  their  own  statistics  with  those  of  other  authors,  reporting  its 
occurrence  following  coronary  occlusion,  state  that  the  incidence  is  9  per 
cent.  Even  if  one  were  to  assume  that  there  has  been  an  increase  in 
coronarj-  occlusion  which  is  not  proven,  as  before  the  classical  description 
hy  Herrick  (7),  the  condition  was  usually  unrecognized,  it  would  seem  that 
there  must  be  some  reason  for  the  discrepancy.  The  most  probable  ex- 
planation is  that  the  earlier  authors  considered  as  aneurj'sm  only  those 
cases  in  which  there  was  a  verj'  definite  bulging  of  the  ventricle  beyond 
the  general  contour  of  the  heart,  whereas  recently  less  distinct  lesions  have 
been  included.  In  some  reports  small  indentations  of  the  wall  in  the 
region  of  an  old  infarct,  even  when  it  does  not  affect  the  epicardial  surface, 
have  been  considered  as  aneurysms.  This  seems  hardly  warranted;  other- 
wise, one  could  decide  that  in  most  instances  where  an  area  of  myomalacia 
takes  place  an  aneurysm  exists.    Gubner  and  Crawford  (8),  by  roent- 
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genkjTOography,  showed  that  in  a  large  percentage  of  cases  of  coronary 
occlusion,  systolic  expansion  of  the  infarcted  area  took  place.  Similar 
results  were  obtained  on  fluoroscopy  b}'  Master  and  his  co-workers  (9). 
It  seems  doubtful  if  a  small  lesion  such  as  this  warrants  the  description 
"cardiac  aneurysm"  and  it  would  seem  better  to  confine  the  term  to  such 
as  show  a  permanent,  localized  bulging  or  during  systole,  a  well-marked 
localized  expansion  bej'ond  the  contour  of  the  rest  of  the  heart .  One  sees 
instances  of  the  latter  in  which,  on  fluoroscopy,  there  is  a  localized  balloon- 
ing of  the  wall  in  s3'stole  which  during  diastole  collapses  so  that  the  heart 
wall  appears  flattened.  It  might  be  possible  to  see  a  bulge  in  the  latter  if 
the  picture  happened  to  be  taken  at  just  the  height  of  systolic  contraction. 


Fig.  1  Fig.  2 

Fig.  1.  Aneurysmal  bulge  at  upper  part  of  the  left  border  of  the  heart.  The  aneu- 
rysm was  confirmed  b}'  x-ray  and  autopsy  examination. 

Fig.  2.  Angulation  of  left  border  of  the  heart.  The  aneurj-sm  was  proven  by 
x-ray  and  autopsy  examination  to  be  in  the  lower  part  of  the  anterior  wall  of  the 
left  ventricle  and  the  apex,  the  flattened  area. 

This  was  the  type  of  case  reported  by  Christian  and  Frik  (10)  in  which, 
although  the  diagnosis  was  correcth'  made  by  x-ray  examination,  the 
aneurysm  was  incorrectly  located  as  the  normal  part  of  the  heart  wa.'^ 
considered  to  be  the  aneurysm.  Figure  1  illustrates  a  permanent,  localized 
bulging  and  figure  2,  the  second  condition  described. 

Aneurysm  of  the  ^-entricular  septum  is  a  condition  which  is  only  diag- 
nosed post  mortem.  It  is  possible  that  such  an  aneurysm  might  produce 
the  Bernheim  syndrome  or  if  very  extensive,  enlargement  of  the  heart  to 
the  right  on  x-ray  examination  may  be  seen.  However,  there  are  so  many 
conditions  which  cause  the  latter  frequently,  that  the  correct  diagnosis  is 
unlikely  to  be  made.  Our  main  concern,  therefore,  is  with  the  findings 
which  enable  one  to  diagnose  aneurysm  of  the  walls  of  the  ventricles. 
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History:  The  vast  majority  of  aneurysms  of  the  \'entriculai-  wall  arc  the 
aftermath  of  coronary  occlusion  and  occlusion  of  the  anterior  descending 
branch  of  the  left  coronary  artery  seems  to  be  followed  by  aneurysm  more 
often  than  occlusion  of  other  vessels  in  the  heart.  A  history  of  a  preceding 
coronary  occlusion  is  thus  of  great  value  in  supporting  the  diagnosis  of 
aneurysm  when  such  is  suspected.  Fulton  (11)  states  that  recurrent  pain, 
lasting  for  hours  or  daj's,  after  coronary  occlusion,  suggests  the  possibility 
of  an  aneurysm.  This  was  not  seen  in  our  series.  Some  complained  of 
typical  angina  pectoris  but  others  had  no  pain  following  the  occlusion. 
A  feature  in  some  of  these  cases  was  the  early  onset  of  heart  failure  follow- 
ing recovery  from  the  occlusion.  This  seems  logical  as  in  order  to  develop 
the  type  of  lesion  which  we  included  a  fairly  large  area  of  myocardium  had 
to  be  involved,  thus  considerably  reducing  the  functional  capacity  of  the 
heart.  This  was,  however,  not  constant  and  it  was  surprising  how  much 
some  of  these  individuals  were  able  to  accomplish  with  such  serious  cardiac 
pathology.  Trauma  to  the  heart  is  a  rare  cause  of  aneurysm  as  is  its  ap- 
pearance as  a  result  of  congenital  defects.  Sj'philitic,  rheumatic  and 
mycotic  aneurysms  have  been  described  but  are  very  rare. 

Physical  signs:  The  most  important  physical  finding  is  the  appearance  of 
abnormal  pulsation  in  the  precordium.  The  apex  pulsation  may  be  dis- 
placed outward,  more  diffuse  than  normal  and  both  forceful  and  heaving. 
This  is,  however,  often  seen  in  large  hearts  without  aneurysm  and  would 
only  supply  some  confirmation  if  an  aneurysm  were  being  considered  as 
a  result  of  other  evidence.  In  many  cases  the  diagnosis  can  be  made  with 
almost  certainty  through  the  appearance  of  a  pulsation  in  the  precordium 
which  is  separate  and  distinct  from  the  apex  beat.  This  is  particularly  true 
when  the  abnormal  pulsation  is  situated  above  the  fifth  rib.  Libman  and 
Sacks  (12),  Libman  (13)  and  Dressier  and  Pfeift'er  (14)  have  stressed  the 
value  of  this  sign.  It  was  the  most  pathognomonic  physical  finding  in 
our  series.  Sometimes  the  abnormal  pulsation  appeared  before  and  lasted 
longer  than  the  apical  thrust.  A  sign  which  has  been  stressed  by  many 
authors  is  a  muffling  of  the  heart  sounds  and  a  disproportion  between  the 
intensity  of  the  sounds  and  the  forcefulness  of  the  pulsation.  This  was 
not  conspicuous  in  our  cases.  Some  had  heart  sounds  of  normal  intensity 
while  in  others  thej'  were  faint.  Many,  but  not  all,  of  tho.se  who  showed  a 
weakness  of  the  heart  sounds  were  in  heart  failure  at  the  time;  hence,  such 
might  be  expected  without  aneurysm.  Gallop  rhythm  was  not  noticed 
in  any  of  our  cases.  It  would  likewise  be  evidence  of  myocardial  failure 
and  not  particularly  characteristic  of  aneurysm.  iNIurmurs  do  not  appear 
to  be  of  any  particular  help  in  the  diagnosis  although  a  systolic  murmur  is 
frequently  present.  Percussion  is  only  of  value  in  a  very  large  aneurysm 
and  is  much  inferior  to  x-ray  study.  Lutembacker  (15)  stressed  the 
value  of  pain  over  the  apex  but  this  was  not  present  in  our  patients  and  is 
of  douI)tful  value. 
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Electrocardiography:  This  is  useful  only  when  it  confirms  the  presence  of 
a  previous  coronary  occlusion.  There  is  no  pattern  characteristic  of 
aneurysm  of  the  heart. 

X-ray  examination:  The  introduction  of  radiological  examination  in 
cardiac  diagnosis  marked  the  advent  of  greater  accuracy  in  determining 
aneurysm  of  the  heart.  It  is,  however,  still  difficult  and  many  times  one 
cannot  be  positive.  The  first  case  diagnosed  by  x-raj^  examination  was 
described  in  1922  by  Sezary  and  Alibert  (16).  Fluoroscopy  in  all  positions 
should  be  done  as  this  yields  the  most  important  information.  Not  only 
can  one  study  the  cardiac  contour  but  the  pulsations  as  well.  Films  should 
be  taken,  not  only  in  the  postero-anterior  position,  but  in  oblique  views  also, 
the  best  position  being  determined  by  fluoroscopy.  Certain  aneurysms 
of  the  anterior  wall  and  aneurysms  of  the  posterior  wall  can  be  seen  only 
in  the  oblique  positions.  Roentgenkymography  yields  information  as  to 
the  contractions  and  may  accurately  diagnose  the  .site  of  the  aneurj'sm 
when  one  is  in  doubt  as  to  which  part  of  the  contour  represents  the  normal 
muscle  and  which  the  aneurysm.  It  confirms  the  impression  of  the  pulsa- 
tions gathered  on  fluoroscopy.  Studies  after  diodrast  injection  may  clearly 
demonstrate  the  aneurysm  if  it  is  not  filled  with  thrombus. 

Parkinson,  Bedford  and  Thomson  (5)  state  that  the  x-ray  diagno.sis 
dei^ends  on  the  following  findings:  1)  Enlargement  of  the  left  ventricle 
with  deformity  of  its  contour.  2)  A  localized  protuberance  inseparable 
from  the  heart  shadow  on  rotation  of  the  patient.  3)  Abnormal  or  absent 
pulsation  of  the  aneurysmal  zone.  4)  Evidence  of  adhesions  between  the 
heart  and  the  chest  wall  or  diaphragm.  5)  Calcification  of  the  wall  of  the 
sac  or  of  its  contained  clot. 

In  aneurysm  of  the  left  ventricle  these  authors  lay  great  stress  on  an 
abrupt  ledging  on  the  anterior  contour  of  the  heart  as  seen  in  the  right 
oblique  position. 

Aneurysms  of  the  posterior  wall,  best  seen  in  the  left  oblique  position, 
frequently  cause  displacement  of  the  esophagus. 

Undoubtedly  changes  in  the  contour  of  the  heart  are  of  the  greatest  im- 
portance in  drawing  attention  to  the  diagnosis.  Unfortunately,  however, 
the  most  common  site  of  aneurysm,  the  apex,  is  the  position  in  which  it  is 
least  readily  recognized.  This  region  of  the  heart  mingles  with  the  dia- 
phragmatic shadow  and  this  tends  to  obscure  any  bulging.  A  diffuse 
eccentric  apex  rounding  or  a  broadened  and  blunted  apex  have  been  de- 
scribed as  characteristic.  It  is  very  difficult  often  to  differentiate  this, 
however,  from  the  type  of  heart  seen  in  hypertension  and  aortic  insuf- 
ficiency. As  Zdansky  (17)  points  out,  aneurysms  must  reach  a  consider- 
able size  to  show  clearly  circumscribed  outbulging  a\  the  apex.  The 
visualization  of  the  changes  at  the  apex  may  be  greatly  aided  by  study 
during  very  deep  inspiration  or  by  inflating  the  stomach  with  gas.  Aneu- 
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rysnis  hi«2;hor  in  the  anterior  wall  and  in  the  posterior  wall,  which  are 
usually  basal,  can  be  more  readily  visualized.  In  our  series  the  lesion  was 
recognized  by  the  abnormal  contour  of  the  heart  in  about  65  per  cent  of 
the  cases. 

Abnormal  pulsations  are  frequently  of  the  greatest  value  in  the  recogni- 
tion of  the  condition.  This  can  be  seen  on  fluoroscopy  and  studied  in 
detail  by  roentgonkymography.  Thej^  may  vary  from  systolic  expansion 
to  absent  pulsation.  Sometimes,  as  in  one  of  our  cases,  a  most  striking 
ballooning  of  the  aneurysm  takes  place  during  systolic  contraction. 
Schwodcl  and  Gross  (18)  state  that  the  pulsations  in  their  cases  were  either 
synchronous,  asynchronous,  systolic  or  contrapulsile.  In  none  of  the 
cases  which  we  studied  were  the  pulsations  of  normal  character.  The 
reason  why  every  case  does  not  present  expansile  pulsation  is  that  this 
may  be  prevented  by  thrombus  in  the  interior,  by  calcification  of  the  wall 
or  by  marked  thickening  of  pericardial  adhesions. 

Evidence  of  localized  pericardial  adhesions  is  an  important  sign.  In 
none  of  our  cases  was  this  seen  during  life  but  the  pericardium  was  found 
to  be  adherent  to  the  aneurysm  in  almost  all  on  which  a  post-mortem 
examination  was  performed.  Gross  and  Schwedel  (19)  have  stressed 
the  value  of  this  finding  and  also  mention  increased  density  of  the  heart 
shadow^  in  the  region  of  the  bulge  as  important. 

Calcification  of  the  wall  of  the  sac  or  of  its  contained  clot  when  present 
are  ob^■ioush'  valuable.  It  was  not  seen  in  our  cases.  Care  must  be 
taken  to  differentiate  this  from  calcification  of  the  pericardium.  To  be 
certain  the  calcification  should  not  be  confined  to  the  surface  and  it  must 
be  localized.  Calcification  of  the  pericardium  is  on  the  surface  and  is 
usually  more  widespread. 

DIFFERENTIAL  DIAGNOSIS 

Tumor  of  the  heart  is  probably  the  most  difficult  to  differentiate  from 
aneurysm  of  the  heart  as  it  may  cause  a  definite  localized  hump  on  the 
cardiac  contour.  In  this  condition  the  history  of  a  previous  coronar}-  oc- 
clusion is  usually  absent  and  there  may  be  evidence  of  carcinoma  elsewhere, 
the  tumor  being  metastatic.  The  pulsation  in  solid  tumors  is  synchronous 
with  the  heart  beat,  while  in  aneurysm  there  is  u.sually  .systolic  expansion 
to  absent  pulsation.  In  soft  tumors,  such  as  very  vascular  sarcomata  or 
hemangiomata,  a  reversal  of  pulsation  may  take  place.  Fulton  (11)  de- 
scribes a  case,  which  responded  well  to  antiluetic  therapy,  in  which  there 
was  systolic  expansion.  Most  frequently  in  tumor  the  heart  in  general  is 
not  enlarged,  whereas  in  aneurysm  it  is  almost  invariably  so. 

Aneurysm  of  a  Sinus  of  \'alsalva  may  project  to  the  left  and  upward  and 
thus  cause  difficulty.  A  positive  Wa.ssermann  reaction  or  aortic  insuffi- 
ciency would  suggest  this  as  a  likely  diagnosis. 
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Aneurysm  of  a  coronarj'  artery  is  rare  and  seldom  large.  If  it  reaches  a 
sufficient  size  to  be  easily  seen,  it  may  readily  be  mistaken  for  an  aneurysm 
of  the  heart  itself. 

Aneurysm  of  the  descending  aorta  maj'  be  seen  projecting  to  the  left  of 
the  cardiac  contour  but  careful  radiological  study  will  easily  establish  the 
correct  diagnosis. 

Diverticulum  of  the  pericardium,  loculated  pericardial  effusion  or  cyst 
of  the  pericardium  may  resemble  aneurysm.  Cushing  (20)  found  on  a 
review  of  the  literature  that  the  first  in  most  instances  was  seen  on  the  right 
side  where  aneurysms  are  not  common  and  also  believes  that  a  change  in 
shape  of  the  shadow  on  respiration  is  an  important  diagnostic  feature. 
The  history  of  a  previous  pericarditis  may  help  in  differentiating  efi"usion 
and  the  type  of  pulsation  seen  in  aneurysm  may  be  an  aid.  Differences  in 
density  of  the  x-ray  shadow  between  the  heart  and  the  pericardial  disease 
may  at  times  help  to  settle  the  matter. 

An  enlarged  pulmonary  conus  secondary  to  mitral  stenosis,  congenital 
heart  disease,  cor  pulmonale  or  Ayerza's  disease  .-should  give  little  difficulty 
as  in  these  the  x-ray  rarely  simulates  aneur\-sm  and  the  clinical  features  of 
these  diseases  are  characteristic. 

Tumors  of  the  mediastinum  or  lung  can  be  separated  by  careful  radiologi- 
cal study  and  the  clinical  features  of  pressure  in  the  mediastinum  or  evi- 
dence of  pulmonary  disease. 

The  para-apical  pad  of  fat  is  easily  differentiated  from  an  apical  aneurysm 
by  x-ray  examination. 

COXCLUSIOXS 

1.  The  signs  which  are  most  frequently  present  and  appear  to  be  most 
important  in  the  diagnosis  of  aneurysm  of  the  heart  are:  (a)  A  history  or 
electrocardiographic  proof  of  previous  coronary  occlusion,  (b)  The  pres- 
ence of  an  abnormal  precordial  pulsation  distinctly  separated  from  the 
apex  pulsation  particularly  when  it  is  situated  above  the  fifth  rib.  (c) 
On  x-ray  examination  a  localized  bulge  which  cannot  be  separated  from  the 
heart  .shadow  in  any  view  in  which  it  can  be  seen  or  an  angulation  of  the  left 
border  of  the  heart .  (d)  Sj'stolic  expansion  in  the  region  of  the  abnormality 
as  seen  on  fluoroscopy  or  roentgenkymography  is  practically  conclu.sive 
evidence  and  small  or  absent  contractions  in  this  area  are  strongly  sug- 
gestive, (e)  Localized  pericardial  adhesions  or  calcification  of  the  aneu- 
rysmal wall  or  its  contents  are  also  of  value  when  present. 

2.  The  following  conditions  simulate  aneurysm  of  the  heart  most  closely 
and  must  be  carefully  differentiated  from  it:  (a)  Tumor  of  the  heart,  (b) 
Aneurysm  of  a  Sinus  of  ^'alsalva.  (c)  Aneurysm  of  a  coronary  arterj-. 
(d)  Calcification  of  the  pericardium,  (e)  Diverticulum  of  the  pericardium, 
(f)  Loculated  pericardial  effusion,    (g)  Cyst  of  the  pericardium. 
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PERSISTENT  AURICULAR  PREMATURE  SYSTOLES  OBSERVED 
FOR  TWENTY-FOUR  YEARS 


Case  Report 

ARTHUR  C.  DeGRAFF,  M.D.,  and  ROBERT  C.  BATTERMAX,  M.D. 

[From  the  Department  of  Therapeutics,  New  York  University  College  of  Medicine,  and 
the  New  York  University  Cardiac  Clinic] 

Premature  systoles,  with  special  regard  to  etiology  and  prognosis  have 
been  the  subject  of  many  reports  (1).  Although  in  the  past  they  were 
considered  as  indicating  unquestionable  heart  disease,  it  is  now  the  con- 
sensus that  their  occurrence  is  frequent  in  individuals  with  normal  hearts. 
Upon  analysis  as  much  as  fiftj^  per  cent  of  patients  with  extrasj^stoles  may 
be  found  to  be  free  of  demonstrable  organic  heart  disease.  Furthermore, 
the  occurrence  of  extrasj^stoles  in  patients  wdth  organic  cardiac  disease 
does  not  necessarily  indicate  a  grave  prognosis.  Nor  is  the  type  and  fre- 
quency of  premature  beats  any  help  in  reaching  any  significant  prognostic 
conclusions.  These  facts  are  of  particular  importance  since  one  is  often 
confronted  with  a  patient  presenting  numerous  extrasystoles  and  symptoms 
associated  with  their  occurrence  in  whom  a  diagnosis  must  be  estabUshed. 
The  following  case  is,  therefore,  of  particular  interest  since  an  unusual 
occurrence  and  persistence  of  auricular  premature  systoles  over  a  period  of 
twenty-four  years  has  resulted  in  erroneous  diagnoses  and  undue  anxiety 
by  numerous  physicians  examining  the  patient. 

CASE  REPORT 

History.  The  patient,  a  53  year  old  unmarried  Jewess,  native  of  Austria  first 
came  under  observation  for  "heart  disease"  in  March  1917.  At  that  time,  at  the 
age  of  29,  in  the  process  of  a  physical  examination  as  a  possible  tuberculosis  contact 
(a  mother  and  sister  having  succumbed  to  this  disease),  it  was  noted  that  her  heart 
was  beating  with  total  irregularity.  The  onset  of  this  condition  was  vague  but  had 
apparently  existed  for  at  least  nine  years  before  the  initial  examination.  The 
marked  irregularity  was  proven  by  the  electrocardiogram  to  be  multiple  auricular 
premature  systoles  superimposed  upon  a  normal  sinus  rhythm.  Clinicallj-  the 
extrasystoles  were  associated  with  complaints  of  constant  palpitation  and  precordial 
pain.  The  latter  varied  from  an  occasional  sharp  twinge  beneath  the  left  breast  to 
a  steady  dull-like  pain  that  persisted  for  several  hours.  Consciousness  of  the  heart 
beating  was  always  present.  The  precordial  pain  never  radiated  and  was  not  asso- 
ciated with  the  usual  symptoms  of  the  anginal  syndrome  such  as  nausea,  eructations 
or  paroxysmal  dyspnea.  Exertional  dyspnea,  however,  and  cough  with  and  without 
expectoration  were  persistent  complaints. 

The  past  history  revealed  diphtheria  at  the  age  of  3  and  13;  migratorj'  joint  and 
muscle  pains  at  14  years  of  age;  scarlet  fever  at  the  age  of  15;  frequent  bouts  of 
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tonsillitis  and  colds  every  winter  with  tonsillectomy  performed  at  the  age  of  19; 
and  an  attack  of  polyarthritis  involving  all  large  joints  with  symptoms  persisting 
for  one  week  at  the  age  of  26.  Menses  began  at  16  and  were  regular  up  to  the  age  of 
46.  The  flow  was  always  profuse  and  on  three  occasions  necessitated  hospitalization 
for  severe  hemorrhage.  Total  climacteric  occurred  at  the  age  of  52.  Symptoms 
usually  associated  with  the  menopausal  syndrome  were  absent.  Alcoholic  beverages 
and  tobacco  were  not  indulged  in,  but  the  patient  consumed  regularly  six  to  seven 
cups  of  coffee  and  at  least  two  cups  of  tea  daily.  Efforts  to  curtail  the  habit  were 
futile. 

Examinations.  From  March  1917  to  January  1938  the  patient  was  observed  at 
intervals  of  three  weeks  to  two  months  in  the  Cardiac  Clinic  of  the  Third  Medical 
Division  (Xcw  York  University),  Bcllevue  Hospital,  and  suhsequentlj-  to  date  in 
the  New  York  Universitj'  College  Cardiac  Clinic.    Heart  examinations  repeatedly 
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Fig.  1.  P21ectrocardiogram  of  patient  at  time  premature  systoles  were  first  noted 
Auricular  premature  beats  occurring  every  third  beat  produce  a  trigeminal  rhythm 


revealed  a  marked  irregularity  which,  on  auscultation  simulated  auricular  fibrillation. 
However,  the  electrocardiogram  (figs.  1,  2,  3)  demonstrated  numerous  auricular 
premature  systoles,  occurring  singly,  in  runs  of  two  or  three,  occasionally  in  short 
runs  of  paro.x.vsmal  tachycardia  and  often  in  rims  of  coupling  and  tripling.  The 
ventricular  rate  ranged  between  60  and  200  beats  per  minute  with  a  pulse  deficit  of 
5  to  50  beats.  In  a  five  minute  interval  extrasystoles  would  occur  from  5  to  150  times. 
The  heart  sounds  were  good  with  accentuation  of  the  second  sound  over  the  pulmonic 
area  as  compared  to  the  aortic  area.  At  times  a  soft  blowing  systolic  murmur  was 
audible  at  the  apex.  A  diastolic  murmur  was  never  present  although  during  many 
observations  the  addition  sounds  attributed  to  the  premature  systole  would  often 
simulate  a  diastolic  murmur.  The  heart  was  not  enlarged.  Repeated  fluoroscopic 
examinations  and  teleoroentgenograms  (fig.  4)  from  1917  to  1941  revealed  a  normal 
size  and  shape.  The  maximum  transverse  diameter  averaged  12.2  cm.:  the  total 
length  13.3  cm.;  aorta  5.2  cm.  and  the  width  of  the  pulmonary  fields  23.2  cm.  Blood 
pressures  ranged,  for  the  systolic  level,  between  92  and  140  mm.  Hg,  and  for  the 
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diastolic  level,  between  50  and  82  mm.  Hg.  With  the  exception  of  very  slight  edema 
of  the  ankles  attributed  to  moderate  varicosities  of  the  lower  extremities,  the  rest 
of  the  physical  examination  during  the  24  years  of  observation  was  essentially 
negative. 


Fig.  2.  Representative  electrocardiograms  (Lead  II)  over  a  period  of  24  years 
illustrating  type  and  frequency  of  auricular  premature  systoles.  A,  October  1930; 
B,  November  1931:  C,  June  1935;  D,  May  1939. 


Fig.  3.  Electrocardiogram  (July  8,  1941)  illustrating  essentially  no  change  from 
original  tracing  (fig.  1). 

Laboratory  data.  Laboratory  data  consisted  of  repeatedly  negative  Wassermann 
reactions  with  cholesterol  and  alcoholic  antigens,  negative  urine  examinations  and 
normal  blood  counts.  The  red  blood  count  was  in  the  range  of  4.0  milhon  cells, 
with  a  hemoglobin  of  about  13  grams.  Blood  sugar  was  recorded  as  70  mg.  per  cent. 
The  basal  metabolic  rate  (1937)  was  minus  5.3  per  cent. 
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Course.  Throughout  the  24  year  period  of  observation  complaints  referable  to 
the  heart  were  many,  and  consisted,  in  the  main  of  palpitation,  precordial  pain  and 
shortness  of  breath  on  effort.  Nevertheless,  signs  of  congestive  heart  failure  were 
never  discernible.  At  several  clinic  visits  the  patient  complained  of  migratory 
joint  pains,  but  objectively  there  was  no  evidence  of  arthritis  or  limitation  of  joint 
motion.  Appendectomy  was  performed  at  the  age  of  33,  and  an  attack  of  cholelithi- 
asis was  noted  during  .Vugust  1938. 

Efforts  to  abolish  the  arrhythmia  were  futile.  Exercise  did  not  diminish  or  in- 
crease the  number  of  extrasystoles.    Digitalis,  often  in  toxic  doses,  was  administered 


Fig.  4.  Teleroentgenogram  showing  configuration  of  heart  silhouette  after  24 
years  of  observation. 

over  a  period  of  12  years  without  any  therapeutic  benefit.  Several  courses  of  quini- 
dine  therapy  were  of  no  avail.    The  mainstay  of  treatment  was  that  of  sedation. 


Although  the  occurrence  of  premature  sy.stole.s  i.s  regarded  as  a  common 
cardiac  arrhythmia,  it  was  surpri.sing  to  note  that  the  literature  is  scant  in 
reports  referable  to  long  duration  of  this  condition.  Mackenzie  (2)  in  his 
discussion  on  extras\'stoles  mentions  .several  patients  who  presented  pre- 
mature beats  of  all  varieties  for  over  25  years  and  one  patient  who  ap- 
parently had  the  arrhythmia  for  over  50  years.  CJra.'^smann  (3)  noted  a 
woman  w\th  premature  beats  of  over  07  years'  duration  without  demon- 
strable heart  disease.  A  duration  of  30  years  was  noted  by  Koppang  (4), 
while  Smith  (Ih)  mentions  a  phj-sician  who  noted  the  premature  beats  for 
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25  years  with  repeated  occurrences  upon  smoking.  Walsh  (5)  also  reported 
on  a  physician  who  presented  multiple  ventricular  premature  beats  over  a 
period  of  40  years.  Campbell's  (6)  case  of  auricular  premature  sj'stoles 
was  obsen'ed  for  12  years,  while  Boas  and  Levy  (Ik)  observed  a  patient 
with  knowledge  of  extrasystoles  for  7  years.  All  the  above  cases,  as  well 
as  our  owTi  have  one  thing  in  common,  i.e.,  the  absence  of  demon-strable 
heart  disease.  Many  more  such  ca.ses  must  exist,  but  unless  the  patient  is 
himself  conscious  of  the  occurrence  of  premature  beats,  or  their  presence 
is  noted  only  during  a  routine  physical  examination  and  the  patient  sub- 
sequently observed  for  possible  serious  heart  disease,  the  condition  is 
usualh^  considered  of  no  importance.  It  is  noteworthy  that  in  the  above 
cases,  the  arrhythmia  was  noted  in  two  instances  b}'  physicians  themselves. 
In  some  of  the  reported  cases  it  is  difficult  to  determine  the  types  of  pre- 
mature beat.  Whether  the  premature  beats  occurred  throughout  the 
years  mentioned  or  whether  they  were  noted  to  occur  at  the  time  of  the  last 
examination  and  the  duration  of  the  arrhythmia  obtained  from  the  pa- 
tient's history  was  also  obscure.  Our  case  is,  therefore,  unique  in  that  we 
have  had  the  opportunity  to  have,  the  patient  under  constant  observation 
for  24  3^ears. 

We  were  unable  to  determine  the  etiological  factor  responsible  for  the 
arrhythmia.  From  the  histor}'  it  is  quite  impossible  to  indict  any  one 
precipitating  cause.  Diphtheria,  scarlet  fever,  rheumatic  fever  and  ex- 
cessive use  of  coffee  and  tea  ma}'  have  all  contributed.  The  bout  of  rheu- 
matic fever  was  particularly  disturbing  since  it  led  to  the  patient's  frequent 
observation  for  active  rheumatic  heart  disease.  An  important  reason  for 
this  was  the  previoush'  held  teaching  that  auricular  premature  systoles 
are  unusual  in  normal  individuals,  that  they  are  usually  associated  with 
actual  rheumatic  carditis  and  that  their  persistence  foreshadows  the  de- 
velopment of  auricular  fibrillation.  The  concern  of  physicians  examining 
this  patient  has  been  reflected  in  the  patient  developing  a  superimposed 
anxiety  neurosis.  This  case  emphasizes  the  necessity  for  care  in  diagnosing 
organic  heart  disease  on  the  basis  of  pi'emature  beats  themselves.  The 
responsibility  for  doing  so  rests  entirely  upon  the  physician.  In  the  words 
of  ^Mackenzie  (2),  "It  may  therefore  be  stated  that  when  the  extra-.S3'stole 
is  the  only  abnormal  sign,  the  prognosis  is  a  favourable  one,  and  where  it 
is  associated  \vith  other  signs  the  prognosis  is  to  be  based  upon  these  other 
signs." 
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The  study  of  heredity  in  man  is  a  difficult  and  intricate  task,  once  one 
goes  beyond  the  inheritance  of  simple  unit  characters.  This  is  particular!}' 
true  of  the  investigation  of  the  inheritance  of  disease  which,  in  most  in- 
stances, is  a  composite  of  many  factors  or  causes,  some  intrinsic  and  some 
obviously  environmental.  In  general,  neither  adequate  data  nor  adequate 
techniques  have  been  available  to  the  student  of  heredity  to  permit  him  to 
unravel  the  diverse  elements  which  enter  the  picture.  Nevertheless, 
the  literature  in  this  field  is  extensive.  In  this  paper,  we  shall  attempt 
only  the  briefest  review  of  the  general  literature,  summarizing  particularly 
the  results  of  life  insurance  studies  which  are  generally  little  knovra  to  the 
rank  and  file  of  physicians.  Most  of  these  investigations  on  the  longevity 
of  persons  either  or  both  of  whose  parents  died  of  cardiovascular  or  renal 
disease,  are  limited  to  insured  men  whose  parents  died  at  relatively  young 
ages,  usually  under  60.  We  shall  also  include  the  preliminaiy  results  of  a 
recent  study  made  in  our  office  along  similar  lines. 

General  literature.  Excellent  .summaries  are  available  in  the  medical 
literature  on  the  inheritance  tof  cardiovascular  and  renal  diseases  and  of 
specific  related  factors  .';uch'  as  arteriosclerosis  and  hypertension.  Of 
especial  value  are  tho.se  by  Williams,  (1)  Campbell,  (2)  Osman  (3)  and 
Musser  and  Barton  (4).  The  complexities  and  difficulties  in  such  studies 
in  man  are  admirably  stated  by  Williams  and  Campbell.  This  literature, 
however,  centers  very  largely  on  striking  instances  of  the  spread  of  these 
diseases  in  families,  usually  two  generations  only.  WTiile  such  instances 
are  suggestive,  they  do  not  necessarily  prove  the  operation  of  heredity; 
for,  such  cases  could  occur  merel}'  as  a  matter  of  chance.  The  best  ap- 
proach for  .such  investigations  is  to  collect  selected  family  records  of  patients 
with  cardiovascular  disease  and  to  compare  the  incidence  of  these  con- 
ditions among  relatives  with  that  in  properh^  selected  controls.  Worth- 
while studies  of  this  type  are  unfortunately  few. 

The  first  extensive  series  in  this  country  is  that  reported  by  O'Hare  (5) 
and  his  as.sociates.    In  68  per  cent  of  300  patients  with  hypertension, 
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treated  privatel}'  or  at  the  Peter  lieiit  Brigham  Hospital,  they  found  that 
one  or  more  members  of  the  patient's  family  suffered  from  some  cardio- 
vascular or  related  disease — heart  disease,  apoplexy,  Bright's  disease, 
arteriosclerosis  or  diabetes  mellitus.  Among  128  hospital  jxitients  of 
comparable  ages,  admitted  for  non-vascular  diseases,  the  corresponding 
proportion  was  only  37.5  per  cent. 

Barach  (6)  reported  the  incidence  of  vascular  disease  in  the  families  of 
a  sizable  group  of  patients,  but  without  any  data  on  a  control  group.  His 
study  is  important  because  of  the  differences  he  obtained  between  in- 
tensi\  ely  studied  cases  and  those  in  which  the  history  was  obtained  in 
routine  fashion.  ^\mong  the  former,  nearly  95  per  cent  of  the  family 
histories  were  positive  as  compared  \nth  approximately  50  per  cent  in  the 
other  and  larger  group. 

Xuzum  and  Elliot  (7)  collected  and  analyzed  the  family  histories  of  500 
patients  with  hypertension,  age  45  and  over,  90  of  whom  showed  renal 
damage,  and  of  a  control  group  of  250  non-hypertensive  hospital  patients. 
In  the  hypertensi\T  group,  posit i\'e  family  histories  of  vascular  disease 
were  only  slightl}'  more  frequent  than  in  the  control  group,  the  percentages 
of  .such  histories  being  30.8  and  29.(3  per  cent  respectively.  It  is  hard  to 
understand  why  the.se  results  are  so  different  from  those  of  other  investi- 
gators. An  important  factor  may  be  the  care  used  in  history  taking,  as 
indicated  by  Barach's  finding.  It  is  notable,  however,  that  in  Xuzum 
and  Elliot's  series,  tho.se  with  two  or  more  members  of  the  familj^  affected 
constituted  12.2  per  cent  of  the  hypertensive  group,  but  only  7.2  per  cent 
of  the  control  group. 

Pearl  (8)  studied  the  incidence  of  cardiovascular-renal  disea.ses  among 
the  immediate  relatives  (parents  and  siblings)  of  285  patients  with  some 
form  of  these  di.seases  and  of  362  patients  without  any  such  di.sease.  He 
found  that  the  known  frequency  of  such  diseases  among  the  relatives  of  the 
first  group  was  about  one  and  one-half  times  that  among  relatives  of  the 
.second  group.  The  facts  in  the  two  groups  were  tabulated  .separately  for 
living  and  dead  fathers,  mothers  and  siblings,  and  except  as  regards  fathers 
decea.sed  at  the  time  of  observation,  the  proportion  of  relatives  with  cardio- 
vascular-renal disea.ses  was  consistently  higher  for  the  jjatients  suffering 
from  .such  diseases.  It  is  to  be  noted,  however,  that  the  patients  with 
cardiovascular  disea.ses,  especially  the  females,  were  appreciably  older,  on 
the  average,  than  the  patients  treated  for  other  causes.  Con.sequently,  in 
the  former  group,  the  proportion  of  the  decea.sed  relatives  was  greater. 
The  living  relatives  were  also  older  and,  consequently,  more  of  them  had 
attained  ages  at  which  these  diseases  usually  ha\e  developed.  The.se 
facts  may  account  for  a  good  part  of  the  difference  between  the  two  groups 
of  patients. 

In  a  recent  study  by  Ciocco,  (9)  compiled  from  insurance  records, 
and  based  upon  the  parental  history,  given  at  the  time  when  the  insurance 
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was  issued,  of  white  men  dj-ing  in  1937-1940  from  cerebral  hemorrhage, 
heart  and  circulatory  disease,  compared  with  those  d3'ing  from  other 
causes,  he  found  that  the  proportion,  both  of  mothers  and  fathers  dj'ing 
from  the  same  causes  was  about  one-fifth  higher  in  the  former  group  than 
in  the  controls.  The  differences  were  particularly  marked  for  men  djang 
after  the  age  of  50. 

In  Europe,  the  best  work  along  these  lines  has  been  done  by  Weitz 
(10)  who  found  that  of  82  persons,  mostly  of  peasant  stock,  with  symptoms 
of  hypertension,  93  per  cent  had  one  or  more  relatives  (parents  and  siblings 
chiefly)  with  some  cardiovascular-renal  disease,  and  in  77  per  cent,  one  or 
both  parents  had  died  of  such  diseases.  In  a  control  series,  consisting  of 
267  non-hypertensives,  45  years  old  or  over,  onh^  30  per  cent  reported 
parents  dying  from  cardiovascular-renal  diseases.  ^loreover,  these  deaths 
occurred  at  more  advanced  ages  in  the  control  series,  31  per  cent  of  the 
parents  djdng  over  70  as  compared  with  14  per  cent  in  the  hypertensive 
group.  Weitz  also  found  that  among  93  siblings  of  his  hypertensive  cases 
whom  he  examined,  above-average  blood  pressures  were  more  frequent 
than  among  the  control  cases,  and  of  the  38  siblings  over  55  years  of  age, 
18  had  a  systolic  blood  pressure  in  excess  of  150  mm.  Hg.  On  the  basis 
of  careful  analysis  of  his  data,  Weitz  concluded  that  the  pi'edisposition  to 
hypertension  behaves  genetically  as  a  JNIendelian  dominant  character. 

The  differences  in  the  blood  pressures  of  twins  are  also  of  intere-st  in  this 
regard.  Von  Verschuer  (11)  found  differences  greater  than  6  mm.  Hg. 
(systolic  pressure)  in  only  37  per  cent  of  35  pairs  of  identical  twins,  as 
compared  with  68  per  cent  of  22  pairs  of  fraternal  twins.  Siinilarh',  in  the 
experience  of  Curtius  and  Korkhaus  (12)  on  42  identical  pairs  and  25 
fraternal  pairs,  these  ratios  were  33  per  cent  and  52  per  cent  respectively. 

Characteristics  of  insurance  data  in  relation  to  heredity.  Before  presenting 
the  results  of  insurance  studies,  it  will  be  well  to  consider  certain  difficulties 
inherent  in  the  analysis  of  family  histories  from  life  insurance  data.  Some 
of  these  difficulties  apply  also  to  non-insurance  data  on  heredity.  In  the 
first  place,  longevitj-  is  not  a  simple  entity  but  rather  a  complex  of  many 
factors.  Cardiovascular  disease,  furthermore,  usually  develops  in  mature 
life.  The  period  of  time  involved  in  developing  these  conditions  is  usually 
so  long  that  the  individual  is  exposed  to  the  risk  of  dying  from  any  one  of  a 
number  of  other  causes,  such  as  violence  or  infections  quite  unrelated  to 
the  disease  group  we  are  considering.  The  basic  records  likewise  do  not 
permit  sj^stematic  segregation  according  to  etiological  types  of  cardio- 
vascular disease,  either  for  the  insured  individual  included  in  these  studies, 
or  for  the  affected  numbers  of  his  family.  Conseciuently,  these  studies 
do  not  deal  with  etiologically  "pure"  groups,  although  hypertensive  or 
arteriosclerotic  types  predominate.  Insofar  also  as  insurance  studies 
are  concerned  with  individuals  living  at  first  ob.servation,  who  have  either 
or  both  parents  or  one  or  more  siblings  dead  from  cardiovascular  disease, 
they  are  not  dealing  with  random  samples  of  the  population.    In  that 
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respect,  there  is  a  very  definite  selection.  Tiie  i)roblem  is  further  com- 
plicated by  the  factor  of  the  order  of  birth  of  the  individual,  and  partly 
associated  with  this,  the  age  of  the  parents,  particularly  the  mother,  at  the 
birth  of  the  individual.  Effects  of  environmental  conditions  on  children 
in  broken  families  must  also  be  considered.  .\nd  not  least  among  these 
elements  which  tend  to  confuse  results  in  such  studies  is  the  long-term 
upward  trend  in  human  longevity  which  has  been  especially  marked  in  the 
past  two  generations. 

In  the  studies  based  on  insurance  material,  there  is  also  to  be  considered 
the  effect  of  medical  selection.  Individuals  with  .serious  defects  applying 
for  insiu'ance  are  rejected  for  life  insurance,  or  at  least  for  standard  insurance 
upon  which  such  studies  have  been  made,  and  such  persons  would  con- 
sequently be  eliminated  from  observation.  Life  insurance  physicians 
have  long  viewed  a  poor  family  history  with  suspicion  and,  consequently, 
the  selection  of  persons  presenting  such  histories  would,  on  the  whole,  be 
more  rigorous  than  for  other  applicants.  The  insured  in  these  investiga- 
tions, therefore,  are  the  ones  who  have  not  onlj'  survived  but  also  those 
who,  in  the  judgment  of  the  companj',  are  most  likely  to  give  a  satisfactory 
mortality  experience.  Applicants  for  insurance  have  long  been  aware  of 
this  viewpoint  of  the  companies'  medical  officers,  and  for  that  and  other 
reasons,  misstatement  of  the  age  and  the  cause  of  death  of  the  deceased 
parents  is  fairly  common.  Finally,  knowledge  of  the  cau.ses  of  death  of 
parents,  particularly  a  generation  or  more  ago  was  often  inaccurate  and, 
consequently,  the  convenient  designations  of  heart  disease,  apoplexy  and 
Bright's  disease  were  often  incorrectly  reported. 

On  the  other  hand,  life  insurance  records  have  certain  definite  advantages 
in  this  type  of  investigation.  Persons  accepted  for  standard  insurance 
form  a  fairly  homogeneous  and  above-average  group  with  respect  to  social, 
occupational  and  economic  status.  Observations  as  to  the  mortality  of 
the  group  are  accurate  and  can  be  carried  out  over  long  periods.  Infor- 
mation as  to  the  causes  of  death  of  the  in.sured  individuals  is  of  relatively 
high  quality,  especialh'  in  recent  years.  It  must  be  kept  in  mind,  however, 
that  medical  concepts  with  respect  to  the  development  of  cardiovascular 
di.sease  have  changed  enormously  during  the  past  40  j  ears,  especially  with 
regard  to  the  role  of  hypertension.  The  net  result  has  been  to  throw 
much  more  emphasis  on  the  cardiac  manifestations.  Consequenth'  deaths 
from  heart  disease  ha\"e  formed  a  rapidly  increasing  proportion  of  the  total. 
Because  of  this,  both  with  respect  to  parents  and  offspring,  it  is  desirable 
to  deal  with  the  cardiovascular-renal  group  as  a  whole. 

Most  of  the  insurance  studies  have  disregarded  the  causes  of  death  of 
the  in.surecl.  This  arose  largely  from  the  prime  interest  of  the  investigators 
in  the  total  mortality  for  its  practical  use  in  the  selection  of  applicants  for 
life  insurance.  Consequently,  in  many  instances,  this  much  desired  in- 
formation on  the  specific  mortality  from  cardiovascular  diseases  is  lacking. 

Method  of  reporting  results.    Results  of  these  insurance  investigations 
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are  presented  in  the  form  of  ratios  of  the  actual  deaths  occurring  within  the 
period  of  observation  to  the  number  of  deaths  expected.  The  figure  for 
the  expected  or  normal  is  based  upon  a  table  of  mortalit}^  among  normal 
or  "standard"  risks,  which  is  usualh'  selected  as  representative  of  the  time 
period  covered  by  a  particular  investigation.  In  these  computations, 
the  age  of  the  individual  at  issue  of  insurance  and  the  duration  of  observa- 
tion are  taken  into  account.  The  selection  of  the  standard  mortality  table 
is  extremely  important  because  of  the  long-term  downward  trend  in  death 
rates  and  the  differences  in  the  extent  of  the  declines  at  different  ages. 

Specialized  Mortality  Investigation  (1869-1900).  The  first  extensive  study 
of  this  character  was  a  cooperative  investigation  (13)  of  the  experience  of 
34  life  insurance  companies  of  persons  insured  between  1869  and  1899 

TABLE  1 

Ratio  of  actual  to  expected  deaths*  among  men  of  average  weight  with  one  parent  dead 
under  70  from  specified  condition 
By  age  at  issue,  first  five  policy  years  excluded 
Experience  of  34  life  insurance  companies,  1869-1900  (Specialized  Mortality 

Investigation) 


PER  CENT  ACTUAL  OP  EXPECTED  DEATHS 

ACTUAL  DEATHS 

AGE  GROUP 
WHEN  INSURED 

All 

Parent  dead  under 

"0  from: 

All 

Parent  dead  under  70  from: 

(years) 

groups 
combined 

Heart 
disease 

Kidney 
or  Bright's 
disease 

Apoplexy 
or 

paralysis 

groups 
combined 

Heart 
disease 

Kidney 
or  Bright's 
disease 

Apople.xy 
or 

paralysis 

All  ages 
(15-70) 

93.7 

89.1 

88.2 

97.7 

6,409 

1,922 

826 

3,661 

15-28 

71.6 

66.8 

75.5 

73.8 

777 

257 

152 

368 

29-42 

89.4 

87.8 

83.2 

92.0 

3.030 

964 

404 

1,662 

43-56 

111.0 

104.3 

115.5 

113.4 

2,227 

612 

249 

1,366 

57-70 

104.3 

103.2 

62.5 

110.6 

375 

89 

21 

265 

*  Based  on  Farr's  Healthy  English  Table,  modified  at  ages  15-21  and  52-61. 


and  carried  to  the  anniversary  of  the  is.sue  of  the  policy  in  1900.  The 
groups  of  interest  to  us  in  this  investigation  consisted  of  tho.se  persons  of 
average  weight,  one  or  both  of  who.se  parents  died  under  age  70  from  heart  dis- 
ease, apoplexy  or  paralj'sis,  and  kidney  or  Bright's  disease.  The  mortality 
in  these  classes  by  age  groups  at  issue  of  insurance  is  shown  in  Table  1. 
AVe  have  left  the  earlier  insurance  j-ears  out  of  consideration  because  the 
standard  mortality  table  used  was  a  population  table,  and  the  adjustment 
to  allow  for  the  effect  of  medical  selection  in  these  earlier  years  was  rather 
arbitrary.  It  will  be  noted  that  the  mortality  ratios  are  approximatel.y 
the  same  in  each  of  the  groups;  at  all  ages  combined,  all  of  them  have  a 
mortality  below  the  expected.  The  results  appear  especially  favorable  at 
the  younger  ages  at  entrj'.    The  only  marked  deviations  occur  at  the  most 
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advanced  ages  and  the  coniparatixely  favorable  result  among  the  older 
risks  with  a  familj'  history  of  Bright's  disease  is  based  on  a  relatively  small 
number  of  deaths.  In  great  part  these  differences  in  the  mortality  ratios 
at  the  various  ages  reflect  a  fundamental  defect  in  the  mortality  standard 
because  the  table  used  did  not  represent  a  contemporaneous  mortality 
experience  but  one  w  hich  was  considered  by  the  men  conducting  the  study 
to  be  the  most  suitable  for  the  piu'pose.  Actually  the  rates  in  the  table 
were  too  high  at  the  younger  ages  and  too  low  at  the  older  ages.  The  value 
of  the  studj'  is  also  impaired  by  the  high  limit  of  age  of  the  parent  at  death. 

No  facts  are  available  with  respect  to  the  cause  of  death  of  the  insured. 

The  Medico-Actuarial  Mortality  Investigation  {1885-1909) .  The  second 
important  source  of  information  is  the  cooperative  investigation  based 
upon  the  records  of  43  life  insurance  companies,  known  as  the  Medico- 
Actuarial  Mortality  Investigation  (14).  This  covered  selected  groups  of 
persons  insured  between  1885  and  1908  who  were  traced  to  the  anniversary 
of  the  policy  in  1909.  This  investigation  included  two  classes  that  are  of 
of  interest  to  us,  namely,  those  with  two  or  more  ca.ses  of  heart  disease  and 
two  or  more  cases  of  apoplexy  or  paralysis  in  the  family  record  (parents, 
brothers  and  sisters).  In  the  study  of  these  cases,  however,  no  limit  was 
put  upon  the  age  at  death  of  the  parent  or  sibling.  The  results  in  these  two 
classes  separately  and  combined  are  shown  in  Table  2.  The  mortality  in 
these  two  groups  for  all  ages  combined  was  approximately  the  same;  both 
were  moderately  in  excess  of  the  expected.  In  this  study,  however,  the 
results  were  much  more  favorable  at  the  older  ages  of  i.ssue  than  at  the 
younger  ages. 

Only  brief  consideration  was  giveii  to  the  cause  of  death  of  the  insured 
and  the  only  information  given  in  the  report  was  to  the  effect  that  the 
mortality  from  heart  disease  was  above  normal  in  the  group  with  a  family 
record  of  heart  disease,  and  that  from  cerebral  hemorrhage  and  apoplexy 
was  twice  the  normal  in  the  group  with  a  family  record  of  apoplexy. 

Experience  of  the  Mutual  Life  Insurance  Company  (1885-1909).  Dr. 
Brandreth  Symonds  (15),  Medical  Director  of  the  Mutual  Life  Insurance 
Company  made  a  special  analysis  of  that  portion  of  the  experience  con- 
tributed b\'  his  company,  to  the  Medico-Actuarial  Investigation  on  in- 
sured persons  with  two  or  more  cases  of  apoplexy  in  the  family  record. 
He  distinguished  those  with  (a)  an  indeterminate  family  record  of  longevity 
(one  or  both  parents  living  and  under  70);  (b)  those  where  both  parents 
reached  70;  (c)  tho.se  where  both  parents  died  under  GO,  and  (d)  an  inter- 
mediate family  record.  As  against  the  mortality  of  the  entire  experience, 
124  per  cent  actual  of  expected  deaths  (85  actiial  deaths) — among  men  with 
two  or  more  cases  of  apoplexy  in  the  family  record,  tho.se  with  a  good 
histoiy  of  parental  longevity  had  a  mortality  of  only  102  per  cent,  (27 
deaths)  those  with  an  intermediate  record,  157  per  cent,  (24  deaths) 
those  with  a  poor  record,  301  per  cent,  (8  deaths)  and  tho.se  with  an  inde- 
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terminate  histoiy,  109  per  cent  (26  deaths).  ^Vhile  the  experiences  were 
small,  they  show  definitely  a  relatively  high  mortality  among  men  with  a 
record  of  two  or  more  cases  of  apoplexy  in  the  famih'  record,  except  where 
both  parents  died  at  relatively  advanced  ages.    The  experiences  were  too 

TABLE  2 

Ratio  of  actual  to  expected  deaths*  among  men  with  two  or  more  cases  of  specified 
conditions  in  their  family  record^ 


By  age  groups  at  issue.  Experience  of  43  life  insurance  companies,  1885-1909  (Medico- 
Actuarial  Mortality  Investigation) 


PER  CENT  ACTUAL  OF  EXPECTED 
DEATHS 

ACTUAl.  DEATHS 

age  group  when  insured 
(years) 

Both 

2  or  more  cases  in 
family  record  of : 

Both 

2  or  more  cases  in 
family  record  of : 

groups 
combined 

Heart 

(IIS6&S6 

Apoplexy 
or 

paralysis 

groups 
combined 

Heart 

Apoplexy 
or 

paralysis 

All  policy  years 

All  ages 
(15  and  over) 

110 

113 

108 

607 

233 

374 

15-29 

140 

119 

164 

43 

19 

24 

30-39 

121 

126 

116 

124 

57 

67 

40-i9 

111 

113 

109 

194 

72 

122 

50  and  over 

100 

104 

98 

246 

85 

161 

Sixth  &  later 

policy  years 

All  ages 
(15  and  over) 

118 

118 

118 

362 

133 

229 

15-29 

153 

144 

161 

21 

10 

11 

30-39 

129 

119 

137 

71 

28 

43 

40-49 

113 

120 

109 

113 

41 

72 

50  and  over 

114 

113 

115 

157 

54 

103 

*  Based  on  Medico-Actuarial  Mortality  Table  (contemporaneous  mortality  ex- 
perience of  the  43  companies), 
t  Parents,  brothers  or  sisters. 


small,  however,  to  permit  one  to  attach  much  significance  to  the  variations 
according  to  the  age  of  the  applicants  when  insured.  No  details  were  given 
as  to  the  causes  of  death  of  the  insured. 

Medical  Impairment  Study.  Interest  in  the  subject  was  dormant  in  life 
insurance  medical  circles,  so  far  as  active  investigation  is  an  index  of  such 
interest,  for  man}^  years.    In  the  next  large-scale  inter-company  investi- 
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gation,  the  Medical  Impairment  Study  of  1929  (16),  the  only  class  studied 
because  of  a  poor  family  record  of  vascular  disease  consisted  of  those  with 
two  or  more  cases  of  apoplexj-  in  the  family  under  age  60,  (parents,  brothers, 
or  sisters).  One  company  submitted  its  experience  on  such  applicants 
without  regard  to  the  age  of  the  parent  or  sibling  affected.  This  study 
covered  the  combined  experience  of  39  companies  on  applicants  insured 
between  1909  and  1926  and  traced  to  the  policy  anniversary  in  1927.  The 
results  are  shown  in  Table  3. 

The  inter-companj'  experience  on  the  cases  with  poor  parental  longevity 
gave  an  average  mortality^ — 101  per  cent  of  the  expected.  There  was  no 
significant  variation  in  the  results  according  to  the  age  of  the  applicant 

TABLE  3 

Ratio  of  actual  to  expected  deaths*  among  insured  persons  with  two  or  more  cases  of 
cerebral  hemorrhage,  apoplexy  or  paralysis  in  family  record  (parents  or 
siblings)  when  insured 

By  age  groups  at  issue.    Cases  insured  in  1909  to  1927,  traced  to  policy  anniversary 
in  1928  (Medical  Impairment  Study,  1929) 


AGE  GROUP  WHEN 
INSURED 

(teabs) 

COMBINED  EXPERIENCE  OF  38  COMPANIES, 
TWO  OR  MORE  CASES  UNDER  AGE  60 

EXPERIENCE  OF  ONE  COMPANY.  TWO 
OR  MORE  CASES  AT  ANY  AGE 

Per  cent  actual  of 
expected  deaths 

Actual  deaths 

Per  cent  actual  of 
expected  deaths 

Actual  deaths 

All  ages 

(15  and  over) 

101 

82 

107 

215 

15-39 

117 

22 

165 

36 

40-49 

97 

CO 

125 

81 

50  and  over 

96 

29 

86 

98 

*  Based  on  Basic  Table  of  Mortalitj',  1909-1927  (contemporaneous  mortality 
experience  of  10  large  life  insurance  companies). 


when  insured.  The  mortality  from  cerebral  hemorrhage  accounted  for  9 
of  the  82  deaths,  or  approximately  twice  the  expected  number.  Xo  facts 
are  available  with  regard  to  deaths  from  other  diseases  in  the  cardio- 
vascular-renal gi-oup. 

The  mortalitj'  among  the  cases  submitted  by  one  company  without 
limitation  as  to  the  age  of  the  affected  relatives  was  somewhat  above  aver- 
age— 107  per  cent  of  the  expected.  The  ratios  were  definitely  higher  at  the 
j'oimger  ages  of  issue,  namely,  1()6  per  cent  among  applicants  30  to  39 
years  old  at  issue,  and  125  per  cent  among  those  40  to  49  years  old.  The 
applicants  over  50  had  a  mortality  somewhat  better  than  average.  Of  the 
215  deaths,  88  were  accounted  for  by  cerebral  hemorrhage  and  apoplexy, 
organic  disease  of  the  heart  and  Bright's  disease.  In  the  aggregate,  this 
was  approximately  50  per  cent  above  the  expected.    The  greatest  rela- 
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tive  excess  was  for  cerebral  hemorrhage  which  accounted  for  37  deaths,  or 
over  twice  the  expected. 

Provident  Mutual  Life  Insurance  Company  (1908-1928).  Edward  W. 
iNIarshall  (17),  in  a  study  of  parental  history  and  longevity  segregated  a 
group  with  both  parents  dead,  one  or  both  of  them  from  a  degenerative 
disease  or  "allied"  cause.  This  list  of  causes  was  by  no  means  a  pure  group, 
but  a  family  record  of  cardiovascular  disease  accounts  for  most  of  the  cases. 
Among  those  both  of  whose  parents  died  from  any  of  these  causes,  the 
mortality  was  120  per  cent  of  the  expected,  but  the  ratio  reached  163  per 
cent  in  the  small  experience  on  those  both  of  whose  parents  succumbed 
to  any  of  these  diseases  before  age  60.  Among  those  with  only  one  parent 
dead  from  any  disease  in  this  group,  the  mortality'  in  three  separate  cate- 
gories was  ascertained.  These  groups  and  their  ratios  were:  1)  Both 
parents  dead  and  under  age  60,  108  per  cent;  2)  one  parent  dead  under  age 
60  and  one  over  age  60,  109  per  cent;  and  3)  both  parents  dead  over  age  60, 
89  per  cent.  Xo  details  were  publi-shed  regarding  the  experience  hy  age 
groups  at  issue,  nor  regarding  causes  of  death. 

Metropolitan  Life  Insurance  Company  (1899-1939).  In  the  course  of  a 
new  and  long-term  investigation  of  inheritance  of  longevity  from  life  in- 
surance records  of  our  company,  we  segregated  cases  in  which  the  insured 
reported  two  or  more  deaths  under  age  60  from  any  cardiovascular-renal 
di.sease  in  his  family  (parents  or  siblings).  We  had  a  record  of  approxi- 
mately 325  such  males,  between  ages  20  and  64  years,  in.sured  during  the 
period  1899  to  1905.  These  have  been  traced  to  the  policy  anniversary 
in  1939,  and  their  mortality  has  been  measured  against  the  contemporane- 
ous experience  on  all  men  insured.  There  were  only  11  cases  with  three 
members  deceased  before  age  60  from  cardiovascular-renal  diseases  and 
none  with  more  than  three.  These  cases  are  rare  because  they  would  usually 
be  rejected  for  standard  insurance.  In  slightly  less  than  half  of  the  total 
cases,  both  parents  had  died  from  one  of  these  conditions.  Most  of  the 
remaining  cases  were  equally  divided,  with  respect  to  the  family  record  of 
cardiovascular-renal  di.sea.se,  among  (a)  father  and  one  sibling;  (b)  mother 
and  one  sibling;  and  (c)  two  siblings. 

The  total  number  of  years  of  life  observed  on  the  cases  in  this  study 
.slightly  exceeds  4,000,  or  an  average  of  13  years  on  each  individual.  The 
results  are  summarized  in  Table  4.  Of  our  group,  89  have  died.  These 
deaths  are  nearly  40  per  cent  in  excess  of  the  number  expected.  The 
mortality  has  been  relatively  worse  during  the  first  half  of  this  long 
period  of  observation  than  in  the  later  years.  The  experience  in  the  first 
five  years  after  issue  may  be  disregarded  because  of  the  strong  effect  of 
medical  selection  in  this  period.  In  the  sixth  to  twentieth  years  combined 
after  issue  of  insurance,  the  mortality  ratio  is  nearly  60  per  cent  above  the 
expected,  as  compared  with  only  a  15  per  cent  excess  in  the  twenty-first  to 
fortieth  j-ears. 
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The  mortality  ratios  of  these  persons  with  a  leeord  of  two  or  more  deaths 
in  the  immediate  family  from  eardiovasciilar-renal  diseases  show  a  pro- 
gressive increase  with  age.  In  the  small  experience  on  those  between  ages 
20  to  29  at  issue,  the  mortality  is  slightly  but  not  significantly  below  the 
standard,  and  among  those  between  30  and  39  at  issue  only  moderately 
above  normal.  The  ratios  rapidly  increase  among  risks  past  40,  with  a 
ratio  of  147  per  cent  for  those  between  ages  40  and  49  at  issue  and  185 
per  cent  for  those  50  to  (54  at  issue.  The  number  of  deaths  in  these  detailed 
age  groups  is  too  ."^mall  to  give  reliable  ratios  when  further  classified  by 
duration,  but  when  the  broad  groups  under  age  40  and  ages  40  and  over  at 
issue  are  considered,  we  find  that  among  the  yoimger  risks  at  issue,  the 
mortality  ratio  is  slightly  but  not  significantly  higher  during  the  sixth  to 

TABLE  4 

Ratio  of  aclual  to  expected  deaths*  among  insured  men  with  two  or  more  deaths  under 
age  60  from  cardiorascular-renal  disease  in  family  record  (parents  or  siblings) 

ivhen  insured 

By  age  groups  at  issue.    Cases  insured,  1899-1905,  traced  to  policy  anniversary  in 
1939.  Metropolitan  Life  Insurance  Company,  Ordinary  Department. 


.*GE  GROI  P 
WHEN  INSURED 


PER  CENT  ACTUAL  OF  EXPECTED  DEATHS 


Duration  of  insurance 


ACTUAL  DEATHS 


Duration  of  insurance 


Total  1-40 
years 

6-20  years 

21-40  years 

Total  1-40 
years 

6-20  years 

21-40  years 

All  ages 

(20-64) 

137 

159 

115 

89 

47 

30 

20-29 
30-39 

92 
113 

( 

120 

108 

5 

28 

3 
12 

2 
13 

40-49 

147 

189 

124 

31 

16 

10 

50-64 

185 

25 

16 

5 

*  Based  on  contemporaneous  mortality  experience  among  all  male  lives. 

twentieth  j-ears  after  issue  than  in  the  subsequent  years,  but  among 
those  over  40,  the  mortality  is  very  appreciably  higher  in  the  earlier  period, 
the  ratio  being  nearly  twice  the  expected  during  the  sixth  to  twentieth 
years,  but  only  one  and  one-quarter  times  the  expected  in  the  later  years. 

As  Table  5  shows,  deaths  from  cardiovascular-renal  diseases  accounted 
for  46  of  the  89  deaths  as  against  only  2(5  expected.  The  actual  deaths 
from  these  cau.ses  exceeded  the  expected  number  by  75  per  cent.  The 
mortality  from  them  is  well  above  average  in  every  subdivision  by  duration 
and  by  age.  As  was  the  case  for  all  causes  combined,  the  ratios  were 
appreciably  higher  during  the  sixth  to  twentieth  years  after  issue  of 
insurance  than  in  the  later  years.  In  the  former  case,  the  actual  deaths 
from  these  diseases  were  over  twice  the  expected,  as  compared  with  one  and 
one-half  times  in  the  later  insurance  years.    In  comparison  with  the 
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average  mortality  from  these  causes  for  their  age,  the  situation  is  worse 
among  the  older  men  than  among  the  younger.  Among  those  between 
ages  20  and  39  at  issue,  the  mortality  from  the  cardiovascular-renal  diseases 
was  one  and  one-quarter  times  the  normal,  as  compared  with  a  ratio  of 
over  twice  the  normal  among  those  between  ages  40  and  64  at  issue. 
Among  the  younger  risks,  there  was  no  significant  difference  in  these  ratios 
when  further  classified  by  duration  of  insurance,  but  among  the  older 
risks,  the  mortality  during  the  sixth  to  twentieth  years  was  about  two  and 
one-half  times  the  expected,  as  compared  with  one  and  a  half  times  in  the 
subsequent  years. 

The  excess  mortality  among  these  men  with  a  poor  family  record  of 
cardiovascular-renal  diseases,  therefore,  was  almost  entirely  accounted 
for  by  the  very  high  death  rate  from  these  conditions.    The  mortality 

I 

TABLE  5 

Ratio  of  actual  to  expected  deaths*  from  cardiovascular-renal  diseases  among  insured 
men  with  two  or  more  deaths  under  age  60  from  cardiovascular-renal  disease 
in  family  record  {parents  or  siblings)  when  insured 
By  age  groups  at  issue.    Cases  insured,  1899-1905,  traced  to  policy  anniversary  in 
1939.  Metropolitan  Life  Insurance  Company,  Ordinary  Department. 


PER  CENT  ACTUAL  OP  EXPECTED  DEATHS 

ACTUAL  DEATHS 

AGE  GROUP 

when  insured 
(years) 

Duration  of  insurance 

Duration  of  insurance 

All  years  1-40 

6-20  years 

21-40  years 

All  years  1^0 

6-20  years 

21^0  years 

All  ages 
(20-64) 

177 

220 

143 

46 

22 

20 

20-39 

126 

129t 

134 

13 

4 

9 

40-64 

210 

260 

151 

33 

18 

11 

*  Based  on  contemporaneous  mortality  experience  among  all  male  lives, 
t  Ratio  not  reliable  because  of  small  number  of  deaths. 


from  all  other  causes  of  death  in  the  group  was  approximately  normal, 
and  for  no  other  single  cause  was  the  number  of  deaths  sufficiently  large  to 
show  a  statistically  significant  departure  from  normal.  It  is  notable  that 
among  the  older  risks,  60  per  cent  of  the  total  deaths  are  accounted  for  by 
the  cardiovascular-renal  group,  and  in  the  longer  durations  in  this  older 
group,  11  of  the  15  deaths  were  from  cardiovascular  or  renal  disease. 

SUMMARY  AND  CONCLUSIONS 

These  several  studies  point  to  a  definite  relationship  between  parents 
and  offspring  with  respect  to  cardiovascular  diseases.  The  clinical  studies 
have  generally  shown  that  among  patients  with  any  form  or  symptom  of 
the  diseases,  there  is  a  high  incidence  of  the.se  diseases  or  symptoms  in  the 
parental  history.    In  the  insurance  studies,  it  has  been  found  that  the  total 
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mortality  of  persons  witli  a  family  history  of  thoso  conclitions  has  ranged 
from  approximately'  normal  to  well  above  normal,  hut  in  every  study  in 
which  the  death  rate  from  chronic  cardio\ascular  or  renal  diseases  was 
considered,  the  mortalitj*  from  them  has  been  above  average.  In  none 
of  the  studies  was  the  mortality  of  these  cases  low,  even  though  on  the  basis 
of  the  survivorship  of  the  parents  to  advanced  ages,  the  history  was  favor- 
able. It  is  fair  to  conclude,  therefore,  that  these  studies  indicate  a  familial 
relationship  in  the  cardio\'ascular  diseases. 

The  nature  of  this  association  cannot  be  brought  out  with  any  great 
exactness  from  insurance  studies,  oi'  indeed  from  most  of  the  material 
thus  far  collected  on  the  sul)ject.  It  is  not  likely  that  this  association  is 
a  matter  of  direct  inheritance  of  faulty  cardiac  or  vascular  structure  in 
most  instances,  but  rather  that  a  number  of  factors  are  involved.  For 
example,  insurance  studies  have  shown  that  the  mortality  from  the  cardio- 
vascular-renal diseases  is  appreciably  higher  among  the  obese  than  among 
persons  of  slighter  build.  Since  there  are  strong  hereditary  factors  in  body 
build  or  structure,  the  effect  of  heredity  as  regards  the  incidence  of  cardio- 
vascular disease  may  be  an  indirect  one. 

The  mortality  from  cardiovascular  diseases  among  those  with  a  family 
record  of  early  deaths  from  such  diseases  is,  however,  not  free  from  the 
influence  of  non-hereditary  factors  which  tend  to  raise  the  mortality  from 
them.  For  example,  individuals  orphaned  at  a  relatively  early  age,  re- 
gardless of  the  cause  of  death  of  the  parents,  are  subject  to  deleterious 
environmental  conditions  associated  w'ith  broken  homes.  Among  children 
in  such  families,  the  frecjuency  of  infections  leading  to  early  cardiovascular 
or  renal  disease  is  relatively  high.  Moreover,  many  of  these  children 
must  work  at  an  earlj*  age  and,  consequently,  often  at  unskilled  or  semi- 
skilled occupations,  and  among  persons  in  .such  occupations  the  mortality 
from  cardiovascular-renal  diseases  is  appreciably  above  average. 

The  question  may  properlj'  be  raised  whether  a  familial  association  with 
any  cardiovascular  di.sease  or  its  symptoms  is  unfavorable  to  longevity. 
For,  if  such  relation.ship  involved  no  diminution  in  longevity,  this  relation- 
ship, while  of  medical  interest,  would  be  of  no  great  consequence.  This 
is  by  no  means  the  case.  The  presence  of  the.se  diseases  in  abnormal  fre- 
quency in  the  family  history  at  an  early  age  is  often  an  indication  of  the 
existence  of  tho.se  factors  which  produce  early  vascular  degeneration.  This 
is  indicated  by  the  fact  that  the  excess  death  rate  from  these  disea.ses  among 
the  persons  we  have  studied  is  not  concentrated  at  the  older  ages,  and  at 
the  longer  durations  of  insurance,  but  is  present  at  every  age  and  ap- 
parently is  relatively  worse  for  the  .shorter  durations  than  the  longer  ones. 
Consequently,  a  great  proportion  of  the  deaths  of  these  persons  with  a 
poor  family  record  of  cardiovascular  disease  occurs  at  relatively  young  ages. 
A  family  record  of  this  type  must,  therefore,  be  considered  generally 
unfavorable  to  longevity. 
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THE  NEPHROTIC  CRISIS 


KENDALL  EMERSOX,  Jr..  M.D.,  and  DOXALD  D.  VAX  SLYKE,  Ph.D. 
[From  the  Hospital  of  The  Rockefeller  Institute  for  Medical  Research,  New  York] 

A  typical  complication  of  the  nephrotic  syndrome  is  the  occurrence  of 
acute  febrile  episodes  with  symptoms  of  peritonitis.  The  attack  may 
take  place  without  warning  and  with  dramatic  suddenness,  ushered  in 
by  an  abrupt  rise  in  temperature  to  as  high  as  106°F.  in  3  or  4  hours,  often 
accompanied  by  a  chill,  and  always  by  generalized  abdominal  pain  and 
rigidity,  nausea,  vomiting  and  prostration.  To  this  typical  picture  Farr 
(10)  has  given  the  name  "nephrotic  crisis." 

There  is  a  marked  leucocytosis  ranging  from  20,000  to  40,000.  In  many 
instances,  but  not  in  all,  blood  cultures,  especiallj'  if  taken  early,  and 
cultures  of  peritoneal  fluid  will  demonstrate  the  presence  of  a  pathogenic 
organism;  it  is  most  commonly  a  pneumococcus,  but  not  infrequently 
other  organisms  are  found.  The  hemolytic  streptococcus,  bacillus  coli, 
hemophilus  influenzae  and  bacillus  Morgagni  have  all  been  obtained  in 
cases  in  this  hospital.  In  some  instances  the  acute  illness  lasts  36  to  48 
hours,  and  is  followed  by  a  recovery  almost  as  abrupt  as  the  onset.  In 
others  there  is  a  persistence  of  high  fever  and  bacteremia  with  death  oc- 
curring in  the  couree  of  10  days  to  2  weeks.  Such  generalized  infections 
have  been  seen  in  nephrotic  patients  ranging  in  age  from  2  to  26  years  and 
appear  to  be  as  common  among  males  as  females.  Recurrences  in  the 
same  patient  are  frequent  and  may  or  may  not  be  accompanied  hy  infec- 
tion with  the  same  organism. 

Some  patients  show  all  the  above  signs  and  symptoms  of  peritonitis 
without  demonstrable  organisms  in  the  blood  or  peritoneum.  Such  pa- 
tients as  a  rule  recover  in  12  to  24  hours. 

In  this  paper  all  such  acute  febrile  episodes  of  the  t3'^pe  described, 
whether  or  not  infection  was  demonstrated,  will  be  termed  nephrotic 
cri.ses. 

A  systematic  study  of  the  metabolic  changes  accompanying  these  acute 
episodes  was  carried  out  in  this  hospital  by  Farr  (1)  and  by  Farr  and 
MacFadyen  (2).  These  inxostigators  observed  that  an  accelerated  loss 
of  urinary  non-protein  nitrogen,  resulting  frequenth'  in  a  negative  nitro- 
gen balance,  regularly  preceded  by  several  days  the  onset  of  the  crisis. 
They  also  noted  that  with  onset  of  the  crisis  there  was  a  further  drop  in 
the  already  low  plasma  albumin  concentration  to  the  neighborhood  of  1 
per  cent  or  lower,  and  that  a  rise  to  the  previous  level  accompanied  re- 
cover}'. 
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These  findings  indicated  a  disturbance  in  nitrogen  metabolism  before 
and  during  the  nephrotic  crisis,  and  led  Farr  and  MacFadyen  to  an  in- 
vestigation of  the  non-protein  nitrogenous  constituents  of  the  blood  of 
nephrotic  patients.  Among  the  substances  investigated  the  only  sig- 
nificant changes  found  were  in  the  plasma  amino  acids. 

For  the  plasma  amino  acid  analyses  advantage  was  taken  of  the  re- 
cently developed  ninhydrin-carbon  dioxide  method  of  Van  Slyke  and 
Dillon  (4)  for  the  quantitative  estimation  of  free  alpha-amino  acids. 
This  method  determines  no  amines  other  than  the  amino  acids,  and  is 
therefore  more  specific  than  the  nitrous  acid  procedure  (3).  MacFadyen 
and  Van  Slyke  (5)  devised  an  application  of  the  ninhydrin-carbon-dioxide 
method  to  plasma  which  was  sufficiently  rapid  and  simple  to  serve  as  a 
routine  clinical  test.  The  normal  level  of  alpha-amino  acid  nitrogen  in 
human  plasma  was  found  to  range  from  3.5  to  5.0  mg.  per  100  cc.  These 
normal  figures  have  been  confirmed  by  Dr.  Goettsch  (6)  at  the  Babies 
Hospital  in  New  York  City,  using  the  same  method. 

By  means  of  this  technique,  Farr  and  MacFadyen  (2)  found  that  in 
patients  with  the  nephrotic  syndrome,  during  periods  without  crises,  the 
plasma  amino  acid  nitrogen  level  was  consistently  below  normal,  ranging 
from  2.5  to  3.5  mg.  per  100  cc.  They  also  found  that  during  the  acute 
nephrotic  crisis,  with  or  without  demonstrable  infection,  there  occurred  a 
further  drop  to  a  figure  usually  below  2.5  mg.  per  100  cc.  The  figure  2.5 
they  arbitrarily  termed  the  "critical  level."  Recovery  was  found  to  be 
associated  with  an  abrupt  rise  in  plasma  amino  acids  in  the  direction  of 
normal.  These  changes  in  plasma  amino  acids  constituted  the  most  char- 
acteristic metabolic  abnormality  noted  in  the  nephrotic  crisis,  whether  or 
not  infection  was  demonstrated.  With  few  exceptions,  in  cases  in  which 
plasma  amino  acid  values  significantly  below  the  critical  level  have  been 
observed,  typical  crises  either  have  been  present  or  have  occurred  within 
the  next  2  or  3  days.  Conversely,  in  observations  of  44  crises,  none  has 
been  seen  in  which  the  plasma  amino  acid  level  failed  to  drop,  or  which 
did  not  terminate  with  recovery  when  the  amino  acid  level  rose  above  the 
critical  value.  The  accompanying  charts  illustrate  these  points  graph- 
ically. 

Figure  1  shows  the  febrile  response  to  a  series  of  five  consecutive  crises, 
accompanied  by  transient  bacteriemia,  in  a  3  year  old  nephrotic  girl 
observed  by  one  of  the  writers  (E)  over  the  course  of  3  months.  Each 
episode  was  a  typical  nephrotic  crisis,  and  during  the  periods  of  tempera- 
ture elevation  all  the  signs  and  symptoms  of  peritonitis  were  present, 
whereas  during  the  periods  of  normal  temperature  the  child  appeared 
perfectly  well.  The  remarkably  close  correlation  between  the  elevation 
of  temperature  and  depression  of  amino  acids  below  the  critical  level  is 
apparent. 

Figure  2  illustrates  the  same  phenomenon  in  another  patient,  a  4  year 
old  boy,  with  a  somewhat  more  prolonged  period  of  infection. 
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Figure  3  illustrates  a  nephrotic  crisis  which  is  unusual  in  several  re- 
spects.   The  patient  was  in  an  older  age  group.    Her  symptoms  began  as 
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a  pelvic  peritonitis  associated  with  menstruation  and  remained  localized 
for  2  days.  During  this  time  the  plasma  amino  acid  level,  although  show- 
ing a  downward  trend,  continued  slightly  above  the  critical  level.  Sub- 
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sequently  there  was  a  further  fall  and  the  level  remained  depressed  until 
death  occvu  red  on  the  ninth  day  of  the  crisis.  This  crisis  is  the  only  one 
which  has  terminated  fatally  in  this  hospital  since  the  plasma  amino  acid 
changes  have  been  under  observation,  accompanied  by  amino  acid  therapy. 

The  so-called  critical  level  of  2.5  mg.  of  amino  acid  nitrogen  per  100  cc. 
of  plasma  is  a  figure  established  by  observations  on  children  exclusively 
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under  10  years  of  age.  The  critical  level  may  not  be  found  at  2.5  mg.  in 
all  children  when  a  larger  number  has  been  observed,  and  it  may  be 
different  in  adults.  For  this  reason  it  may  be  more  important,  at  least 
as  far  as  prognosis  in  a  given  crisis  is  concerned,  to  emphasize  the  trend 
of  the  plasma  amino  acid  curve  rather  than  the  absolute  level  at  any  one 
moment. 
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The  demonstration  of  a  plasma  amino  acid  dc'Hcicncv  in  the  nephrotic 
syndrome  has  led  logically  to  attempts  to  replace  the  missing  amino  acids. 
Gastrointestinal  symptoms  are  so  acute  tliat  feeding  is  impracticable; 
consequently  the  amino  acids  have  been  given  intiavenously.  Klman  (7) 
in  St.  Louis  was  the  fii-st  to  show  the  clinical  practicability  of  administer- 
ing amino  acids  intravenously  in  the  foiin  of  a  casein  hydrolysate.  Farr, 
Emerson,  and  Futcher  (8)  utilized  tliis  material/  both  in  attempts  to  raise 
the  plasma  amino  acid  level  by  prolonged  treatment  in  patients  not  in 
crisis,  and  in  the  treatment  of  the  acute  nephrotic  crisis.  In  patients 
not  in  crisis  no  effect  occurred  on  th(>  level  of  plasma  amino  acids  or  pro- 
teins or  on  the  apparent  clinical  course  of  the  di.sease.  Nevertheless,  it 
was  shown  that  the  nitrogen  supplied  by  this  method  was  utilized  as 
efficiently  and  completely  as  dietary  nitrogen  (8,  9),  so  that  it  [presumably 
served  to  combat  the  malnutrition  that  is  so  typical  of  nephrosis.  In  the 
treatment  of  the  nephrotic  crisis,  when  adequate  food  ingestion  is  usually 
impossible,  nitrogen  catabolism  is  accelerated,  and  malnutrition  tends  to 
be  exacerbated,  the  use  of  intravenous  amino  acids  seems  logical  if  foi- 
no  other  rea.son  than  to  maintain  nutrition.  It  cannot  be  claimed  that 
this  form  of  treatment  has  either  prevented  the  occurrence  or  shortened 
the  course  of  the  nephrotic  crisis.  However,  the  fact  remains  that  prior 
to  the  introduction  of  amino  acid  therapy  the  mortality  from  crises  with 
acute  infection  was  66  per  cent  in  this  hospital  (10),  whereas  in  32 
crises  among  11  patients  under  10  .\  eais  of  age  treated  with  amino  acids 
and  with  no  other  change  in  therapy  thei'e  have  b(H>n  no  deaths.  The 
older  patient  depicted  in  figure  3  has  been  the  only  fatality  among  cases 
treated  with  amino  acids.  Besides  belonging  in  an  older  age  group,  she 
had  an  infection  which  was  resistant  to  sulfapyridine. 

DISCUSSION 

MacLeod  and  Farr  (11)  observed  that  nephrotic  children  carry  for  long 
preliminarj'  periods  in  their  throats  the  same  organisms  that  ultimately 
invade  their  blood  streams  during  nephrotic  crises.  When  a  crisis  is 
accompanied  by  bacteriemia,  the  latter  appears  to  result  not  from  a  fresh, 
^•irulent  infection,  but  rather  from  a  sudden  decrease  in  resistance  to  an 
organism  towards  which  the  patient  had  pr(>\  iously  acted  as  a  carrier. 
Hence  it  appears  possible  that  the  bacterial  invasion  may  result  from  a 
breakdown  of  immunity  caused  either  by  the  hypoaminoacidemia  or  by 
the  unknown  metabolic  disturbance  which  may  cause  both  the  forerun- 
ning negative  nitrogen  balance  and  the  hypoaminoacidemia. 

In  some  instances  (e.g.,  fig.  2)  wheie  measurements  were  made  from  1 
to  3  days  prior  to  the  onset  of  a  crisis,  the  plasma  amino  acids  had  al- 
ready begun  to  fall.    This  would  indicate  that  this  drop  is  a  reflection  of 

'  The  casein  hydrolysate,  used  in  these  studies,  was  kindly  supplied  by  Mead 
Johnson  &  Co.,  Evansville,  111. 
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an  underlying  metabolic  disturbance  which  precedes  the  clinical  symptoms 
of  the  nephrotic  crisis. 

In  the  course  of  the  ordinary  upper  respiratory  or  other  infections  in 
nephrotic  children  no  changes  in  the  plasma  amino  acid  level  have  been 
noted  (2).  However,  preliminary  studies  have  given  some  indication 
that  amino  acid  metabolism  may  be  affected  in  conditions  other  than 
nephrosis,  for  it  has  been  found  (12)  that  during  the  acute  phase  of  pneu- 
monia the  plasma  amino  acid  level  is  depressed,  and  that  with  recovery 
there  is  a  return  to  normal  levels. 

In  19  out  of  44  nephrotic  crises  observed  in  14  patients  no  infection 
could  be  demonstrated  by  repeated  blood  cultures.  In  such  cases,  one 
cannot  exclude  the  possibility  of  a  transient  bacteriemia  which  may  have 
disappeared  before  the  first  blood  culture  was  taken;  the  observed  bac- 
teriemia is  sometimes  so  transient  that,  after  a  positive  culture  at  onset, 
a  second  culture  6  hours  later  may  be  negative.  However,  in  view  of  43 
per  cent  of  crises  with  negative  cultures,  the  possibility  cannot  be  ignored 
that  the  whole  clinical  picture  in  cases  without  demonstrable  bacteriemia 
may  be  capable  of  production  bj^  a  purely  metabolic  disturbance,  without 
bacterial  invasion  as  either  a  primary  or  secondary  factor. 

SUMMARY 

The  acute  febrile  attack  with  severe  gastro-intestinal  symptoms  is 
described  which  occurs  and  recurs  tj^pically  in  nephrotic  children,  with 
or  without  demonstrable  bacteriemia.  Work  by  Farr,  MacFadyen,  Mac-. 
Leod  and  their  collaborators  is  cited  showing  that  the  attack  Ls  preceded 
by  a  metabolic  disturbance  evidenced  by  a  loss  of  body  nitrogen  and  by  a 
dramatic  fall  in  the  plasma  amino  acid  content.  Recovery  is  regularly 
accompanied  by  a  rise  in  the  plasma  amino  acid  content.  Intravenous 
nutrition  with  amino  acids  seemed  beneficial  in  reducing  the  mortality. 
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THE  AURICULAR  WAVE  ^P)  OF  THE  HU-AL\X  ELECTROCARDIO- 
GRAM IX  NORMAL  AND  PATHOLOGICAL  STATES 


HAROLD  FEIL.  M.D. 
[Cleveland,  Ohio] 

The  P  wave  of  the  electrocardiogram,  so  named  by  Einthoven  (I), 
represents  the  spread  of  excitation  and  of  contraction  from  the  sino- 
aurieular  node  radially  throughout  the  bodies  of  the  auricles.  The  sino- 
auricular  node  hes  at  the  upper  end  of  the  sulcus  terminalis  at  the  junction 
of  the  free  border  of  the  right  auricular  appendix  with  the  superior  vena 
cava,  and  may  extend  2  cm.  in  length  in  man.  The  S-A  node  Ls  a.*;  a  hub 
of  the  wheel  of  auricular  ma«;culature,  permitting  the  radial  spread  of 
physiological  acti^'ity.  There  is  no  special  conduction  tissue  in  the  auricle. 
Excitation  and  contraction,  long  separated,  have  again  been  joined  by 
the  work  of  Einthoven  fl)  who  showed  that  the  inter\-al  separating  elec- 
trical and  mechanical  registration  was  shortened  to  the  vardshing  point  by 
great  increase  in  sensiti\-ity  of  the  myocardiograph.  The  spread  of  the 
electrical  events  of  the  auricle  Ls  well  known  and  it  has  been  amply  shown 
that  the  first  portion  of  the  auricle  to  become  electrically  negative  Ls  the 
region  of  the  S-A  node.  Wedd  and  Stroud  (2),  a^ing  the  experiments  of 
LewLs  (3j,  plotted  the  arrival  of  the  excitation  wave  on  the  contour  of  the 
P  wave.  In  the  auricle  the  earliest  point  at  which  actixnty  is  obser\'ed  Ls 
the  sino-auricular  node.  The  P  wave  begins  0.01  seconds  later,  when  there 
Ls  activity  in  the  mid-caval  region  or  in  the  interauricular  band.  The  time 
of  the  left  appendix,  the  latest  point  to  become  active,  falls  on  the  summit 
or  the  plateau  of  P,  interaiediate  points  lying  on  the  upstroke. 

The  normal  human  P  wave  is  always  upright  in  Leads  I  and  II.  In  the 
third  lead  P  may  be  upright,  Isoelectric  or  inverted.  P  is  either  rounded 
or  pointed  or  may  be  sHghtly  bifid.  In  the  study  of  Shipley  and  Hallaran 
(4)  P  was  of  greatest  amphtude  in  lead  II  in  90  per  cent  of  a  normal  series. 
In  the  remaining  10  per  cent  the  greatest  amplitude  was  in  either  lead  I 
or  lead  III.  In  this  series  the  P  wave  varied  from  0.5  mm.  to  2.5  mm.  in 
height.  The  average  measurement  for  men  wa«  1.41  mm.  and  that  for 
women  1.30  mm.  The  limits  of  duration  were  0.08  .second  to  0.12  second 
with  an  average  of  0.09  .second.  There  was  no  demonstrable  correlation 
lietween  the  duration  of  the  P  wave  and  heart  rate.  Xo  instance  was 
encountered  in  which  the  P  wave  was  notched  and  exceeded  2.5  mm. 
in  height  and  0.10  second  in  duration.  The  P  wave  was  inverted  in  5 
per  cent  of  the  records  and  was  .seen  only  in  lead  III.  A  diphasic  P  wave 
appeared  onh-  once  in  lead  II  and  thirty-one  times  in  lead  III.    There  is  a 
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correlation  between  tlic  incidence  of  inverted  P  \va\es  and  of  diphasic  or 
inverted  T  waves  in  lead  III. 

Auricular  T  ware  (Ta).  Between  the  end  of  P  and  the  beginning;  of  the 
(^RS  complex,  the  string  shadow  is  near  the  isoelectric  line  but  is  rarely 
on  the  isoelectric  level  in  all  leads.  This  deviation  is  usually  down  and 
does  not  exceed  0.8  mm.  (Shipley  and  Hallaran).  This  depression  is 
called  the  auricular  T  wa\T  and  is  especially  well  seen  in  the  isolated  auricu- 
lar complexes  of  complete  heart  block.  In  some  instances  P  is  separated 
from  the  amncular  T  wave  by  a  short  isoelectric  segment.  The  auricular 
T  wa\e  represents  repolarization  of  aiu'icular  muscle  and  is  opposite  in 
sign  to  the  P  wave.  Ta  has  a  duration  of  approximately  0.10  .second. 
Shipley  and  Hallaran  found  the  maximum  of  Ta  in  lead  II,  in  which  it 
appeared  in  90  per  cent  of  their  records.  Ta  occurred  in  lead  I  in  55  per 
cent  and  in  lead  III  in  30  per  cent  of  their. records.  It  was  encountered 
most  frequently  in  leads  I  and  II  (50  per  cent),  in  both  leads  II  and  III 
in  17  per  cent  and  in  all  three  leads  in  11  per  cent.  The  combination  of 
Ta  in  leads  I  and  III  was  ne\er  .seen.  The  P-R  level  may  occasionally 
be  elevated. 

Chest  leads.  The  two  leads  in  widest  use  are  4F  and  4R.  In  the  recent 
comparatiA-e  study  of  the  leads  by  Liebow  and  Gushing  (5)  the}^  state  that 
P  in  4R  is  a  po.sitive  deflection  in  97  per  cent  of  the  715  records,  and  a 
negative  deflection  in  0.69  per  cent.  It  is  isoelectric  in  0.69  per  cent  and 
diphasic  in  1.52  per  cent.  Slightly  more  than  95  per  cent  of  the  P  waves 
were  1  mm.  or  more  in  height.  The  maximum  deflection  was  4  mm. 
In  4r  P  was  positive  in  37.2  per  cent,  isoelectric  in  29.2  per  cent,  negative 
in  26.7  per  cent  and  diphasic  in  6.84  per  cent.  Of  the  positive  deflections 
only  27.4  per  cent  were  1  mm.  or  more  in  height.  Only  10.2  per  cent 
of  the  P  waves  in  this  lead  were  both  positive  and  at  least  1  mm.  in  height. 
The  maximum  amplitude  was  2  mm.  In  all  of  the  cases  P  in  4F  was  similar 
to  4R  in  1.39  per  cent  and  P  in  4R  was  exceeded  in  height  by  4F  in  but 
1.39  per  cent.  P  in  4R  was  more  often  positive  and  more  often  larger 
than  P  in  4F.  When  chest  leads  are  taken  in  the  fourth  interspace  to  the 
right  or  left  of  the  sternum  P  may  be  inverted. 

Factors  influencing  tiormal  P  wave.  Influence  of  the  position  of  the  heart 
in  the  body,  as  determined  by  respiration  or  other  factors,  and  of  the 
periodic  shift  of  the  pacemaker  within  the  node  has  l)een  shown  by  Lewis, 
Meakins,  and  White  (6).  The  influence  of  the  extrinsic  cardiac  nerves  on 
the  P  wave  has  been  studied.  Einthoven  (7)  showed  that  section  of  the 
\  agus  in  dogs  produced  an  elevation  of  P.  This  work  was  confirmed  by 
Rothberger  and  Winterberg  (8).  The  latter  also  showed  that  .section  of 
the  accelerator  nerves  was  followed  by  a  decrease  in  the  amplitude  of  P. 

The  P  wave  in  the  esophageal  lead.  In  auricular  esophageal  electrocardi- 
ograms the  outstanding  feature  of  the  P  wave  is  its  polyphasic  form  and  the 
presence  of  an  intrinsic  deflection.    Analysis  of  the  P  wa\e  reveals  that 
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in  some  cases  a  small  wave  precedes  the  P  wave  of  lead  II,  attributed  to 
activation  of  the  sinoauricular  node  by  Brown  (9).  The  clinical  use  of 
esophageal  leads  is  still  of  questionable  value. 

Influence  of  carotid  sinus  -pressure.  Carotid  sinus  pressure  produces 
sinus  slowing,  decrease  in  the  amplitude  of  P,  auricular  standstill,  pro- 
longed auriculo- ventricular  conduction  and  auricular  premature  beats. 

Wandering  'pacemaker  characterized  by  a  variation  in  the  contour  of  P 
from  upright  to  diphasic  and  isoelectric  but  without  changes  in  the  P-R 
interval  is  seen  especially  well  in  lead  III  in  normal  individuals.  This  is 
probable  due  to  a  shift  of  the  pacemaker  from  the  head  to  the  tail  of  the 
sino-auricular  node. 

Vectorcardiogram.  The  movements  of  the  .spot  which  represents  the  P 
and  T  waves  are  very  small  and  their  details  are  lost  in  the  black  area 
surrounding  the  isoelectric  point  f Wilson  and  Johnston  (10)). 

P  wave  in  children.  P  is  slightl>-  higher  in  children  especially  in  lead 
I  (Ashman  and  Hull  (11)).  P  varies  from  0.04  to  0.08  second,  the  average 
duration  being  0.06  second.    Xotching  of  Pi  and  P2  occurs  occasionally. 

Exercise.  The  amplitude  of  P  is  asually  increased  after  exercise,  most 
often  in  lead  III,  then  in  lead  II,  lead  IV  and  in  lead  I  least  often.  With 
exercise  the  P-Q  level  is  depressed  to  a  maximum  of  1  mm.  (Pardee  (12), 
Takenaka  et  al  (13),  and  personal  observations). 

Emotion.  F.  Mainzer  and  M.  Krause  (14)  have  shown  that  P  is  often 
high  and  pointed  just  prior  to  operations.  Bier  (15)  likewise  found  a  high 
P  wave  during  emotional  states. 

Neurocirculatory  asthenia.  F.  Mainzer  and  ^I.  Krau.se  have  described 
high  and  pointed  P  waves  in  this  condition. 

Notching  of  P  wave  is  found  as  an  isolated  finding  and  is  usually  due  to 
the  disease  of  the  auricular  muscle,  either  in  rheumatic  carditis,  in  the  acute 
or  healed  stage,  hyperten.sive  disease,  coronary  artery  disease,  and  syphihtic 
heart  disease.  Toxic  do.ses  of  digitalis  and  of  quinidine  may  also  cau.se 
this  deformity  of  the  P  wave. 

Mitral  stenosis.  The  prominent  P  wave  found  in  mitral  stenosis  is  well 
kno^\'n:  it  is  widened,  notched,  bifid,  or  flat -topped.  It  is  frequently 
greater  than  2  mm.  in  height  and  is  greater  than  0.08  second  in  duration. 
Berliner  and  Master  (16)  .showed  the  large  P  wave  was  due  to  hypertrophy 
of  the  right  as  well  as  the  left  auricle,  whereas  those  cases  with  hypertrophy 
of  the  left  auricle  alone  did  not  have  abnormally  high  P  waves.  Great 
increase  in  the  amplitude  of  P  (3.5  mm.  or  more)  was  accompanied  b}' 
tricuspid  as  well  as  mitral  valve  di.sease.  The  auricular  T  wave  is  prom- 
inent in  mitral  steno.sis. 

Hypertension.  Wood  and  Selzer  (17)  described  a  P  wave  \\-idened,  of 
low  amplitude,  and  frequently  bifid  or  flat-topped.  P  u.sually  measures 
0.12  .second  in  duration  and  rareh'  more  than  1  mm.  in  voltage.  This  type 
of  auricular  wave  occurred  more  frequently  with  increasing  symptoms  of 
heart  failure  and  the  authors  .suggested  that  the  P  wave  changes  were  due 
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to  left  auricular  stress.  Hahn  and  Langendorf  (18)  also  described  ab- 
normal depression  of  the  P-R  segment  in  left  auricular  strain  in  arterial 
hypertension.  They  explained  this  finding  as  the  result  of  arteriosclerosis 
of  the  auricular  arteries,  causing  insufficient  blood  supph'. 

HyperthyroicHsm.  P  is  increased  in  voltage,  frequentlj'  over  3  mm.  in 
height  (Ro.se,  Wood,  and  Margolies  (19) ;  Schmidt  (20))  and  P  is  reduced  in 
amplitude  after  thyroidectomy  (21). 

Hypothyroidism,  on  the  other  hand,  causes  a  reduction  in  the  amplitude 
of  P  (22). 

Coronary  thrombosis.  The  P  wave  is  increased  in  amplitude  and  oc- 
casionalh'  P  is  notched  and  widened.  In  Master's  series  P  was  2  mm.  or 
more  in  some  lead  in  40  per  cent  of  his  cases  of  recent  coronary  thrombosis, 
due  probably  to  distension  of  the  left  auricle  (23). 

Cor  pulmonale.  In  right  ventricular  strain  (and  with  it  right  auricular 
strain  and  dilatation),  the  P2, 3  wave  increa.ses  in  amplitude  and  is  peaked. 
P  has  a  voltage  of  greater  than  2  mm.  and  frequently  a  duration  of  more 
than  0.11  second  (Winternitz  (24)).  This  abnormal  type  of  P,  called 
P-Pulmonale  by  Winternitz,  is  found  in  emphysema,  kyphoscoliosis, 
chronic  bronchiectasis  and  fibroid  tuberculosis,  especialh'  with  signs  of 
cardiac  insufficienc}^  Congenital  heart  disease  with  pulmonic  stenosis 
is  also  responsible  for  this  deformity  of  P.  Nordenfelt  (25)  found  46  cases 
with  a  P-Pulmonale  in  2000  electrocardiograms.  Of  these  there  were  21 
with  no  evidence  of  heart  or  lung  di.sease.  He  ascribed  the  large  P  wave  to 
weakness  of  the  \'egetative  nervous  system  and  did  not  believe  that  it  was 
a  diagnostic  sign  of  high  pressure  in  the  pulmonary  artery. 

Alkalosis  and  acidosis  have  no  effect  on  the  P  wave.  (Personal  observa- 
tions and  curves  of  Barker  et  al.  (26)). 

Acute  nephritis.  Master  reported  P  waves  high,  wide  or  notched,  which 
he  interpreted  as  evidence  of  failure  of  the  left  \  entricle  with  dilatation  of 
the  auricles  (27). 

Auricular  infarction.  In  both  experimental  and  clinical  auricular  in- 
farction changes  have  been  noted  in  both  the  contour  of  the  P  wave  and  of 
the  P-R  interval  (auricular  T  wave)  (28,  29).  The  P  wave  may  be  changed 
in  contour  and  the  P-R  interval  may  be  depressed  or  shortened  (a  less 
frequent  change).  Because  of  the  frequent  normal  depression  of  the  P-R 
level,  this  sign  is  of  doubtful  value  in  the  diagnosis  of  auricular  infarction. 
Of  greater  value  is  the  change  in  auricular  mechanism,  auriculo-ventricular 
nodal  rhythm  or  auricular  fibrillation. 

Congenital  heart  disease.  Large  and  notched  P  waves  are  seen  fre- 
quently, especially  in  lead  II.  This  finding  may  be  due  to  auricular  dilata- 
tion and  hypertrophy  (30). 

Viscerocardiac  reflexes.  Rcissinger  (31)  reported  the  disappearance  of 
P  waves  during  cholecj^stectomy  when  the  traction  was  exerted  over  the 
liver.  Experimentalh^  in  dogs,  nausea  and  vomiting  produced  no  con- 
sistent change  in  the  P  wave  (32) . 


506 


HAROLD  FEIL 


Familial  periodic  paralysis.  Xo  change  in  the  P  wave  was  noted  during 
attacks  or  after  the  administration  of  potassium  (33). 

Effect  of  Drugs.  Atropine.  Cheer  et  al.  (34)  studied  the  effect  of  atro- 
pine in  a  case  of  complete  heart  block  (2  mg.)  and  found  no  change  in 
the  contour  of  P. 

Digitalis.  Digitalis  slows  the  heart  with  regular  sinus  rhj-thm,  but  not 
to  the  degree  seen  in  auricular  fibrillation.  In  addition,  sinus  arrhythmia 
is  frequentlj'  seen.  The  P  wave  is  lowered  in  amplitude,  especially  in  lead 
III  where  P  may  be  inverted.  Experimentally,  Macleod  (35)  found  that 
auricular  systole  was  shortened  by  certain  glucosides  of  the  digitalis  group. 

Ergotamine.  Merke  and  Eisner  (36)  and  Lev  and  Hamburger  (37) 
noted  an  increase  in  the  amplitude  of  P  following  the  use  of  Ergotamine  in 
hy  perthy  roidi  sm . 

Epinephrine.  Levine  et  al.  (38)  noted  the  following  effects  after  in- 
jections of  Epinephrine:  1)  sinus  arrhythmia,  accentuated  or  mitigated; 
2)  premature  auricular  beats  and  3)  A-V  nodal  rhythm  (39) . 

Calciinn.  Harris  and  Levin  (40)  noted  the  reduction  in  the  amplitude 
of  P  and  sinus  bradycardia  following  the  intravenous  injection  of  calcium. 

Potassium.  Harris  and  Levin  likewise  noted  a  lowering  of  P  following 
the  intravenous  injection  of  potassium. 

Quinidine.  Quinidine  cau-ses  a  change  in  the  contour  of  the  P  wave 
increasing  its  duration  and  with  it  prolongation  of  auriculo-ventricular 
conduction.  Auricular  standstill  may  follow  the  termination  of  auricular 
fibrillation. 

Pitressin.  Starr  et  al.  (41)  showed  in  a  chnical  study  that  pitres.sin 
caased  a  diminution  of  the  P  wave  from  2  mm.  to  1  mm.  in  height. 

Hypnotics.  Takenaka  (42)  in  studying  dial,  adalin,  luminal,  and  sul- 
fonal  found  no  consistent  change  either  in  the  P  or  in  the  auricular  T  wave. 

Nicotine,  and  nitroglycerine  cause  no  specific  changes  in  the  P  wave. 

Magnesium  sulphate.  Miller  and  Van  Dellen  (43)  found  that  mag- 
nesium sulphate  administered  intravenously  in  dogs  caused  sinus  tachy- 
cardia and  increase  in  the  voltage  of  P.  Zwillinger  (44),  on  the  other  hand, 
found  no  change  in  the  P  wave  either  experimentally  in  animals  or  in  man 
after  intravenous  injection  of  10  cc.  of  25  per  cent  magnesium  sulphate  but 
observed  a  prolongation  of  the  P-R  inter^■al  during  the  stage  of  parah'sis 
relieved  by  injection  of  potassium. 

Insulin  shock  is  frequently  associated  with  increased  amplitude  of  Po.  3. 
Inversion  of  P  in  leads  II,  III  and  IV  is  also  found  (45). 

Metrazol  induced  convulsions  may  produce  auricular  extrasystoles  and 
slow  auriculo-ventricular  nodal  rhythm. 

Electrically  induced  convulsions  cause  httle  or  no  change  in  the  P  wave . 
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Soon  after  the  introduction  of  the  sulfonamides,  it  was  painfully  brought 
home  to  physicians  that,  despite  their  sovereign  therapeutic  virtues  in 
man}-  infections  of  the  urinary  tract,  these  drugs  possess  powerful  nephro- 
toxic potentialities.  Damage  to  the  renal  parenchyma  and  obstruction 
to  the  flow  of  urine  b}-  masses  of  crystals  rank  among  the  more  redoubtable 
accidents  of  sulfonamide  therapy  even  in  individuals  without  antecedent 
renal  disease.  Renal  complications  have  been  yet  more  feared  when  these 
drugs  are  called  for  in  a  patient  with  previously  diseased  kidneys  or  in 
whom  the  infection  has  impaired  renal  function.  In  the  latter  circum- 
stances there  has  also  been  fear  of  retention  with  resultant  overdosage. 
Nevertheless,  the  danger  from  an  infection  may  be  so  great  that  judicious 
evaluation  of  the  comparative  risks  of  the  primary  disease  and  the  drug 
indicates  sulfonamide  treatment  even  in  the  pre.sence  of  severel}'  damaged 
kidneys. 

The  ca.se  reported  here  illustrates  the  successful,  probably  life-saving, 
action  of  sulfathiazole  in  lobar  pneumonia  in  a  girl  with  long-standing 
azotemia  due  to  chronic  pyelonephritis. 

CASE  REPORT 

History  (Adm.  467696).  -A.  schoolgirl,  aged  13  years,  was  seen  first  August  4,  1938. 
Her  illness  had  set  in  insidioush'  about  18  months  before  with  weakness  and  pallor. 
These  symptoms,  which  persisted,  were  attributed  to  nephritis  because  of  the  con- 
stant finding  of  protein  and  formed  elements  in  the  urine.  There  was  no  history  of 
swelling. 

The  initial  examination  revealed  no  palpable  edema.  The  blood  pressure  was 
140  systolic  and  102  diastolic.  The  heart  was  not  enlarged.  The  kidneys  were  not 
palpable  or  tender.  Ophthalmoscopic  examination  disclosed  that  the  retinal  arte- 
rioles were  constricted  and  probably  sclerotic.  The  urine  was  cloudy  and  contained 
"three-plus"  protein.  The  sediment  was  dominated  by  numerous  white  blood  cells, 
some  of  which  were  clumped.  There  were  moderate  numbers  of  hyaline  and  granular 
casts,  more  numerous  renal  epithelia,  and  between  3  and  10  red  blood  cells  per  high 
power  field  of  the  sediment  of  the  centrifuged  urine.  The  blood  contained  58  per  cent 
hemoglobin  and  32  mg.  per  cent  urea  nitrogen.  The  concentration  test  revealed  a 
maximum  specific  gravity  of  1.017. 

The  clinical  picture  remained  monotonouslj'  unchanged.  The  anemia  persisted; 
liver  and  iron,  as  is  characteristic  of  azotemic  anemia,  had  no  definite  effect.  There 
was  always  azotemia  of  moderate  degree  (urea  nitrogen  22  to  40  mg.  per  cent).  Con- 
centrating ability  remained  impaired.  Proteinuria  was  always  present  and  the  sedi- 
ment invariably  contained  large  numbers  of  white  blood  cells.    The  blood  pressure 
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varied  between  140  systolic  and  100  diastolic  and  150  systolic  and  110  diastolic. 
There  was  never  palpable  edema.  Because  of  the  persistent  pyuria  it  was  felt  that 
the  diagnosis  was  almost  surely  chronic  pyelonephritis  rather  than  glomerulo- 
nephritis. 

About  a  week  before  entering  the  hospital,  the  patient  developed  an  upper  respira- 
tory infection.  Two  days  before  admission  she  became  feverish  and  began  to  cough. 
The  cough  was  but  slightly  productive  of  sputum,  which  was  not  bloody,  and  was 
followed  by  vomiting.  The  night  before  admission  the  temperature  rose  to  105°F. 
and  she  had  a  severe  shaking  chill.  Vomiting  was  verj^  severe.  I  saw  her  that 
night;  physical  examination  elicited  only  slight  dullness  and  perhaps  somewhat 
feeble  breath  sounds  at  the  left  base. 

She  was  admitted  to  the  Semi-Private  Pavilion  of  The  Mount  Sinai  Hospital 
January  10,  1941.  Physical  examination  revealed  classical  signs  of  consolidation  of 
the  left  lower  lobe:  extreme  dullness  from  the  eighth  rib  down  posteriorly  and  bron- 


January  10  U  12  13  " 

Ch.\rt  1.  The  temperature  for  the  first  five  days  is  shown.  Each  arrow  indicates 
the  administration  of  1  gram  of  sulfathiazole. 

chial  breath  and  voice  sounds  without  rales.  The  blood  examination  showed:  67  per 
cent  hemoglobin;  3,450,000  red  cells;  62,000  white  cells,  of  which  30  per  cent  were 
segmented  polj^morphonuclear  leucocytes,  61  per  cent  non-segmented  poljTnorpho- 
nuclear  leucocj-tes,  8  per  cent  IjTnphocytes,  and  1  per  cent  monocytes.  The  non- 
protein nitrogen  of  the  blood  was  100  mg.  per  cent.  The  sputum  contained  Type  I 
pneuraococci.  Vomiting  was  severe.  The  respiratory  rate  on  admission  was  28  and 
the  pulse  rate  124  per  minute. 

The  course  of  the  temperature  for  the  first  five  days  is  shown  on  the  chart.  Each 
arrow  indicates  the  administration  of  1  gram  of  sulfathiazole,  although  it  is  probable 
that  some  of  the  second  dose  was  lost  by  vomiting.  The  fall  in  temperature  was 
accompanied  by  subjective  improvement,  slowing  of  the  pulse  and  respiratory  rates 
to  normal,  fall  of  the  strikingly  high  leucocj'tosis,  and  the  usual  physical  signs  of 
resolution. 

January  14,  the  sulfathiazole  content  of  the  blood  was  11  mg.  per  cent;  January  20, 
the  sulfathiazole  in  the  blood  was  still  6  mg.  per  cent. 

January  18,  the  temperature  again  started  to  rise  and  January  19  and  20  it  reached 
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103°F.  X-ray  examination  showed  persistence  of  the  consolidation  in  the  left  lower 
lobe  but  no  evidences  of  fluid.  Three  1  gram  doses  of  sulfathiazole  were  given  in 
the  next  21  hours.  The  temperature  returned  to  normal  and  this  time  remained 
down.  The  consolidation  gradually  cleared.  The  patient  was  discharged  feeling 
as  well  as  before  the  pneumonia  and  has  remained  in  the  same  condition  to  the 
present. 

The  azotemia  is  shown  by  the  following  figures: 


DATE 

NPN  (MQ.%) 

UREA  N  (MG.%) 

1/10/41 

100 

1/13/41 

76 

1/18/41 

62 

1/23/41 

55 

2/  3/41 

55 

2/13/41 

70 

2/24/41 

42 

The  urinary  findings  during  the  pneumonia  were  essentially  unchanged  from  those 
described  as  present  before.  The  pyuria  persisted.  Crystals  of  acetylated  sulfathi- 
azole were  not  seen  on  any  of  the  many  examinations.  The  urinary  volume  was  low 
at  first  (vomiting),  but  when  fluids  were  forced  it  rose  to  as  much  as  1860  cc.  on 
January  15  and  the  same  on  January  16. 

Summary.  \  girl  with  long-standing  renal  insufficiency  and  azotemia  due  to 
chronic  pyelonephritis  developed  lobar  pneumonia.  The  temperature  fell  to  normal 
after  the  administration  of  less  than  3  grams  of  sulfathiazole.  A  recrudescence  of 
the  pneumonia  nine  days  later  f|uiekly  receded  after  3  grams  more  of  sulfathiazole. 
Three  days  after  4  grams  of  sulfathiazole  had  been  given  the  sulfathiazole  content  of 
the  blood  was  11  mg.  per  cent:  10  days  after  this  dosage  it  was  still  6  mg.  per  cent. 

DISCUSSION 

Renal  insufficiency  may  conceivably  modify  three  of  the  mechanisms  by 
which  the  sulfonamides  produce  undesirable  side-effects: 

1)  Precipitation  of  the  relatively  insoluble  acetylated  sulfonamides  at  any 
point  in  the  urinary  passages  from  Bowman's  capsule  to  the  urethra.  Such 
precipitation  may  produce  hematuria,  renal  colic,  or  obstructive  oliguria 
or  anuria.  The  precipitation  is  due  to  the  presence  in  the  urine  of  the 
acetylated  sulfonamide  in  concentration  higher  than  can  be  retained  in 
solution.  This  occurs  because  the  tubule  is  able  to  concentrate  the  acetj'l 
sulfonamides  far  above  the  concentration  in  the  plasma,  even  to  more  than 
a  hundred  times  the  blood  level.  Now,  the  common  varieties  of  renal 
insufficiency,  other  than  the  uncomplicated  impairment  of  filtration  that 
occurs  in  acute  glomerulonephritis  and  shock,  are  all  characterized  by 
diminished  concentrating  ability  as  a  result  of  tubular  damage.  This 
diminished  concentrating  ability  extends  to  all  the  urinary  constituents 
and  doubtless  includes  the  sulfonamides.  It,  therefore,  seems  highly 
probable  that  renal  insufficiency  diminishes  rather  than  increases  the  risk 
of  precipitation  of  the  .'sulfonamides  in  the  urinary  pa.ssages. 
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2)  Damage  to  the  renal  parenchyma  by  the  sulfonamides.  On  rare  oc- 
casions the  sulfonamides  produce  renal  damage  by  some  mechanism  other 
than  the  precipitation  of  crj'stals  in  the  urinary  passages,  i.e.,  they  are 
directly  nephrotoxic.  Several  instances  have  been  observed  in  which 
renal  function  became  impaired  during  the  administration  of  a  sulfon- 
amide in  the  absence  of  hematuria,  and  in  which  discontinuance  of  the 
drug  was  followed  by  impro^^ement  of  the  kidneys.  I  have  seen  at  least 
four  such  instances  due  to  sulfathiazole  in  which  uremia  resulted  and  in 
which  the  outcome  was  fatal.  In  none  was  there  any  evidence  that 
precipitation  of  crystals  played  a  part.  In  one  there  was  a  necropsy,  which 
revealed  only  uncharacteristic  renal  damage  with  regressive  tubular  lesions ; 
there  was  evidence  of  neither  obstruction  by  conglutinated  crystals  nor 
glomerulo-nephritis.  It  remains  to  be  studied  whether  .such  direct  chem- 
ical damage  to  the  kidneys  b}^  .sulfonamides  is  favored  by  previous  impair- 
ment of  renal  function;  the  latter  was  not  present  in  any  of  the  cases  that 
I  observed. 

3)  Effects  due  to  action  of  the  sulfonamides  on  organs  other  than  the  kidneys. 
Sulfanilamide  is  excreted  almost  quantitatively  (over  90  per  cent  most 
often)  in  the  urine;  sulfathiazole  and  sulfapyridine  are  also  eliminated 
predominanth',  though  not  as  nearly  exclusively,  in  the  urine.  One 
would,  therefore,  anticipate  that  impairment  of  renal  function  would 
result  in  a  higher  blood  level  of  sulfonamide  from  a  given  dose,  and  that  the 
drug  would  remain  longer  in  the  organism  when  kidnej'  function  is  poor. 
These  surmises  have  been  borne  out  by  actual  experience ;  Long  and  BlLss 
(1)  Bensley  and  Wilen  (2),  and  others  have  found  that  in  anuric  patients 
or  those  with  severeh'  depressed  renal  function  the  sulfonamide  level  falls 
but  slowly.  Furthermore,  it  has  been  found  that  with  a  longer  stay  in  the 
bod}^  due  to  poor  renal  function,  a  progressiveh-  higher  fraction  of  the  sul- 
fonamide in  the  blood  becomes  conjugated  to  the  inactive  acetyl  compound 
(Stewart,  Rourke  and  Allen  (3);  Bro\\'n,  Thornton  and  Wilson  (4)). 

These  principles  were  exemplified  in  the  case  described  above.  The 
slow  excretion  of  sulfathiazole  in  renal  insufficiency  resulted  in  the  blood 
level  of  11  mg.  per  cent  3  days  after  and  6  mg.  per  cent  10  days  after  the 
administration  of  onh'  4  grams  of  the  drug.  The  dramatic  thei'apeutic 
response  with  fall  in  temperature  to  normal  after  only  3  grams  of  sulfathi- 
azole was  doubtless  favored  by  the  larger  amount  of  the  drug  in  the  organ- 
ism due  to  negligible  excretion  in  the  urine.  The  recrudescence  of  the 
pneumonia  after  9  days  when  the  blood  sulfathiazole  level  was  still  over 
6  mg.  per  cent  is  plau.sibly  accounted  for  by  progressive  acetylation  and 
consequent  inactivation  of  the  sulfathiazole  during  its  long  stay  in  the 
body;  unfortunately,  no  partition  of  the  blood  sulfathiazole  into  free  and 
conjugated  fractions  was  carried  out.  The  absence  of  any  effect  on  the 
pj'uria  while  the  pneumonia  was  so  strikingly  improved  is  in  good  accord 
with  the  low  concentration  of  sulfathiazole  in  the  urine  and  the  high  blood 
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level  that  result  from  renal  insufficiency.  Likewise,  the  absence  of  acetyl- 
atcd  sulfathiazolc  crystals  from  the  urine  is  doubtless  also  explained  by  the 
low  concentration  of  the  urine. 

CONCLUSIONS 

In  the  presence  of  renal  insufficiencj',  persistentl}-  high  blood  levels  and 
striking  therapeutic  effects  maj'  be  obtained  from  very  small  doses  of  the 
sulfonamides. 

However,  relap.se  of  the  infection  (pneumonia  in  the  case  liere  reported) 
may  occur  while  the  blood  level  of  total  sulfonamide  is  still  high.  This  is 
probably  largely  due  to  progressive  acetylation  and  consequent  inactiva- 
tion  of  the  sulfonamide  retained  so  long  in  the  organism. 

Because  of  the  low  concentration  of  the  urine  formed  in  chronic  renal 
insufficiency,  the  high  blood  level  is  maintained  despite  far  larger  urinary 
volumes  due  to  forcing  of  fluids  than  is  the  case  with  unimpaired  kidneys. 

The  low  concentration  of  the  urine  in  renal  insufficiency  also  renders 
massive  precipitation  of  acetyl  sulfonamide  crystals  less  Ukely. 
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THE  ESTROGENIC  REACTION  IN  ADRENAL  CORTICAL 

CARCINOMA 


ROBERT  T.  FRANK,  M.D. 
[F rom  the  Endocrine  Research  Laboratory  of  The  Mount  Sinai  Hospital,  Xew  York  City] 

Seven  years  have  elapsed  since  I  first  made  the  observation  that  in 
adrenocortical  carcinoma  an  excess  of  estrogenic  substances  may  be  ex- 
creted in  the  urine  (1).  This  observation  was  based  on  two  cases.  Three 
years  later  I  again  called  attention  to  this  readily  elicited  reaction  (2) 
reporting  two  additional  cases.  At  present  six  more  cases  can  be  recorded 
of  which  one  gave  a  false  negative  test.  During  these  seven  years,  an 
increase  in  our  knowledge  has  taken  place  and  many  questions  of  interest 
have  arisen,  some  of  which  will  be  taken  up  in  this  communication. 

Cushing's  concept  of  the  so-called  "basophilic  syndrome"  (3)  focussed 
renewed  attention  upon  a  group  of  patients  whom  Bulloch  and  Sequeira 
(4)  first  described  in  1905.  RoUeston  (5)  gave  a  masterh^  description  of 
the  condition  in  1925. 

Investigation  has  shown  that  contrary  to  Cushing's  concept,  basophilic 
adenomata  are  a  freciuent  finding  and  usually  without  clinical  significance 
(6).  Statistics  demonstrate  that  the  vast  majority  of  the  syndrome  pa- 
tients harbor  an  adrenal  cortical  carcinoma  or  adenoma  (7).  Occasionally 
cortical  hyperplasia,  probably  overlooked  in  the  earlier  reports,  causes  the 
symptoms.  Some  evidence  obtains  that  an  increase  of  basophilic  cells  in 
the  adenohypophysis  may  result  secondarily  from  adrenocortical  disease, 
and  thus  merely  form  part  of  the  many  bodily  changes. 

Clarification  of  our  knowledge  of  the  functions  of  the  adrenal  cortex 
throws  much  light  upon  the  symptomatology.  Several  of  the  adrenal 
steroid  hormones  have  been  isolated  in  crystalline  form  (8)  permitting  an 
accurate  pharmacological  analysis  of  their  actions  (9)  both  on  animals  and 
upon  human  subjects.  Likewise  in  standardizing  their  dosage,  excess 
.symptoms  have  been  produced  inadvertently,  which  in  some  instances 
temporarily  have  reproduced  some  of  the  manifestations  observed  in  the 
adrenocortical  syndrome  (A.C.S.). 

Desoxycorticosterone,  in  adequate  dosage  causes  increase  in  the  sodium 
and  chlorides  of  the  blood;  diminution  in  potassium,  urea  and  non-protein 
nitrogen.  The  effect  on  the  calcium  is  less  clearly  understood.  Ap- 
parently calcium  is  withdrawn  from  the  bones  with  consequent  decalcifica- 
tion, but  Albright's  explanation  (10)  that  the  decalcification  may  be  due 
to  lack  of  estrogens  is  not  borne  out  by  my  observations.  Desox^'corti- 
costerone  likewise  elevates  the  blood  pressure. 
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The  cortical  steroids  are  closely  related  in  structure  to  the  sex  hormones 
and  several  manifest  in  addition  to  their  cortical  action,  estrogenic  progesta- 
tional and  androgenic  qualities  (11).  Both  in  the  normal  and  diseased 
individual,  male  and  female  sex  hormones  are  elaborated  in  the  two  sexes, 
possibly  as  part  of  the  excretory  metabolism,  but  certainh*  in  sufficient 
amount  to  play  some  role  in  the  economy.  If  the  production  is  excessive, 
clinical  manifestations  may  appear. 

The  male  factors  (isolated  from  the  urine  in  the  form  of  androsterone, 
and  dehydroisoandrosterone,  in  excess,  cause  hirsutes,  acne,  enlargement  of 
the  clitoris;  the  female  factors  in  excess  cause  amenorrhea  (as  in  pregnancy), 
perhaps  plethora  (12). 

The  chemical  constitution  of  the  secreted  and  excreted  estrogens  has  not 
been  clarified  in  the  normal  male  and  female,  certainly  not  in  the  A.C.S., 
although  Marxian  (13)  has  isolated  at  least  one  aljnormal  steroid  in  this 
condition  (pregnane  3-17-20  triol). 

It  might  be  anticipated  that  if  androgen  only  were  produced  in  excess 
that  masculinization  would  develop,  or  that  if  the  estrogens  alone  were 
predominant,  femininization  would  result.  Actually  both  factors  have 
been  found  in  larger  amounts  than  normal  in  some  of  the  carefully  studied 
cases.  Consequently  the  A.C.S.  manifests  itself  in  addition  to  the  adrenal 
symptoms  as  a  mixed  picture  of  bisexual  over-function. 

The  excess  excretion  of  androgens  first  described  by  Callow  (14),  has 
been  repeatedly  confirmed  (15).  I  first  drew  attention  to  excess  estrogenic 
excretion  in  cortical  carcinoma  (1934  (1);  1937  (2)).  This  observation 
now,  has  been  made  on  eight  cases  confirmed  by  operation  or  autopsy.  In 
cortical  adenoma  and  in  cortical  hyperplasia  this  excess  was  not  demon- 
strable. While  this  excess  has  been  confirmed  by  other  observers  (16)  in 
some  patients,  it  has  been  foimd  absent  in  others.  As  the  test  is  simple 
and  easily  applied,  this  seems  to  signify  that  variations  may  occur  and  that 
•^tudy  of  a  larger  material  might  be  of  value. 

Furthermore,  it  would  seem  worthwhile  to  collect  from  the  literature 
a  large  group  of  cases  in  which  sex  titres  by  reliable  investigators  have  been 
obtained  and  in  this  collective  group  to  analyze  the  symptoms.  By  this 
means,  the  part  actually  played  by  the  male  and  female  factors  should  be- 
come more  apparent.  It  is  readily  understandable  that  the  interplay  of 
two  variable  factors  might  produce  an  infinite  variety  of  .systemic  changes. 
The  symptoms  associated  with  the  A.C.S.  are  moonface,  abdominousness, 
high  blood  pressure,  hirsutes,  pink  striae,  plethora,  decalcification,  irrespec- 
tive of  sex,  and  in  the  female,  amenorrhea  or  oligomenonhea  and  enlarged 
clitoris;  in  the  male,  impotence. 

The  test  is  simple  and  is  based  on  the  demonstration  of  excess  amounts 
of  estrogen  or  of  steroids  with  estrogenic  properties,  present  in  the  fresh 
lu-ine.  I  have  found  that  neither  acid  nor  Ijacterial  hydrolysis  materially 
affects  the  titre.    Therefore,  if  the  potent  substances  are  normal  estrogens. 
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this  would  signify  that  they  are  present  in  the  uncombined  form.  As  3'et 
we  are  in  no  position  to  affirm  this  view  because  the  chemical  nature  and 
physiological  action  of  the  .substance  or  substances  present  is  unkno^ra. 

The  test  was  described  fully  in  1937  (2).  "The  performance  of  the 
test  is  extremely  simple.  A  fresh  specimen  of  urine  is  obtained.  Of  this 
a  total  of  1  and  2  cc.  is  injected  subcutaneously  in  five  divided  doses  spread 
over  forty-eight  hours  into  adult  castrated  mice  (0.2  cc.  x  5;  0.4  cc.  x  5). 
After  completion  of  the  mjections,  the  vaginal  spreads  are  examined  three 
times  daily  for  three  succeeding  days.  A  positive  estrogenic  reaction 
manifests  itself  by  the  change  of  the  vaginal  spreads  from  leucocytes 
to  cornified  epithelial  cells.    In  everj-  case  the  urine  must  likewise  be  tested 


TABLE  I 

Negative 


NO. 

9 

Hirsutes,  obesity,  high  blood  pressure,  striae  

27 

23 

4 

Hirsutes  and  obesity  

8 

8 

Hirsutes,  severe  

34 

31 

3 

Obesity  

10 

9 

1 

Hirsutes  and  amenorrhea  

17 

17 

Hypertension  

8 

8 

Abdominal  malignancy  

9 

6 

3 

Tumor  of  lung  

5 

5 

Grawitz  tumor  kidney  

4 

4 

Pubertas  precox  

3 

1 

2 

Cortical  adenoma  adrenal  

3 

3 

Pseudohermaphrodite  

2 

1 

1 

Varia  

25 

24 

1 

Adrenocortical  carcinoma  (uremia)  

1 

1 

160 

132 

28 

either  by  the  Friedman  or  by  the  Aschheim-Zondek  technic.  The  preg- 
nancy test  must  be  negative  if  any  conclusions  are  to  be  drawn." 

The  pregnancy  test  must  be  performed  both  on  males  and  females  as  a 
chorionepithelioma  in  the  male  could  produce  a  high  estrogenic  reaction  in 
the  urine,  and  pregnancy  in  the  female  would  have  a  similar  effect. 

Up  to  the  present,  169  tests  have  been  performed  on  a  great  vai'iety  of 
patients.  Of  these,  160  were  negative,  including  one  false  negative,  and  10 
were  positive  with  2  false  positives.  There  were  in  addition  2  weak  posi- 
tives (with  2.5  cc.  of  urine)  both  of  which  were  false. 

The  negative  reactions  were  obtained  on  a  wide  range  of  cases  readily 
visualized  in  Table  I. 

Of  the  160  negative  tests,  36  were  on  individuals  highly  suspect  in  the 
eyes  of  numerous  trained  observers.  They  included  28  cases  which  em- 
bodied many  of  the  symptoms  ascribed  to  A.C.S.    One  case,  to  be  dis- 
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cussed  in  detail,  actually  proved  to  be  adrenocortical  carcinoma  (in  terminal 
uremia).  None  of  these  cases,  with  the  one  exception,  have  as  far  as 
known,  developed  carcinoma  of  the  adrenal.  The  124  other  cases  serve 
as  controls. 

The  single  false  negative  was  a  woman  who  showed  all  the  cardinal  symp- 
toms of  A.C.S.,  including  a  lumbar  tumor.  Her  age  was  forty-nine  years 
(in  the  menopause);  she  was  admitted  in  terminal  uremia,  the  blood  urea 
nitrogen  rising  from  40  to  100  mg.  per  100  cc.  Whether  the  menopause 
which  us'ually  is  accompanied  by  marked  diminution  of  estrogen,  plays  a 
role  (although  most  investigators  now  ascribe  the  rise  of  sex  hormones  in 
the  A.C.S.  to  adrenal  cortical  oversecretion)  or  whether  defective  excretion 
of  estrogen,  due  to  the  uremia  was  causative  (against  which  stands  the 
fact  that  the  androgenic  excretion  was  excessive,  85  I.U.  in  24  hours)  must 
remain  unanswered. 

The  10  positive  reactions  are  recorded  in  Table  II.  They  include  8  pa- 
tients with  adrenal  cortical  carcinoma  (operation  or  autopsy),  one  with 
malignant  Grawitz  tumors  of  both  kidney  and  ovary,  with  lung  metastases 
and  one  with  generalized  hTnphosarcomatosis. 

Weak!}-  positive  reactions,  i.e.  with  2.5  cc.  of  urine  were  obtained  on  two 
patients,  one  with  genital  macrosomia,  male  six  years  of  age  who  has  re- 
mained well  for  five  years,  and  one  congenital  internal  hydrocephalus. 

In  the  adrenal  carcinoma  patients  the  amount  of  estrogenic  potency  per 
liter  varied  greatly  in  different  patients  and  somewhat  in  different  speci- 
mens from  the  same  patient.  In  two  patients  an  equivalent  of  13,000  I.U. 
(estrone)  per  liter  was  found  (one  male  with  recurrence  ten  years  after 
operation,  one  female).  The  lowest  titre  was  1000  I.U.  per  liter  in  two 
patients.  The  generalized  lymphosarcomatosis  showed  only  500  I.U. 
per  liter;  the  macrosomia  as  well  as  the  hydrocephalus  only  400  I.U.  per 
liter. 

In  three  patients  with  adrenal  cortical  carcinoma  blood  samples 
showed  no  exce-ss  of  estrogen.  The  adrenal  tumors  contained  compara- 
tively little  estrogenic  material,  a\eraging  1  I.U.  per  5  g.  of  fresh  tissue. 
The  post  mortem  bile  from  one  patient  assayed  one  I.U.  to  0.2  cc,  or  5000 
I.U.  per  liter  which  is  high.  In  this  patient  the  liver  substance  as  well  as 
the  liver  metastases  contained  one  unit  per  0.1  g. 

Of  interest  is  the  fact  that  none  of  the  many  ca.ses  of  hirsutes,  86,  whether 
simple  or  accompanied  by  one  or  more  of  the  syndrome  hallmarks,  gave  a 
positive  reaction.  A  negative  reaction  was  noted  in  the  three  cases  of 
proved  (operation)  adrenal  adenomas. 

Based  upon  these  data  it  appears  justified  to  concede  considerable 
importance  to  the  estrogenic  reaction  for  diagnosis  of  adrenocortical  car- 
cinoma. A  positive  reaction  (with  1  cc.  or  le.'^s  of  urine)  if  accompanied  by 
a  lumbar  mass  or  visualization  of  an  enlarged  adrenal  by  jjerirenal  insuffla- 
tion, warrants  a  positive  diagnoses  of  adrenocortical  carcinoma. 
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Reactions  produced  b.v  2  cc.  of  urine  (500  I. XT.  per  liter)  should  be  re- 
garded as  suspicious  and  warranting  exploration  of  the  adrenals  if  a  lumbar 
mass  and  concomitant  symptoms  are  present. 

A  repeatedly  negative  test  in  a  patient. with  symptoms  of  A.C.S.,  with 
positive  perirenal  insufflation  test,  favors  the  diagnosis  of  adenoma  or 


TABLE  2 


LAB. 
NO. 

AGE 

LESION 

OP. 

P.M. 

TITEK 

LITER 

OTHER  ORGANS 



2704 

9 

36 

A.C.C. 

— 

+ 

0.075 

13,300 

Bile  0.2 

Hydr.  urine  0.75 

3005 

9 

19 

A.C.C. 

— 

+ 

0.2 

5,000 

Adr.  t.  0.3 

Blood  40  cc.  =  4 

or       1 1  \7t^  V 

g.,  liver 

0.1 

3256 

9 

36 

A.C.C. 

+ 

1.0 

1,000 

Well 

3876 

9 

35 

A.C.C. 

+ 

+ 

0.1 

10,000 

Adr.  t.  3g., 

Blood  10  cc.  =  0 

psoas  2.5 

(r 

4583 

9 

36 

A.C.C. 

+ 

0.4 

2,500 

o  • 

Hydr.   urine  1.5 

cc.  M.S.H.  103/ 

4615 

59 

A.C.C. 

+ 

0.075 

13,300* 

Male     S.H.  77 

I.U./24  hours 

4716 

9 

23 

A.C.C. 

+ 

1.0 

1,000 

Lung  metast. 

urine   again  1 

cc.  M.S.H.  119 

4879 

9 

28 

A.C.C. 

+ 

0.8 

1,250 

False  positives 


4229 

9 

42 

Malign . 

+ 

0.75 

1,330 

Pulm.  met. 

Grawitz 

kid.  &  ov. 

4628 

cf 

39 

Gen.  lymph- 

+ 

+ 

2.0 

500 

sarcomat. 

4218 

cf 

6 

Hypergeni- 

2.5 

400 

M.S.H.  2.0/24 

talism 

3470 

cf 

13 

Cong.  int. 

2.5 

400 

hydroceph. 

False  negative 

4834 

9 

49 

Adr.  cort.  ca. 

+ 

<250 

M.S.H.  85/24 

uremia 

Urea?  uremia 

adrenal  hyperplasia.  If  both  these  tests  (estrogenic  and  perirenal  insuffla- 
tion) prove  negative,  watchful  waiting  is  advised. 

Finally,  it  must  be  conceded  that  all  the  .symptoms  of  the  A.C.S.  may 
result  from  pituitary  or  thymic  neoplasms  (see  Oppenheimer  and  Silver 
(17))  and  that  a  positive  estrogenic  reaction  has  been  obtained  in  other 
conditions  than  adrenal  cortical  carcinoma.  ^ly  interpretation  of  this  is 
that  symptoms  and  reaction  are  due  to  stimulation  of  the  adrenal  cortex 
by  the  underlying  disease. 
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Coarctation  of  the  aorta  is  a  form  of  congenital  heart  disease  of  special 
interest  because  of  increasing  clinical  recognition  and  the  fact  that  many 
patients  reach  adult  life.  The  mechanism  underlying  coarctation  of  the 
aorta  is  still  obscure  and  in  dispute.  The  numerous  theories  suggested 
either  fail  to  accord  with  the  facts  or  leave  important  observations  unex- 
plained. The  purpose  of  this  report  is  to  offer  a  new  theor\%  which  is  in 
greater  harmony  with  the  known  data. 

CLASSIFICATION  OF  COARCTATION  OF  THE  AORTA 

Coarctation  of  the  aorta  refers  to  a  congenital  constriction  or  atresia  of 
the  aortic  arch  in  any  of  its  portions,  but  usually  in  the  descending  part 
between  the  origin  of  the  subclavian  artery  and  the  region  of  insertion  of 
the  ductus  arteriosus.  Since  Bonnet's  (1)  classic  paper  in  1903,  cases  of 
coarctation  of  the  aorta  have  been  divided  into  the  two  major  categories, 
infantile  and  adult.  These  arbitrary  terms  were  employed  because  the 
former  category  usually  represented  the  newborn  or  infants  less  than  one 
year  of  age,  while  the  latter  occurred  in  children  and  adults.  But  the 
terms  were  inadequate  because  these  two  categories  of  cases  were  distin- 
guishable by  more  important  clinical-pathologic  features  and  because  the 
age  distinction  led  to  inclusion  of  one  type  of  ca.se  with  those  of  the  other. 
Thus,  subjects  with  characteristics  of  the  so-called  infantile  coarctation 
not  rarely  lived  into  childhood  and  occasionally  into  adult  life.  Con- 
versely, subjects  with  the  adult  type  of  coarctation  maj''  die  in  early 
infancy  of  some  associated  or  intercurrent  disease. 

There  are,  however,  two  apparently  different  groups  of  cases  of  coarcta- 
tion which  correspond  usually  to  the  infantile  and  adult  forms  of  Bonnet 
and  which  are  distinguished  by  the  following  features: 


IKFAMTILE 

ADUI.T 

1.  Site  of  coarctation  

Above  ductus 
Open 

Frequent,  major 
Absent 

At  or  just  below  ductus 
Closed 

Major  anomalies  rare 
Minor  anomalies  frequent 
Present 

2.  Ductus  arteriosus  

3.  Associated  anomalies  

4.  Collateral  circulation  
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These  and  other  differences  lead  to  a  sharp  division  of  cases;  if  the  terms 
infantile  and  adult  are  retained,  classification  of  individual  cases  should 
be  made  on  the  basis  of  these  features  and  not  merely  on  the  basis  of  the 
patient's  age.  Any  theory  as  to  the  occurrence  of  coarctation  of  the  aorta 
must  account  for  this  sharp  division  of  cases  and  for  each  of  the  distinguish- 
ing features  of  the  two  groups.  These  features  will  be  discussed  in  detail 
in  connection  with  the  theory  to  be  proposed. 

PREVIOUS  THEORIES  OF  PATHOGENESIS  OF  COARCTATION  OF  THE  AORTA 

Two  general  theories  may  be  distinguished,  one  of  which  interprets 
coarctation  of  the  aorta  as  an  early  developmental  or  prenatal  anomalj^ 
and  the  other  as  a  postnatal  defect  related  to  closure  of  the  ductus  arte- 
riosus. The  prenatal  developmental  theory,  first  suggested  by  Rey- 
naud  (2)  in  1828  and  amplified  by  Rokitansky  (3)  in  1844,  assumes  that 
coarctation  arises  in  the  second  month  of  life  when  the  embryonic  arches 
are  undergoing  involution  and  are  being  converted  into  the  adult  aorta, 
pulmonary  arteiy  and  their  branches.  The  coarctation  represents,  accord- 
ing to  Loriga  (4)  and  others,  a  defect  in  the  development  of  the  descending 
limb  of  the  primitive  left  aorta,  w-hich  joins  the  left  fourth  aortic  arch  with 
the  left  fifth  and  sixth  arches.  The  chief  evidence  for  this  theory  is  the 
frequent  association  of  numerous  other  anomalies  such  as:  interauricular 
and  interventricular  septal  defects,  transposition  of  the  vessels,  and  dis- 
turbances in  the  branches  of  the  aortic  arch.  While  these  occur  predomi- 
nantly in  Bonnet's  infantile  group,  some  of  the  same  defects,  particularly 
anomalies  in  branches  of  the  aortic  arch,  occur  in  both  the  infantile  and 
adult  groups. 

The  postnatal  ductus  theory  was  proposed  to  explain  two  important 
observations.  Fii-st,  in  the  cases  representing  Bonnet's  adult  group,  the 
coarctation  of  the  aorta  was  a  sharp,  ligature-like  localized  constriction 
situated  at  the  exact  site  of  attachment  of  the  ductus  arteriosus  which  was 
almost  always  closed,  or  inmiediately  below  this  site.  Second,  this  par- 
ticular form  of  coarctation  was  never  seen  in  fetuses.  Craigie  (5),  in  1841, 
first  suggested  that  "the  obliterating  action,  which  had  taken  place  in  the 
ductus  arteriosus,  had  been  for  some  peculiar  cause  prolonged  into  the 
aorta,  and  had  there  given  rise  first  to  contraction  and  then  to  obliteration 
of  the  coats  of  that  vessel."  What  this  "peculiar  cause"  was  or  why  closure 
of  the  ductus  did  not  alwaj's  produce  coarctation  of  the  aorta  was  not 
stated. 

Skoda  (6)  suggested  that  a  special  form  of  tissue  in  the  ductus  led  to  its 
contraction  at  birth  and  that  coarctation  of  the  aorta  resulted  from  exten- 
sion of  this  peculiar  tissue  into  the  adjacent  aorta  (Skodaic  theory). 
Brunner  (7)  adopted  a  similar  explanation  except  that  he  postulated  aber- 
rant transplantation  of  this  special  tissue  in  various  parts  of  the  descending 
aortic  arch,  rather  than  direct  extension.  Subsequent  studies  have  failed 
to  reveal  any  special  tissue  concerned  with  the  obliteration  of  the  ductus 
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arteriosus  (Klotz  (8)).  Constriction  of  the  aorta  near  the  ductus  attach- 
ment has  been  attributed  also  to  the  mechanical  effect  of  traction  when  the 
ductus  is  obliterated,  but  the  possibility  of  such  a  mechanical  effect  has 
been  rejected.  Furthermore,  such  a  theory  fails  to  explain  manj'  asso- 
ciated findings. 

Rokitansky  (3),  who  favored  the  prenatal,  developmental  origin  of 
coarctation  of  the  aorta,  assumed  a  primary  weakness  in  the  aortic  wall  of 
the  isthmus  (the  region  of  the  descending  aortic  arch  between  the  origin 
of  the  left  subclavian  artery  and  the  attachment  of  the  ductus).  Because 
of  this  weakness,  he  believed,  the  obliterating  ductus  arteriosus  would 
cause  the  aorta  to  yield  and  become  constricted,  while  the  normal  aorta 
would  resist  such  a  force. 

Bonnet  (1)  adopted  two  different  explanations  corresponding  to  the  two 
different  forms  of  coarctation  which  he  described.  In  the  infantile  group 
of  cases,  in  which  the  constriction  is  usualh^  a  diffuse  narrowing  of  the  arch 
especially  in  the  region  of  the  isthmus  above  the  insertion  of  the  ductus, 
and  in  which  there  are  frequent  grave  cardiac  anomalies,  he  accepted  a 
prenatal  developmental  abnormality  as  the  basis  of  the  lesion.  In  the 
adult  form  of  coarctation,  in  which  there  was  as  a  rule  a  sharp,  localized 
constriction  just  at  or  immediately  below  the  iasertion  of  the  ductus,  and 
in  which  the  ductus  was  almost  always  obliterated,  he  assumed  that  the 
constriction  was  a  postnatal  lesion  associated  in  some  uncertain  manner 
with  the  closure  of  the  ductus.  Abbott  (9)  and,  more  recentlv,  Evans  (10) 
criticized  this  dual  theory  for  what  they  believed  was  essentially  an  identi- 
cal lesion  in  somewhat  different  areas  of  the  aortic  arch,  especially  since 
certain  obviously  prenatal  abnormalities  of  the  aortic  arch  were  associated 
with  the  so-called  adult  form  of  constriction  near  the  ductus  as  well  as 
with  the  infantile  type. 

None  of  the  theories  thus  far  proposed  have  satisfactorily  reconciled  the 
observation  of  undoubtedly  prenatal  associated  anomalies,  indicative  of  a 
developmental  origin  for  the  adult  as  well  as  infantile  cases,  \\'ith  the  fact 
that  the  adult  type  of  constriction  is  never  seen  in  fetuses  and  is  so  obvi- 
ously located  in  proximity  to  the  attachment  of  a  closed  ductus  arteriosus. 
If  clo.sure  of  the  ductus  is  etiologically  related  to  the  occurrence  of  the 
adult  type  of  constriction,  no  adequate  explanation  has  been  offered  of  the 
manner  in  which  closure  of  the  ductus  produces  aortic  constriction. 

A  satisfactory  theorj'  for  the  occurrence  of  coarctation  of  the  aorta  will 
have  to  account  for  the  different  locations  of  the  constriction  in  the  two 
main  clinical-pathologic  groups  of  cases,  for  the  sharp  localization  of  the 
adult  constriction  to  the  region  of  insertion  of  the  ductus,  for  the  presence 
of  grave  cardiac  anomalies  in  the  infantile  and  their  absence  in  the  adult 
form,  for  the  patency  of  the  ductus  in  the  former  and  its  closure  in  the 
latter,  and  for  the  presence  of  so-called  minor  anomalies  in  the  adult  group 
of  cases.    In  particular,  these  minor  anomalies  are  those  of  branches  of 
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the  aortic  arch,  bicuspid  aortic  valve  witli  i'nHiucnt  eventual  rui)turc  of 
the  aorta  intlicative  of  weakness  of  tlie  aortic  wall,  and  the  association  of 
congenital  subaortic  stenosis.  If  closure  of  the  ductus  is  related  to  the 
occurrence  of  aortic  coarctation,  a  more  satisfactory  mechanism  must  be 
l)roposed  than  has  been  done  hitherto.  In  the  following  pages  I  shall 
offer  a  theory  which  appears  to  satisfy  these  recjuirements  in  most  if  not 
all  essential  respects.    First  it  w^ill  be  necessary  to  review  brieflj'  certain 


Fig.  1  Fig.  2 

Fig.  1.  Fetal  cii-culation.  Upper  aortic  scgniont  oxtciuiing  from  loft  ventricle 
(LV)  to  insertion  of  thictus  arteriosus  (DA).  Oxyjjenated  blood  from  inferior  vena 
cava  (IVC)  reaches  left  side  of  heart  by  way  of  open  foramen  ovale  (FO)  and  supplies 
brachioce|)halic  vessels  (/?/,  LCC  and  LS).  Isthmus  (IS),  termination  of  upper 
aortic  segment,  is  low  pressure  area  extending  from  left  subclavian  (LS)  to  insertion 
of  ductus  arteriosus. 

Fig.  2.  Fetal  circulation.  Lower  aortic  segment  (LAS)  is  descending  aorta 
below  insertion  of  ductus  arteriosus.  Uitoxygenated  blood  from  superior  vena  cava 
(SVC)  traverses  right  atrium  (RA).  right  ventricle  (RV),  pulmonary  artery  (PA) 
and  patent  ductus  arteriosus  (DA  )  to  lower  aortic  segment  and  lowei'  half  of  body. 

features  of  the  fetal  circulation  and  the  mechanism  of  clostuc  of  the  ductus 
arteriosus. 

THE  FETAL  CIRCUL.vnON  IN  THE  AORTIC  .\RCH 

It  has  long  been  believed  that  the  oxygenated  blood  from  the  placenta 
and  the  blood  from  the  lower  half  of  the  body,  arriving  in  the  right  atrium 
by  way  of  the  inferior  vena  cava,  and  the  uno.xygenated  blood,  arriving 
from  the  upper  half  of  the  body  by  way  of  the  superior  vena  cava,  are  only 
partially  mixed  in  the  right  atrium  and  continue  a.s  two  distinct  currents. 
That  from  the  inferior  vena  cava  is  directed  by  its  valve  chiefly  through 
the  foramen  ovale  to  the  left  atrium  and  thence  thi-ough  the  left  ventricle 
and  ascending  aorta  and  arch  to  the  brachiocephalic  vessels.  Thus,  this 
relatively  more  oxygenated  stream  from  the  inferior  vena  cava  supplies 
the  vital  brain  and  heart  as  well  as  the  upper  extremities  (fig.  1).  At  the 
same  time,  the  unoxygenated  blood  from  the  superior  vena  cava,  after 
some  mixing  with  oxygenated  blood  in  the  right  atrium,  is  directed  chiefly 
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through  the  tricuspid  orifice  to  the  right  ventricle  and  trunk  of  the  pulmo- 
nary artery.  ^\Tiile  toward  the  end  of  fetal  life  a  small  portion  of  this 
blood  is  sent  to  the  lungs  through  the  pulmonary  vessels,  most  of  the  right 
ventricular  output  is  directed  through  the  patent  ductus  arteriosus  into 
the  descending  arch  of  the  aorta  and  thence  to  the  lower  half  of  the  bodv 
(fig.  2). 

^^^lethcr  or  not  the  concept  of  a  fairly  distinct  separation  of  the  superior 
and  inferior  vena  caval  blood  in  the  right  atrium  is  accepted,  there  is  no 
doubt  that  the  blood  which  arrives  in  the  right  atrium  is  divided  into  two 
streams,  one  of  which  goes  by  way  of  the  foramen  ovale  to  the  left  side 
of  the  heart  and  the  ascending  aorta,  and  the  other  to  the  right  side  of  the 
heart  and  by  way  of  the  ductus  to  that  part  of  the  aorta  which  is  distal  to 
the  attachment  of  the  ductus  arteriosus.  That  the  latter  pathway  receives 
most  of  the  blood  and  probabh'  has  the  higher  intravascular  tension  seems 
to  be  indicated  by  the  fact  that  at  birth  the  pulmonary  arterj'  and  the 
right  ventricle  are  considerably  larger  than  the  aorta  and  left  ventricle. 

The  pressure  head  developed  by  the  left  ventricle  is  sufficient  to  send  its 
blood  into  the  aortic  arch  and  its  branches  to  the  head  and  upper  extrem- 
ities. But  it  is  likeh'  that  by  the  time  the  descending  part  of  the  arch 
(isthmus)  is  reached,  distal  to  the  origin  of  the  left  subclavian  artery  and 
proximal  to  the  attachment  of  the  ductus  arteriosus,  the  pressure  has 
fallen  considerably  and  little  if  any  of  the  left  ventricular  output  mixes 
with  the  blood  from  the  ductus  arteriosus  in  the  descending  aorta  (fig.  1). 
On  the  other  hand,  the  right  ventricular  output  passes  through  the  main 
pulmonary'  artery  and  ductus,  which  is  a  tube  of  vride  dimensions  in  fetal 
life,  into  the  descending  portion  of  the  aorta  beyond  the  region  of  attach- 
ment of  the  ductus  without  passing  upward  and  mixing  with  the  blood 
from  the  left  ventricle  (fig.  2). 

In  this  way,  despite  their  anatomic  proximity,  the  aortic  arch  down  to 
the  region  of  the  ductus  arteriosus  is  part  of  the  left  ventricular  circulation 
and  practically  completely  segregated  from  the  remainder  of  the  aorta 
distal  to  the  attachment  of  the  ductus,  which  is  part  of  the  right  ventricular 
circulation.  Hereafter  we  shall  refer  to  these  two  segments  as  the  upper 
and  lower  aortic  segments.  One  can  conceive  of  these  two  segments  as 
being  as  functionalh'  distinct  as  the  pulmonary  and  systemic  circulations 
in  the  adult,  the  lower  segment,  which  brings  blood  from  the  pulmonary 
arterj'  and  ductus  for  oxygenation  to  the  placenta,  corresponding  to  the 
pulmonaiy  circuit,  and  the  upper  segment,  which  carries  oxygenated 
blood  from  the  left  ventricle  to  the  head  and  upper  half  of  the  body, 
representing  the  systemic  circulation. 

This  division  into  upper  and  lower  aortic  segments  is  supported  by  the 
following  observations :  The  terminal  portion  of  the  upper  segment  of  the 
aorta,  which  is  known  as  the  isthmus,  usually  shows  a  narrowing  of  variable 
degree  which  may  be  interpreted  to  indicate  the  fall  in  pressure  in  this 
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region  after  most  if  not  all  of  the  aortic  blood  supply  has  been  drained 
into  the  brarhioeei)halie  vessels  proximal  to  the  isthmus.  In  fact  it  is 
likel>-  that  this  i)hysiologic  narrowing  is  the  result  of  this  drop  in  pressure 
head.  Furthermore,  the  size  of  the  left  ventricle  and  of  the  ascending 
portion  of  the  arch,  and  the  tapering  from  then  on  until  the  isthmus  is 
leaclied  suggest  that  these  structures  form  a  fimctional  as  well  as  anatomic 
unit.  Beyond  the  isthmus,  the  descending  aortic  arch  in  the  region  of 
entrance  of  the  ductus  arteriosus  becomes  a  much  wider  vessel  correspond- 
ing in  size  not  to  the  upper  aortic  segment  above  but  to  the  wide  main 
pulmonary  trunk  and  the  ductus  arteriosus.  In  fact  the  main  pulmonary 
trunk,  ductus  arteriosus  and  lower  aortic  segment  appear  anatomically 
as  a  single  curved  vessel  which  forms  an  anatomic  and  functional  unit. 

More  direct  evidence  of  the  distinctness  of  the  upper  and  lower  aortic 
segments  is  provided  by  the  recent  studies  of  Barclay  and  his  associates 
(11).  These  observer  injected  radiopaque  material  into  the  superior 
and  inferior  venae  cavae  of  sheep  fetuses  and  followed  the  course  of  the 
injected  material  by  roentgen-ray  cinematography.  Corresponding  to 
the  circulation  as  described  above,  they  observed  that  the  material  in- 
jected into  the  inferior  vena  cava  flowed  mainly  through  the  foramen 
ovale  to  the  left  chambers  of  the  heart,  thence  to  the  ascending  aorta,  the 
coronary  and  brachiocephalic  vessels.  The  material  injected  into  the 
superior  vena  cava  coursed  through  the  right  chambers  of  the  heart,  the 
pulmonary  trunk  and  thence  almost  entirely  through  the  ductus  arteriosus 
and  the  descending  aorta. 

Additional  confirmation  of  the  functional  separation  of  the  upper  and 
lower  aortic  segm.ents  is  seen  in  the  occasional  cases  of  congenital  heart 
disease  in  which  the  separation  of  the  two  segments  is  anatomicall}^  as  well 
as  functionalh'  complete.  Thus  in  Case  11  of  Bonnet  (1),  there  was 
complete  atrophy  of  the  isthmus  (distal  portion  of  upper  segment).  The 
sole  possible  source  of  blood  supply  to  the  descending  aorta  (lower  segment) 
was  the  pulmonary  arterj'  by  way  of  the  ductus  arteriosus.  Abbott  (12) 
collected  5  cases  in  infants  and  children  in  which  a  hypoplastic  arch  of  the 
aorta  gave  off  3  main  vessels  to  the  head  and  upper  extremities  but  had  no 
anatomic  continuity  with  the  descending  arch,  and  Evans  (10)  reported 
3  similar  cases  of  anatomic  sepai'ation  of  the  upper  and  lower  segments. 
In  all  of  the  cases  the  left  ventricle  supplied  the  upper  aortic  segment  and 
brachiocephalic  vessels,  while  the  right  ventricle  supplied  the  lower  aortic 
segment  through  a  widely  patent  ductus  arteiiosus.  These  cases  indicate 
that  in  rare  and  extreme  instances  the  functional  separation  of  the  upper 
and  lower  aortic  segments  may  be  represented  by  complete  anatomic 
separation.  In  such  instances,  instead  of  the  normal  postnatal  establish- 
ment of  a  continuous  circulation  in  the  upper  and  lower  segments,  the 
fetal  functional  separation  is  retained  after  birth. 

The  relationship  of  these  two  aortic  segments  to  the  pathogenesis  of 
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aortic  coarctation  will  be  discussed  after  consideration  of  the  mechanism 
of  the  closure  of  the  ductus  arteriosus.  But  it  may  be  noted  here  that 
when  coarctation  of  the  aorta  occurs  in  any  portion  of  the  aortic  arch 
above  the  attachment  of  the  ductus  arteriosus  it  lies  in  the  upper  aortic 
segment  whatever  its  exact  site,  degree  or  extent.  On  the  other  hand, 
constrictions  of  the  aorta  at  or  just  below  the  attachment  of  the  ductus 
arteriosus  lie  in  the  lower  aortic  segment.  Thus  an  aortic  coastriction 
which  lies  only  a  centimeter  above  the  attachment  of  the  ductus  is  in  a 
distinctly  separate  circulatory  unit  from  a  constriction  situated  at  or 
just  Ijelow  the  ductus.  The  development  of  these  two  constrictions  of 
almost  identical  location  ma>-  therefore  depend  on  different  dynamic 
factors. 

CLOSURE  OF  THE  DUCTUS  ARTERIOSUS 

Since  Kilian's  (13)  suggestion  in  1826,  we  have  come  to  believe  that 
closure  of  the  ductus  arteriosus  results  from  a  reduction  in  pressure  in  that 
vessel.  This  fall  in  ductus  pressure  results  from  the  shunting  of  blood 
through  the  pulmonary  arterial  branches  to  the  lungs  as  the  latter  become 
functioning  organs  at  the  time  of  birth.  The  fall  in  ductus  blood  pressure 
enables  its  strong  mu-scular  fibers  to  approximate  the  walls,  and  the  state 
of  disuse  results  in  a  secondary  subendothelial  proliferation  which  eventu- 
ally converts  the  ductus  into  a  fibrous  cord  (Ivlotz  (8)).  The  ductus 
contains  relatively  little  elastic  tissue  which  might  tend  to  retain  patency 
of  the  lumen. 

Persistent  patency  of  the  ductus  arteriosus  may  be  the  result  of  two 
general  types  of  abnormality.  Either  the  pulmonarj'  arterial  pressure  -is 
normal  at  birth  but  failure  of  the  lungs  to  expand  adequately  caases  only  a 
relatively  small  drain  of  the  pulmonary  blood  supply  so  that  a  sufficient 
pressure  remains  in  the  ductus  arteriosus  to  keep  that  vessel  open.  Or  due 
to  associated  abnormalities,  such  as  auricular  or  ventricular  septal  defects, 
the  pressure  in  the  main  pulmonary  artery  is  so  elevated  to  begin  with  that 
even  when  some  of  the  pulmonary  blood  flow  is  shunted  to  the  lungs  at 
birth,  a  sufficient  pressure  is  left  to  maintain  patency  of  the  ductus  arte- 
riosus. 

In  the  former  event,  of  course,  the  lungs  in  most  cases  do  expand  prop- 
erly after  a  variable  period  of  weeks  or  months.  But  during  this  critical 
period  the  pressure  in  the  left  ventricle  and  upper  .segment  of  the  aorta  is 
rising  and  eventually  exceeds  that  in  the  pulmonary  artery.  If  the  circu- 
lation in  the  lungs  is  insufficiently  expanded  so  that  the  ductus  Is  still  open 
when  the  aortic  pressure  exceeds  that  on  the  pulmonary  side  of  the  ductus, 
the  latter  remains  permanently  open.  For  now  patency  is  maintained  by 
a  flow  from  the  aorta  even  though  the  lungs  become  normally  expanded 
and  the  pulmonary  pressure  falls. 

When  the  ductus  closes  normally,  the  lower  segment  of  the  aorta,  which 
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during  fetal  life  received  its  hUxxl  from  the  nuiin  puliuouarv  artery  l)y  way 
of  the  ductus,  must  now  receive  blood  from  the  upper  segment  of  the  aorta. 
This  lecjuires  an  increase  in  blood  pressure  and  blood  flow  from  the  left 
ventricle  through  the  upper  aortic  segment  in  order  that  the  lower  half 
as  well  as  the  upper  half  of  the  body  may  be  supplied.  The  increase  in 
blood  flow  is  effected  by  the  passage  of  the  pulmonary  arterial  blood 
through  tlie  lungs  and  pulmonary  veins  to  the  left  atrium  and  thence  to 
the  left  ventricle  instead  of  through  the  ductus  and  lower  aortic  segment. 
Whethei-  or  not  our  assumption  is  correct  that  thei-e  is  little  or  no  blood 
l)assing  in  fetal  life  from  the  region  of  the  aoitic  isthmus  above  the  ductus 
arteriosus  to  the  lower  aortic  segment,  it  is  certain  that  much  more  blood 
must  traverse  this  passage  in  order  to  maintain  a  blood  supjjly  to  the  lower 
half  of  the  body  when  the  ductus  closes.  This  increase  in  lAood  flow  fiom 
the  upper  aortic  segment  is  necessary  to  keep  the  lower  aortic  segment 
patent  at  that  point  at  which  the  ductus  arteriosus  is  attached.  Were 
there  no  considerable  flow  from  the  upper  to  the  lower  segment  at  this 
point,  the  drop  in  ductus  pressure  at  birth  would  have  the  same  effect  in 
the  adjacent  area  of  the  lower  aortic  segment  as  in  the  ductus,  pioducing 
collapse  of  the  aortic  walls  and  constriction  of  the  aorta. 

PROPOSED  THEORY  OF  PATHOGENESIS  OF  COARCTATION  OF 

AORTA 

Developmental  basis  of  aortic  coarctation.  There  seems  to  be  no  doubt 
that  the  upper  segmental,  supraductus  or  so-called  infantile  form  of  aortic 
coarctation  is  the  result  of  a  prenatal  abnormality  in  development.  The 
chief  basis  for  this  belief  is  the  great  frequency  of  associated  major  cardiac 
anomalies,  such  as  defects  of  the  auricular  and  \-entricular  sei)tum,  trans- 
position of  the  great  ^'essels,  bilocular  and  trilocular  hearts.  The  structures 
involved  in  these  anomalies  are  formed  in  the  second  month  of  uterine  life, 
so  that  it  may  be  assumed  that  the  aortic  coarctation  occurs  at  the  same 
time.  Abbott  (14)  foimd  that  of  82  cases  of  coarctation  of  the  aorta  in 
infants  under  1  year  of  age,  50  were  complicated  by  gi  ave  or  majoi-  cardiac 
anomalies  and  19  by  minor  ones.  There  were  15  uncomplicated  cases, 
but  it  must  be  emphasized  that  some  of  the  cases  in  infants  under  1  year  of 
age  were  undoubtedh'  examples  of  lower  segmental,  i.e.,  adult  coarctation 
of  the  aorta,  with  premature  death  from  unrelated  causes.  Furthermore, 
the  finding  of  upper  segmental  aortic  constriction  (infantile  coarctation) 
in  the  newborn  and  in  fetu.ses  is  additional  evidence  that  the  anomah'  is 
one  of  relatively  early  intra-uterine  life.  This  anomaly  is  caused  probably 
by  a  defect  in  the  development  of  the  fetal  left  fourth  aortic  arch  which  is 
represented  later  hy  the  upper  aortic  segment  running  from  the  left  ven- 
tricle to  the  site  of  attachment  of  the  ductus  arterio.sus. 

The  evidence  for  an  antenatal  developmental  abnormality  as  the  i)asLs 
of  the  lower  segmental  or  adult  type  of  coarctation  of  the  aorta  is  less 
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convincing  although  significant.  Thus  despite  the  absence  in  undoubted 
cases  of  adult  coarctation  of  the  grave  cardiac  anomalies  which  complicate 
the  infantile  form,  there  are  numerous  minor  anomalies,  particularly  those 
of  the  aortic  arch,  which  suggest  that  the  adult  as  well  as  the  infantile 
coarctation  is  the  result  of  an  antenatal  developmental  abnormality'. 
Abbott  (14)  found  that  in  155  cases  of  aortic  coarctation  in  subjects  over 
1  year  57  were  associated  with  minor  anomalies,  86  were  uncomplicated 
and  13  were  combined  with  grave  anomalies.  But  these  13  proved  to  be 
either  cases  of  the  infantile  type  despite  survival  beyond  1  year  of  age,  or 
cases  without  significant  coarctation.  The  specific  minor  anomalies 
included  bicuspid  aortic  valves  and  subaortic  stenosis,  but  especially 
abnormal  origin  or  distribution  of  branches  of  the  aortic  arch.  Since  the 
involved  structures  are  formed  in  early  uterine  life,  it  may  be  considered 
that  the  associated  adult  coarctation  is  related  in  some  way  to  these  early 
developmental  abnormalities. 

In  particular,  Abbott  was  impressed  by  a  case  of  adult  coarctation 
reported  by  Blackford  (15)  in  which  there  was  a  persistence  of  a  right  dorsal 
aorta  arising  from  a  costocervical  trunk  of  the  aortic  arch  and  connecting 
with  the  descending  aorta  below  the  closed  ductus  arteriosus.  There  was 
also  a  similar  case  reported  by  Hamilton  and  Abbott  (16)  of  an  anomalous 
vessel,  probabh'  representing  a  persistent  left  fifth  aortic  arch,  which 
ran  from  the  aorta  above  the  closed  ductus  to  a  mass  of  enlarged  glands  on 
the  right  side  of  the  arch  where  it  was  lost.  It  seemed  likely  that  both  the 
coarctation  and  the  anomalous  vessels  developed  in  the  second  month  of 
fetal  fife  when  the  aortic  arches  are  being  transformed  into  their  adult 
types. 

Despite  this  evidence  for  the  developmental  origin  of  the  adult  as  well 
as  the  infantile  coarctation,  it  remains  to  be  explained  why  the  adult 
coarctation,  unlike  the  infantile  is  not  found  in  fetuses  or  the  newborn, 
why  it  is  so  closeh'  approximated  to  the  site  of  attachment  of  the  ductus 
arteriosus  and  why  most  if  not  all  of  the  reported  cases  are  associated  with 
closure  of  the  ductus  arteriosus.  I  believe  that  the  prenatal  developmental 
anomalies  ai"e  the  primary  basis  of  the  adult  as  well  as  of  the  infantile  form 
of  aortic  coarctation,  but  that  the  type  which  is  encountered  depends 
entirely  on  whether  the  ductus  remains  patent  or  closed. 

RELATION  OF  PATENCY  OR  CLOSURE  OF  THE  DUCTUS  TO  TYPE  OF  COARCTATION 

Upper  segmental  {infantile)  coarctation.  The  infantile  type  of  aortic 
coarctation  has  almost  always  been  associated  in  reported  cases  ^\-ith 
patency  of  the  ductus  arteriosus  (fig.  3).  If  classification  of  a  case  of 
coarctation  as  infantile  is  made  on  the  basis  of  location  of  the  constriction 
in  the  upper  (supraductus)  aortic  segment  instead  of  on  the  basis  of  age, 
and  if  the  constriction  is  distinct,  there  are  no  definite  exceptions  to  patency 
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of  the  ductus  arteriosus.  The  association  is  not  accidental,  but  is  based  on 
the  following  developmental  factors: 

1.  If  the  aortic  constriction  is  extreme  such  as  in  certain  cases  of  atresia 
of  part  of  tlie  arch,  the  blood  pressure  and  blood  flow  in  the  upper  aortic 
segment  remains  relatively  small  while  that  in  the  main  pulmonary  artery 
is  correspondingly  high.  Opening  of  the  pulmonary  circulation  with  the 
development  of  pulmonary  respiration  causes  a  fall  in  pressure  insufficient 
to  effect  closure  of  the  ductus  arteriosus.  The  incomplete  or  complete 
obstruction  to  blood  flow  from  the  upper  to  the  lower  aortic  segment  is 
compensated  quantitatively  by  blood  flow  from  the  pulmonary  artery 
and  ductus  arteriosus  although  this  blood  is  qualitatively  deficient  in 
oxygen. 


Fig.  3  Fig.  4 

Fig.  3.  Upper  segmental  (supraductus  or  infantile)  aortic  coarctation  (/C). 
Ductus  arteriosus  (DA),  patent  as  in  fetal  circulation,  supplies  lower  aortic  segment 
(LAS). 

Fig.  4.  Lower  segmental  (adult)  aortic  coarctation  (AC)  at  or  just  below  ductus 
insertion,  early  weeks  postpartem.  Ductus  arteriosus  (DA)  closed.  Prenatal 
congenital  hypoplasia  of  aorta  (HA)  with  failure  to  increase  blood  flow  postpartem 
to  lower  aortic  segment.  Coarctation  due  to  drop  in  blood  pressure  in  region  of 
closed  ductus. 

2.  As  a  rule,  upper  segmental  (infantile)  aortic  coarctation  is  associated 
with  grave  cardiac  anomalies.  Such  association  is  common  in  congenital 
cardiovascular  anomalies  because  the  same  disturbance  which  causes  one 
defect  is  likely  also  to  interfere  with  the  proper  development  of  neighboring 
structures.  When  upper  segmental  aortic  coai'ctation  and  grave  cardiac 
anomalies  are  combined,  patency  of  the  ductus  is  a  constant  feature.  This 
is  due  to  the  fact  that  the  anomalies  usualh'  associated,  i.e.,  interventricular 
and  interauricular  septal  defects,  result  in  an  abnormally  high  right  ven- 
tricular and  main  pulmonary  arterial  pressure  at  birth.  This  is  accentuated 
by  the  upper  segmental  aortic  constriction,  which  interferes  with  increase  of 
blood  flow  through  the  upper  aortic  segment.  Thus  the  development  of 
pulmonary  respiration  and  a  pulmonary  circulation  does  not  reduce  the 
pressure  in  the  ductus  arteriosus  sufficient!}''  to  permit  closure  and  oblitera- 
tion of  this  passage. 

3.  Patencj-  of  the  ductus  arteriosus  is  an  integral  feature  in  the  occur- 
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rence  of  infantile  coarctation,  but  not  of  adult  coarctation,  for  as  will  be 
shown  under  the  next  heading  the  adult  (lower  aortic  segmental)  type  of 
coarctation  cannot  occur  if  the  ductus  remains  open. 

The  above  explanation  binds  the  association  of  the  cardinal  features  of 
the  upper  segmental  (infantile)  type  of  aortic  coarctation,  namely  the 
location  of  the  constriction  above  the  site  of  attachment  of  the  ductus,  the 
associated  grave  cardiac  anomalies  and  patency  of  the  ductus  arteriosus. 
Other  features  are  secondary.  The  unfavorable  prognosis,  with  death 
usually  in  early  infancy,  is  due  chiefly  to  the  serious  nature  of  the  cardiac 
anomalies  as  well  as  to  the  coarctation  itself.  Whichever  of  the  above 
mechanisms  accounts  for  patency  of  the  ductus  in  a  given  case,  the  flow 
of  blood  is  from  the  pulmonary  artery  to  the  aorta  becau.se  of  the  higher 
pressure  in  the  former.  Therefore,  a  high  arterial  oxygen  unsaturation 
and  cyanosis  are  the  rule.  This  contrasts  with  the  adult  forms  of  coarcta- 
tion, in  which  the  collateral  circulation  passing  the  obstruction  brings 
oxygenated  blood  to  the  lower  half  of  the  body.  Finally,  the  absence  of 
such- a  collateral  circulation  in  cases  of  upper  segmental  (infantile)  coarcta- 
tion is  due  to  pei-sistence  of  a  patent  ductus  arteriosus  which  maintains  a 
blood  flow  to  the  lower  segment  of  the  aorta.  Rarely  it  is  possible  for  a 
collateral  circulation  to  appear  in  upper  segmental  (infantile)  aortic  coarcta- 
tion if  the  ductus  does  not  provide  an  adecjuate  blood  supply  to  the  lower 
segment  (Ulrich's  ca.se  3  (17)). 

Lower  segmental  (adult)  coarctation.  The  evidence  suggesting  a  primary 
prenatal  developmental  anomaly  in  the  ca.ses  of  adult  as  well  as  infantile 
coarctation  has  been  noted  above.  The  theory  here  proposed  a.ssumes  that 
this  anomaly,  like  that  in  infantile  coarctation,  originalh'  conceras  the 
upper  aortic  segment.  The  general  feature  of  the  primary  defect  is  the 
failure  of  development,  after  birth,  of  an  adequate  blood  pressure  and  blood 
flow  in  the  aortic  isthmus  just  above  the  entrance  of  the  ductus  arteriosus. 
This  may  be  due  to  a  congenital  hypoplasia  of  the  aortic  ai'ch,  a  constriction 
of  the  arch,  or  the  shunting  of  blood  by  an  anomalous  ves.sel  from  the 
upper  segment  before  it  reaches  the  aortic  isthmus. 

But  unlike  infantile  coarctation,  there  is  no  complete  atresia  or  .severe 
constriction  which  raises  the  right  ventricular  and  main  pulmonary  arterial 
pressure  sufiicienth'  to  keep  the  ductus  arteriosus  open.  Nor  do  the  cases 
of  adult  coarctation  have  associated  cardiac  anomalies  of  the  septa  or 
great  ves.sels,  which  might  have  the  same  effect  of  maintaining  patency  of 
the  ductus.  Therefore,  despite  a  defect  in  the  upper  aortic  segment  the 
ductus  arteriosus  undergoes  its  normal  drop  in  blood  pressure  and  its  normal 
closure  after  birth.  But  the  upper  aortic  segment  which  normally  takes 
over  the  supply  of  blood  to  the  lower  aortic  segment  when  the  ductus 
closes  is  hypoplastic  or  constricted  because  of  an  early  developmental 
anomaly.  The  normal  rise  in  pressure  and  growth  fails  to  occur.  There- 
fore, the  fall  in  pressure,  occurring  in  the  ductus  arteriosus,  affects  also 
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the  immediately  adjacent  portion  of  the  aorta  into  wliieh  it  empties  and  the 
vicinity  immediately  below  (i.e.,  the  lower  aortic  segment)  (fig.  4).  If 
the  deficiency  in  upper  aortic  l^lood  supply  is  great  enough  then  the  same 
(.hop  in  pressure  which  leads  to  closure  of  the  ductus  arteriosus  leads  to 
extreme  or  moderate  constriction  of  the  immediately  adjacent  lower 
aortic  segment,  which  at  this  stage  is  really  a  continuation  of  the  ductus 
arteriosus. 

An  essential  feature  of  this  theory  is  that  closure  of  the  ductus  arteriosus 
is  not  a  common  and  accidental  association  of  the  adult  form  of  coarctation, 
hut  a  necessary  prerequisite  and  cause.  According  to  Abbott  (14), 
closure  of  the  ductus  arteriosus  is  present  in  90  per  cent  of  the  reported 
cases.  The  remaining  10  per  cent  of  cases  of  presumed  adult  aortic  coarcta- 
tion with  patent  ductus  arteriosus  would  seem  to  invalidate  the  theory. 
I  have  been  unable  to  find  the  original  reports  of  all  the  so-called  cases  of 
adult  coarctation  of  the  aorta  with  patent  ductus  arteriosus.  But  in  all 
the  cases  in  which  I  have  been  able  to  check  the  original  data,  I  have  found 
either  that  1)  they  were  really  cases  of  infantile  coarctation  which  sur\  ived 
beyond  the  fii-st  year  of  life,  or  2)  that  the  location  of  the  constriction  was 
definitely  above  the  origin  of  the  ductus,  which  would  make  it  a  case  of  the 
infantile  type,  or  3)  that  the  site  and  type  of  constriction  is  not  clearly 
stated. 

.Although  closure  of  the  ductus  arteriosus  is  described  as  the  determining 
cause  of  the  adult  type,  it  is  clear  that  this  is  not  the  primary  cause  or  else 
closiu"e  of  the  ductus  would  in  itself  more  frequently  if  not  always  produce  a 
coarctation.  The  primary  cause  is  the  developmental  distuibance  in  the 
upper  aortic  segment  which  prevents  an  adequate  maintenance  of  pressure 
in  the  juxtaductal  portion  of  the  lower  aortic  .segment  just  after  birth  when 
the  ductus  becomes  occluded. 

APPLICATIONS  OF  THE  PROPOSED  THEORY 

The  application  of  this  theory  to  the  infantile  form  of  coarctation  has 
been  briefly  discussed  above.  Since  the  developmental  origin  of  this  type 
of  coarctation  is  generally  accepted,  detailed  discussion  is  unnecessary. 
It  is  merely  emphasized  that  according  to  the  theory  proposed  the  associa- 
tion of  grave  anomalies  and  of  a  patent  ductus  arteriosus  are  not  mere 
coincidences,  but  are  determining  factors  in  the  persistence  of  the  infantile 
type.  Thus  in  most  instances  it  is  the  existence  of  the.se  a,s.sociated 
anomalies  which  determine  the  abnormal  pressure  relationships  which 
maintain  the  patency  of  the  ductus. 

In  this  connection  it  must  be  explained  why,  in  cases  of  adult  coarctation, 
the  infantile  hypoplasia  or  constriction  of  the  upper  aortic  segment,  which 
is  the  primary  lesion,  is  not  found  simultaneously  with  the  adult  coarctation 
lower  down  in  the  aorta,  at  or  below  the  entrance  of  the  ductus  arteriosus. 
As  a  matter  of  fact  it  has  long  been  known  that  hypoplasia  of  the  aorta  and 
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varying  degrees  of  narrowing  of  the  upper  segment,  especially  in  the  region 
of  the  isthmus,  are  found  with  surprising  frequency  in  cases  of  adult  coarcta- 
tion. This  was  never  understood,  since  in  most  instances  the  aortic  arch 
is  dilated  and  the  left  ventricle  hypertrophied.  That  hypoplasia  or  con- 
striction of  the  upper  aortic  segment  is  not  seen  more  frequently  may  be 
understood  from  the  secondary  affects  of  adult  coarctation,  which  develop 
over  a  period  of  years.  Thus,  through  mechanisms  still  imperfectlj^  under- 
stood, hypertension  and  left  ventricular  hypertrophy  eventually  appear. 
This,  probably  in  combination  with  the  congenital  weakness  of  the  upper 
aortic  segment,  which  is  part  of  the  primary  defect,  eventually  results  in 
distention  of  the  upper  aorta,  so  that  the  original  constriction  is  no  longer 
visible.  The  incidence  of  rupture  of  the  aorta  in  adult  coarctation,  which 
is  out  of  all  proportion  to  that  in  noncoarctation  cases  wdth  similar  blood 
pressures,  is  added  evidence  of  a  congenital  defect  of  the  upper  aortic 
segment.  Finally  it  remains  to  be  determined  whether  careful  observation 
of  the  distal  portion  of  the  upper  segment  of  the  aorta  in  cases  of  adult 
coarctation  may  not  reveal  even  more  instances  of  the  primary  defect  in 
that  segment. 

The  proposed  theory  harmonizes  the  evidence  for  a  prenatal  develop- 
mental anomaly  in  both  types  of  coarctation  of  the  aorta  and  the  observa- 
tions connecting  the  adult  type  with  closure  of  the  ductus  arteriosus.  The 
developmental  anomaly  of  the  upper  segment  is  the  primary  defect,  but  the 
superimposed  effect  of  closure  of  the  ductus  accounts  for  the  location  of  the 
stricture  at  or  below  the  ductus  attachment  to  the  aorta.  The  explanation 
offered  also  accounts  for  the  fact  that  this  type  of  constriction  is  never 
found  in  fetuses  or  the  newborn,  that  is,  before  the  ductus  is  closed. 

The  proposed  theory  for  the  pathogenesis  of  adult  coarctation  may  be 
applied  satisfactorily  to  the  cases  of  Blackford  (15)  and  of  Hamilton  and 
Abbott  (16),  in  which  vestiges  of  the  right  dorsal  aorta  or  left  fifth  aortic 
arch,  respectively,  persisted  as  anomalous  vessels  which  shunted  blood 
from  the  upper  aortic  segment  before  it  reached  the  aortic  isthmus.  It  is 
indeed  true  that  these  abnormalities  must  have  occurred  in  the  second 
month  of  fetal  life  when  the  aortic  arches  assume  their  adult  form,  but  it 
need  not  be  concluded,  as  by  Abbott,  that  the  adult  infraductal  coarctation 
also  occurred  at  the  same  time.  Thus,  these  anomalous  shunts  served  to 
short-circuit  blood  from  the  upper  aortic  segment  above  the  ductus  and 
isthmus  to  the  lower  segment  below  the  ductus  so  that  the  blood  flow 
and  the  blood  pressure  in  the  supraductal  region  of  the  isthmus  was  quite 
low.  When  the  ductus  arteriosus  was  closed,  as  occurred  in  both  the.se 
cases,  there  was  no  adequate  compensatory  increase  in  blood  flow  from  the 
isthmus  past  the  region  of  entrance  of  the  ductus,  due  to  the  anomalous 
shunt.  This  juxtaductal  area  in  the  lower  aortic  segment  therefore  must 
have  collapsed  and  developed  a  constriction  at  the  time  when  the  ductus 
closed.    As  a  matter  of  fact,  in  the  case  of  Hamilton  and  Abbott  (16), 
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it  is  clearly  stated  that  the  isthmus  above  the  coarctation  was  also  markedly 
narrowed,  an  anatomic  expression  of  the  low  blood  pressure  in  that  region. 

Subaortic  stenosis,  itself  a  very  uncommon  lesion,  is  found  in  cases  of 
adult  coarctation  of  the  aorta  with  more  than  coincidental  frequency.  It 
may  be  that  such  a  lesion  in  fetal  life  may  have  an  effect  similar  to  narrow- 
ing or  hypoplasia  of  the  upper  aortic  segment  beyond  it.  The  presence  of  a 
subaortic  stenosis  may  prevent  the  usual  increase  in  blood  pressure  and 
blood  flow  through  the  upjjer  aortic  segment  which  normally  prevents 
constriction  of  the  aorta  in  the  region  of  the  ductus  when  the  latter  becomes 
occluded. 
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INIany  different  drugs  and  diets  have  been  advocated  for  the  purpo.se  of 
reducing  blood  pressure  in  patients  with  hypertension.  Clinical  trials  have 
u.sually  resulted  in  widely  conflicting  reports.  A  decline  in  pre.ssure  as- 
cribed to  drugs  could  often  be  reproduced  by  means  of  placebos  and  re- 
assurance. Ayman  (1),  Fishberg  (2),  and  Evans  and  Loughnan  (3), 
among  others,  have  emphasized  the  spontaneous  variations  and  emotional 
factors  to  be  considered  in  evaluating  the  efficacy  of  therapeutic  mea.sures 
in  human  hypertensives. 

The  experimental  animal  lends  it.self  to  tests  comparatively  free  of  dis- 
turbing p.?ychic  influences.  Observations  in  laboratory  animals  have 
awaited  the  introduction  of  methods  for  inducing  .sustained  hypertension 
resembling  that  .seen  in  human  .subjects.  Davis  and  Barker  (4)  used  hy- 
pertensive dogs  and  noted  a  decline  in  blood  pressure  following  administra- 
tion of  cyanates.  GroUman,  Harrison  and  Williams  (5)  recently  tested 
various  therapeutic  procedures  in  rats  made  hypertensive  by  means  of 
subtotal  nephrectomy.  There  is  some  evidence  which  suggests  that  the 
mechanism  in  this  type  of  hypertension  may  differ  from  that  due  to  limita- 
tion of  blood  flow  to  the  kidney  (6,  7).  In  the  pre-sent  study  we  induced 
hypertension  in  rats  by  means  of  renal  ischemia  due  to  cellophane  (8). 
Sustained  hypertension  frequently  follows  operation  on  one  kidnej',  the 
opposite  kidne}'  remaining  intact  (9).  Hyperten.sion  from  this  type  of 
injury  arises  from  a  combination  of  factors,  obstruction  of  the  renal  pedicle, 
prevention  of  collateral  circulation  through  the  cap.sule,  interstitial  ne- ' 
phritis,  and  renal  compression  by  the  fibrous  perinephritic  mass. 

The  therapeutic  agents  studied  include  eiythrol  tetranitrate,  bismuth 
.subnitrate,  potassium  thiocyanate,  garlic  extract  (allium  sativum)  and  a 
preparation  of  desiccated  kidney  substance  (nephritin).- 

Page  and  his  co-workers  (10)  were  able  to  prepare  renal  extracts  contain- 
ing a  .substance  which  lowered  blood  pressure  in  hypertensive  dogs  and  rats 
and  in  patients  with  hyperten.sion.    We  have  tested  this  extract  in  six  rats. 

Magnesium  salts  have  been  reported  to  have  depressor  actions  in  pa- 

'  This  study  was  aided  by  a  grant  from  the  Lionel  Sutro  Fund. 
'  A  generous  supply  of  this  material  was  provided  by  Reed  Carnick  &  Co. 
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tients  with  acute  glomerular  nephritis  (11)  and  in  rats  made  hypertensive 
by  injection  of  ergotamine  tartrate  (12).  It  seemed  of  interest  to  study  the 
action  of  these  salts  in  chronic  renal  hypertension. 

Rodhard,  Katz  and  Sokolow  (13)  noted  reduction  in  blood  pressure  fol- 
lowing subcutaneous  implantation  of  normal  kidney  tissue  in  Goldblatt 
dogs.  Li\'er,  spleen  and  boiled  kidney  tissue  produced  either  transient  or 
no  decline  in  pres.sure.  Cloldblatt  and  Kahn  (14)  did  not  confirm  these 
findings  when  precautions  were  taken  to  pre\  ent  infection. 
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Fig.  1.  Test  of  various  substances  on  the  blood  pressure  of  hypertensive  rats. 
Each  curve  represents  the  average  vahies  in  6  to  8  rats.  Substances  tested  were 
given  for  variable  periods  denoted  by  the  hcavj'  line  above  the  curves.  The  ratio 
of  the  dose  administered  to  that  generally  recommended  for  use  in  humans  in  pro- 
portion to  body  weight  is  recorded  in  the  parenthesis  for  each  substance  as  follows: 

Curve  A,  erythrol  tetranit;ate,  0.05  gram  per  day  (30x):  curve  B.  allium  sativum, 
0.5  to  1.0  gram  per  day  (lOO.x):  curve  C,  potassium  thiocyanate,  O.I  gram  per  day 
(25x):  curve  D,  potassium  thiocyanate,  0.2  gram  per  day  (oOx):  curve  E,  desiccated 
kidney  tissue,  0.4  gram  per  day  (30x):  curve  h\  renal  extract  (page),  0.5  cc.  per  day; 
curve  G,  magnesium  carbonate,  0.2  gram  per  day:  curve  H,  magnesium  sulphate, 
0.05  gram  per  day:  curve  /,  bismuth  subnitrate,  0.075  gram  per  day  (lOx). 

In  the  present  reports  we  have  included  some  observation  on  tissue 
implantations  in  rats. 

JIETHODS 

Hypertension  was  induced  in  rats  by  wrapping  one  or  both  kidneys  in 
heavy  cellophane.  Systolic  blood  pressures  were  determined  without 
anesthesia  using  the  methods  of  Williams,  Harrison  and  Grollman  (15). 
All  of  the  test  animals  had  had  hypertension  (elevation  of  blood  pressure  of 
at  least  40  mm.  of  mercury  above  the  pre-operative  level)  for  a  period  of  not 
less  than  6  months.  Daily  pressure  readings  were  made  prior  to  and  during 
the  trial  period. 
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Oral  medication  in  the  desired  dosage  was  mixed  with  a  Umited  daily  food 
supply  so  that  the  total  amount  was  consumed  each  day.  ^Magnesium 
sulphate  and  the  renal  extract  were  given  subcutaneously. 

Tissues  for  implantation  were  taken  from  freshh-  killed  stock  rats,  sliced 
into  flat  strips  and  about  1 .5  to  2  grams  embedded  in  subcutaneous  tissue 
over  the  abdomen.    Iodine  and  alcohol  were  used  for  the  skin,  but  strict 

TABLE  1 


Effect  of  subcutaneous  implantations  of  various  tissues  on  blood  pressure  of  hypertensive 

rats 


RAT  NUMBiai 

TISSUE  IMPLANTED 

MEAN  SYSTOLIC 
PRESSURE  BEFORE 
IMPLANTATION 

MAXIMUM  CHANGE* 
IN  PRESSURE 
AFTER 
IMPLANTATION 

DURATIOSt  OF  CHANGE 

mm.  Hg 

mm.  Hg 

Days 

1 

Kidney 

164 

-10 

2' 

2 

Kidney 

190 

0 

0 

3 

Kidney 

172 

+20 

8 

4 

Kidney 

187 

0 

■no  abscess 

5 

Kidney 

178 

0 

0 

6 

Kidney 

172 

-i-16 

3 

7 

Kidney 

213 

0 

0 

8 

Kidney 

185 

-65 

20 

9 

Kidney 

203 

-43 

4 

10 

Kidney 

.  200 

-28 

5 

11 

Kidney 

193 

-15 

6 

•abscess  present 

12 

Kidney 

199 

-.35 

6 

13 

Kidney 

165 

-21 

4 

14 

Kidney 

186 

-34 

12; 

15 

Spleen 

180 

0 

0 

no  abscess 

16 

Spleen 

197 

-21 

4 

17 

Spleen 

187 

-25 

4 

•abscess  present 

18 

Spleen 

172 

-36 

3 

19 

Liver 

172 

0 

0 

no  abscess 

20 

Liver 

195 

-31 

5^ 

21 

Liver 

192 

-22 

•abscess  present 

22 

Liver 

184 

-28 

6 

*  Changes  of  less  than  10  mm.  Hg  from  the  mean  value  are  recorded  as  0. 
t  Days  required  to  return  to  the  mean  value. 


aseptic  technique  was  not  employed.  The  necrotic  mass  which  frequently 
formed  was  allowed  to  heal  spontaneously. 

RESULTS 

The  results  of  the  various  tests  are  illu.strated  graphically  in  Figiu-e  1. 
Each  curve  represents  the  average  values  for  6  to  8  rats.  Xo  reduction  in 
pressure  occurred  with  erythrol  tetranitrate  (.4),  allium  sati^•um  (B),  mag- 
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nesium  salts  (G  and  //),  desiccated  kidney  substance  (E)  or  bismuth  sub- 
nitrate  (/).  Potassium  thiocyanate  in  doses  of  0.2  gram  daily  caused  a 
slight  l)ut  definite  decline  in  pressure  in  7  out  of  8  animals  (/)).  One  of 
these  died  and  several  became  weak  and  inactive.  Magnesium  carbonate 
and  bismuth  subnitrate  both  caused  considerable  diarrhea  and  weight  loss 
but  no  change  in  blood  pressure.  All  rats  receiving  the  Page  renal  extract 
showed  a  decline  on  the  fourth  day  of  treatment  which  continued  for  one 
day  after  treatment  was  stopped,  returning  gradually  to  the  original  level 
(F).  Subsequent  readministration  of  the  extract  was  again  accompanied 
by  a  decline  in  pressure  almost  to  the  prehypertensive  level.  The  animals 
appeared  normally  active  and  healthy  throughout  this  period. 

Changes  in  pressure  following  tis.sue  implantation  are  recorded  in  Table  I. 
Changes  of  less  than  10  mm.  of  mercur\'  from  the  mean  pressure  were  not 
considered  significant.  Fourteen  of  the  22  animals  showed  a  significant 
fall  in  pressure  accompanied  in  all  instances  except  one  ( ^  1)  hy  a  local 
abscess  and  in  most  cases  by  anorexia  and  inactivity.  Depressor  effects 
were  noted  with  liver  and  spleen  as  well  as  with  kidney  tissue.  Although 
the  two  greatest  declines  occurred  with  kidney  tissue,  quantitative  dif- 
ferences cannot  be  evaluated  in  this  small  series.  In  general  the  greater 
the  change  in  pressure  the  longer  it  took  to  return  to  the  original  level. 
Only  one  of  the  nine  rats  {i^  I)  without  a  visible  abscess  showed  a  fall  in 
blood  pressure. 

DISCUSSION 

]Many  of  the  symptoms  associated  with  hypertension  have  no  direct  rela- 
tion to  the  elevated  pressure.  Symptomatic  improvement  often  occurs 
with  sedatives,  rest  and  a  variety  of  non-specific  remedies  (1,  3).  Sj'mpto- 
matic  relief,  however  desirable,  cannot  serve  as  a  criterion  for  depressor 
activity.  There  is  considerable  disagreement  concerning  the  blood  pres- 
sure reducing  power  of  various  therapeutic  measures  in  patients  (2).  This 
may  be  due  in  part  to  emotional  factors  and  differences  in  degrees  of  en- 
thusiasm incidental  to  treatment,  factors  which  are  not  important  in  the 
laboratory  animal. 

There  is  increasing  evidence  that  the  circulator}^  disorder  induced  in  ex- 
perimental animals  by  limitation  of  the  blood  flow  to  the  kidnej^s  resembles 
closely  that  seen  in  patients  with  so-called  essential  hypertension  (16). 
Tests  of  the  efficacy  of  therapeutic  agents  in  laboratory  animals  are  there- 
fore applicable  to  human  hypertensives.  Of  the  substances  studied,  ad- 
ministered in  doses  many  times  greater  than  that  advocated  for  man,  only 
two  possessed  detectable  blood  pressure  reducing  properties.  The  hypo- 
tensive effect  of  potassium  thiocyanate  was  definite  but  slight  and  was 
accompanied  by  signs  of  toxicit>-.  This  is  in  agreement  with  the  experience 
of  many  clinicians  (2) . 

The  renal  extract  was  the  only  substance  which  reduced  the  blood  pres- 
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f?iire  to  the  normal  level.  Two  groups  of  investigators  (17,  18)  using 
different  lines  of  reasoning  and  w  orking  independently  had  arrived  almost 
simultaneously  at  preparations  which  are  similar  if  not  identical.  The 
ability  of  these  substances  to  effectively  reduce  the  blood  pressure  in 
patients  with  hypertension  and  in  hypertensive  animals  constitutes  addi- 
tional evidence  in  favor  of  the  similarity  of  the  underh-ing  mechanism  in  the 
two  conditions. 

Our  observations  in  rats  with  perinephritis  agree  closely  \\-ith  those  of 
Grollman,  Harrison  and  Williams  (5)  in  partially  nephrectomised  animals 
and  suggest  that  the  basic  factors  responsible  for  the  elevation  in  blood 
pressure  are  the  same  in  both  types  of  hj-pertension.  By  the  same  token, 
the  difference  in  response  to  magnesium  therapy  between  our  animals  and 
those  with  hypertension  due  to  ergotamine,  reported  by  Rubin  and  Rapo- 
port  (12),  points  to  a  po&sible  difference  in  the  mechanism  of  the  elevated 
tension  in  the  two  groups. 

The  depressor  effect  of  tissue  implants  in  our  animals,  as  in  those  of 
Goldblatt  and  Kahn  (14),  was  not  specific  for  the  kidnej".  It  .seemed  to  be 
correlated  with  the  appearance  of  a  localised  necrotic  mass,  and  disappeared 
with  the  evacuation  of  the  abscess.  U.sually  the  local  necrosis  together 
with  the  fall  in  blood  pres.sure  occurred  on  the  second  or  third  day  after 
implantation.  In  two  instances  (rats  *  11  and  14)  no  changes  were  noted 
until  the  .seventh  or  eighth  days  when  both  the  lesion  and  the  decline  in 
blood  pressure  appeared  simultaneously.  If  absorption  of  a  specific  sub- 
stance from  the  kidney  were  the  cau.se  of  the  h\-potensive  effect  it  should 
have  taken  place  much  earlier.  A  fall  in  pre.s.sure  is  commonly  ob.sen-ed  in 
hypertensive  rats  and  dogs  during  respiratorA-  and  wound  infections.  In 
the  dog  it  does  not  appear  to  be  due  to  the  effect  of  fever  (19).  \Miatever 
the  mechanism  the  evidence  indicates  that  the  decline  in  pressure  is  asso- 
ciated with  the  presence  of  inflammation  whether  local  or  systemic. 

SUMiL\RY 

Studies  of  the  blood  pressure  reducing  properties  of  a  number  of  "hypo- 
tensive" agents  and  of  tissue  implantations  in  rats  with  chronic  hyperten- 
sion of  renal  origin  indicate  as  follows; 

1.  Er^-throl  tetranitrate,  bismuth  subnitrate,  allium  sati\Tim  (garlic 
extract)  and  dried  kidney  tissue  (nephritin)  are  without  effect.  Potassium 
thiocyanate  in  doses  which,  in  proportion  to  body  weight,  are  about  50 
times  those  advocated  for  man,  produce  a  slight  decline  in  pressure  accom- 
panied by  evidences  of  toxicity. 

2.  Magnesium  carbonate  and  .sulphate  are  ineffective.. 

.3.  An  extract  of  kidney  (Page)  reduced  blood  pressure  to  the  noiTnal 
level  during  the  period  of  admini.'^tration  of  the  extract. 

4.  A  fall  in  blood  pressure  occurs  following  subcutaneous  implantation  of 
strips  of  tissue  taken  from  the  kidney,  liver  and  spleen.    The  depressor 
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effect  is  correlated  with  the  presence  of  localised  necrotic  tissue  and  does 
not  seem  to  be  specific  for  the  kidney. 
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SUPPURATIVE  TENOSYNOVITIS  OF  THE  HAND 


A  Plan  of  Treatment 

JOHN  H.  GARLOCK,  M.D. 

[Chief,  First  Surgical  Service,  The  Mount  Sinai  Hospital] 

The  functional  results  of  the  surgical  treatment  of  acute  suppurative 
tenosynovitis  of  the  flexor  sheaths  of  the  hand  have;^  until  very  recently, 
been  far  from  satisfactory.  Even  under  the  most  favorable  circumstances, 
such  as  early  operation,  proper  technique,  prevention  of  secondary  con- 
tamination and  survival  of  the  tendons,  functional  disability  was  marked 
in  the  majority  of  cases.  In  1924, 1  reported  a  series  of  460  hand  infections, 
stressing,  particularly,  the  functional  results  in  the  various  forms  of 
infection.  Included  in  this  series  was  a  group  of  42  tendon  sheath  infec- 
tions that  were  subjected  to  careful  scrutiny  from  the  standpoint  of  the 
ultimate  functional  result. 

I  would  like  to  repeat  verbatim  a  paragraph  from  that  article  written 
seventeen  years  ago,  because  the  remarks  made  then  have  particular 
significance  at  this  time.  I  have  had  no  reason  to  change  my  views  as 
expressed  at  that  time  until  very  recently.  The  paragraph  reads  as  fol- 
lows: "I  believe  that  Kanavel's  remark,  'in  nearly  every  case  an  earlj^  diag- 
nosis can  be  made  and  the  function  of  the  hand  saved,'  is  too  optimistic. 
It  is  agreed  that  an  early  diagnosis  can  and  should  be  made  in  nearly  every 
case;  but  it  appears  that  in  an  appreciable  proportion  of  the  cases  with 
optimum  conditions  present  such  as  early  diagnosis,  cooperation  on  the 
part  of  the  patient  and  the  institution  of  proper  operative  and  postopera- 
tive treatment,  some  permanent  defect  in  function  remains."  Among  the 
42  cases  in  this  group,  in  only  six  instances  was  there  restoration  of  normal 
function,  i.e.,  14  per  cent  of  the  total. 

In  the  succeeding  years,  an  increasing  experience  with  this  disease  has 
not  been  fruitful  of  any  improvement  in  the  results  already  described. 
However,  with  the  advent  of  sulfonamide  therapy,  a  renewed  interest  was 
created  and  an  effort  was  made  to  effect  a  plan  of  treatment  which  would 
materially  diminish  the  functional  disability  previously  as.sociated  with  this 
type  of  infection.  This  communication  is  concerned,  therefore,  with  our 
recent  experiences. 

About  four  years  ago,  a  patient  was  admitted  to  the  hospital  with  an 
acute  tendon  sheath  infection  of  the  middle  finger  which  presented  such 
unusual  features  as  to  suggest  the  clinical  diagnosis  of  gonococcal  teno- 
synovitis.   Aspiration  of  the  involved  sheath  with  a  fine  hypodermic 
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net'tilc  yielded  a  few  drops  of  purulent  uraterial  which,  upon  smear,  demon- 
strated intra-  and  extra-cellular  gram  negative  diplococci,  and  upon  culture, 
the  o-onoeorcus.  The  patient  was  not  operated  upon.  Instead,  the  finger 
was  immobilized  in  partial  flexion,  i.e.,  the  position  of  rest,  and  the  patient 
was  given  three  hyperthermia  treatments.  There  was  a  dramatic  sub- 
sidence of  the  infection  and  the  patient  went  on  to  recovery  with  restoration 
of  complete  function  in  the  linger. 

The  favorable  outcome  in  this  instance  suggested,  with  the  advent  of 
the  sulfonamide  drugs,  an  extension  of  this  method  of  therapy  for  infections 
of  the  flexor  sheaths  caused  by  other  pyogenic  organisms.  Since  then  five 
patients  have  been  treated  by  the  method  to  be  described  and  the  func- 
tional results  have  been  so  uniformly  favorable  that  I  have  no  hesitancy  in 
recommending  it  as  the  procedure  of  choice  in  all  cases  of  suppurative 
tenosynovitis  of  the  hand. 

The  survival  or  death  of  the  flexor  tendons  during  or  following  a  sup- 
purative infection  will  depend  on  a  number  of  factors.  First  and  foremost, 
is  the  duration  of  the  disease  before  the  patient  seeks  treatment.  Ex- 
perience has  shown  that  if  the  infection  has  been  present  for  more  than  24 
hours,  the  chance  of  survival  of  the  tendons  will  be  very  little  indeed. 
Second,  the  degree  of  tension  within  the  sheath  by  inflammatory  products 
will  be  the  deciding  factor  in  obliterating  the  precarious  blood  supply  of 
the  tendons.  And  third,  as  I  indicated  in  1924,  the  introduction  of 
secondary  contaminating  organisms  after  operative  drainage  of  the  flexor 
sheaths  will  greatly  increase  the  risk  of  tendon  necrosis.  Any  method  of 
therapy  must  take  cognizance  of  these  three  factors.  Other  factors  be- 
yond the  control  of  the  surgeon  are  the  degree  of  virulence  of  the  infecting 
organism  and  the  resistance  of  the  patient. 

With  the  method  advocated,  the  surgeon  must  take  into  account  the 
duration  of  the  illness,  the  degree  of  tension  in  the  sheath  as  evidenced  by 
the  extent  of  swelling  of  the  finger,  palm  and  dorsum  of  the  hand  and  the 
identity  of  the  infecting  organism.  If  the  disea.se  is  less  than  24  hours  old, 
the  sheath  is  aspirated  under  aseptic  precautions  and  as  much  material  as 
possible  is  removed.  Smears  and  cultures  are  made  in  order  to  cjuickly 
identify  the  organism.  Sulfonamide  therapy,  preferably  by  the  intra- 
venous route,  is  immediately  instituted.  If  tension  and  swelling  in  the 
involved  part  is  only  moderate,  no  operation  is  done.  Instead,  the  finger 
is  immobilized  in  partial  flexion,  the  position  of  rest.  Wet  dressings  or  hot 
soaks  may  or  may  not  be  used.  I  believe  that  wet  dl-essings  probably  make 
for  the  patient's  comfort.  If  there  is  great  swelling  of  the  finger  and  ob- 
vious increased  tension  within  the  sheath,  operation  should  be  performed. 
This  should  consist  of  lateral  incisions  made  in  a  bloodless  field,  with  mul- 
tiple small  incisions  in  the  tendon  sheath.  Xo  drain  of  any  sort  should  be 
inserted  in  these  incisions.  After  a  light  dressing  is  applied,  the  finger  is 
immobilized  on  a  sterile  metal  splint  in  partial  flexion  and  the  hand  and 
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forearm  are  carefully  wrapped  in  sterile  towels.  The  dressings  should  not 
be  disturbed  for  three  or  four  days.  During  this  period,  sulfonamide 
therapy  is  continued.  At  the  first  dressing,  the  surgeon  will  be  agreeablj^ 
surprised  with  the  appearance  of  the  wounds.  Whereas,  formerly  the 
wounds  presented  an  unhealthy  soggA'  appearance  with  pumlent  discharge 
now  they  appear  dry  and  firm.  Healing  takes  place  quickly.  Because  of 
the  absence  of  pain,  early  effective  active  motion  may  be  started.  The 
rapid  retiu'n  of  function  has  been  particularly  noteworthy. 

In  the  five  cases  cited  above,  operation  was  performed  in  three  instances. 
A  hemolytic  streptococcus  was  cultured  in  four  cases  and  a  staphylococcus 
aureus  in  one.  In  the  four  patients  infected  with  the  streptococcus,  there 
was  return  of  complete  function.  In  the  fifth  patient,  there  is  some  limita- 
tion of  flexion,  but  the  finger  is  serviceable. 

The  functional  results  obtained  in  these  five  consecutive  cases  of  suppura- 
tive tenosynovitis  of  the  hand,  are,  in  my  experience,  vmique.  The  method 
advocated  in  this  report,  therefore,  merits  more  extended  use. 


PROPHYLACTIC  niPLANTATIOX  OF  ESTROGENS  FOLLOWING 
SURGICAL  AND  RADIUM  CASTRATION 


SAMUEL  H.  GEIST,  M.D.,  ROBERT  I.  WALTER,  M.D.,  and 
UDALL  J.  SALMON,  M.D. 

[From  the  Gynecological  Service  of  Dr.  S.  H.  Geist,  The  Mount  Sinai  Hospital,  New 

York  City] 

The  studies  of  numerous  investigators  have  estabhshed  the  fact  that  the 
ovaries,  in  addition  to  performing  the  function  of  ovulation,  play  a  very 
important  role  in  the  normal  endocrine  balance  of  the  female.  It  has  been 
shown  that  the  ovaries  produce  the  sterol  sex  hormone,  a-estradiol,  which 
regulates  the  production  of  gonadotropic  hormone  by  the  hj'pophj^sis  and 
stimulates  proliferation  of  the  epithelial  and  muscular  elements  of  the 
muUerian  tract,  and  also  acts  as  a  stabilizer  of  the  autonomic  nervous 
system.  It  has  furthermore  been  demonstrated  that  following  the  removal 
of  both  ovaries,  the  hypophysis  becomes  hyperactive  (1,  2,  3,  4,  5),  produc- 
ing excessive  amounts  of  gonadotropic  hormone,  which  can  be  detected  in 
the  blood  and  urine.  Ovariectomized  women  furthermore  develop  a 
progressive  atrophy  of  the  genital  tract  (6,  7)  and  manifest  a  wide  variety 
of  .symptoms.  Recent  studies  (8)  have  shown  that  the  hyperactivity  of 
the  hypophysis  can  be  detected  in  some  individuals  as  early  as  three  days 
after  the  removal  of  the  ovaries. 

The  rationale  of  estrogen  therapy  in  the  treatment  of  the  menopause 
syndrome  is  firmly  established.  Thus,  it  has  been  .shown  that  by  the  ad- 
ministration of  adequate  amounts  of  estrogens,  the  hyperactivity  of  the 
hypophysis  can  be  inhibited  (9,  10,  11,  12),  atrophy  in  the  genital  tract  can 
be  corrected  (13,  26),  and  the  varied  clinical  manifestation  of  autonomic 
imbalance  resulting  from  the  estrogen  deficiencj'  can  be  relieved.  In  view 
of  the  demonstrated  effectiveness  of  estrogens  in  restoring  the  normal 
pituitary-ovarian  balance  and  their  efficiency  in  relieving  the  menopausal 
symptoms,  it  seems  logical  to  attempt  to  prevent  the  estrogen  deficiency 
and  its  concomitant  somatic  and  psychic  disturbances  by  prophylactically 
administering  estrogens  to  patients  at  the  time  of  removal  of  both  ova- 
ries (U). 

The  subcutaneous  implantation  of  estrogens  affords  us  an  ideal  method 
for  this  purpose  by  providing  a  steady  source  of  estrogens  for  a  relatively 
long  period  of  time.  The  efficiency  of  this  method  of  administration  of 
estrogens  has  been  demonstrated  in  animals  (15,  16),  and  its  therapeutic 
effectiveness  in  the  treatment  of  the  menopause  proven  in  a  series  of  over 
150  cases  which  have  been  implanted  during  the  past  two  and  a  half  years 
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(17,  18,  19).  The  practical  therapeutic  value  of  estrogen  implantation  has 
been  confirmed  by  several  investigators. 

Our  studies  show  that  following  the  single  implantation  of  a-estradiol 
crystals  the  excessive  urinary  gonadotropic  hormone  excretion  in  ova- 
riectomized  women  can  be  inhibited  for  as  long  as  5  months  (19,  20); 
estrogenic  effects  in  the  endometrium  and  vaginal  muco.sa  are  demonstrable 
for  many  months  (18);  and  the  menopausal  symptoms  can  be  relieved  for 
periods  varying  from  4  months  to  2  years  (22).  In  ^  preliminary  report  we 
described  very  satisfactory  results  in  a  .series  of  36  ca.ses  implanted  proph}-- 
lactically.  Here  we  wish  to  present  the  results  of  an  augmented  series, 
including  several  patients  who  had  been  treated  with  radium. 

Methods  and  materials.  The  50  implantations  were  performed  on  46 
selected  patients  from  the  ward  service  who  required  bilateral  ovariectomy. 
The  indications  for  operation  were  variable  and  included  fibroid  uteri, 
ovarian  tumors  (benign  and  malignant),  carcinoma  of  the  uterus,  and 
chronic  adnexitis.  The  range  in  age  was  25  to  52  years,  the  majorit\'  of 
patients  being  40  to  45  years  of  age.  The  implantations  were  usually  per- 
formed on  the  day  of  operation  or  .several  days  thereafter.  Four  patients 
in  this  group  required  reimplantation  because  of  the  onset  of  menopausal 
symptoms.  Three  implantations  were  performed  on  patients  who  received 
intra-uterine  radium  therapy  for  metrorrhagia  associated  vrith  fibroids. 

Hormone  and  dosage.  Pellets  and  loose  crj'stals  of  chemically  pure 
estrogenic  hormone  were  used  in  this  stud^^  The  technique  of  the  im- 
plantation has  been  described  elsewhere  (17).  The  implanted  material 
con.sisted  of  loo.se  crystals  or  compressed  pellets  of  e.stradiol  and  estradiol 
benzoate  and  estrol  dipropionate.  The  total  do.se  in  each  ca.se  varied  from 
15  mg.  to  35.8  mg.  of  the  hormone. 

Residts.  The  ability  of  the  implantation  to  prevent  the  onset  of  hot 
flashes  was  employed  as  a  measure  of  the  therapeutic  efficiency  of  the 
procedure. 

In  this  .series  of  ca.ses  the  implantations  were  well  tolerated  under  the 
skin,  and  in  no  instance  was  there  evidence  of  infection  or  a  spontaneous 
extru,sion  of  the  pellets  or  crystals.  These  patients  have  been  observed 
since  implantation  for  periods  of  time  varj'ing  from  3  months  to  28  months. 
The  majority  of  the  patients  have  been  followed  for  more  than  9  months. 

None  of  the  patients,  with  one  exception,  experienced  hot  flashes  for  the 
first  3  months  post-implantation.  During  the  following  3  months  some  of 
the  patients  began  to  have  occasional  weak  flashes  which  in  the  majoritj^ 
did  not  increase  in  frequency'  or  severity.  Approximately  50  per  cent  of 
the  patients  experienced  no  flu.shes  during  the  period  of  time  under  ob- 
servation. 

Thirteen  patients  have  required  additional  estrogenic  therapy  because  of 
the  on.set  of  menopau.sal  sj'mptoms  at  periods  varying  from  3  to  11  months 
after  the  implantation.  Four  of  these  patients  have  been  reimplanted  and 
at  pre.sent  are  again  asymptomatic. 
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DISCUSSION 

The  above  results  are  difficult  of  evaluation  without  some  knowledge  of 
the  incidence  of  menopausal  symptoms  in  untreated  jiatients  following 
bilateral  ovariectomy. 

We  have  found  that  in  a  series  of  88  untreated  ovariectomized  women 
(14)  2G  per  cent  developed  symptoms  within  one  week  following  bilateral 
ovariectomy;  42  per  cent  within  2  weeks;  and  89  per  cent  within  12  weeks. 
These  results  stand  in  sharp  contrast  to  the  results  in  the  implanted  cases. 
None  of  the  latter  group  (with  the  exception  of  1  patient,  who  developed 
flushes  G  weeks  following  implantation)  experienced  symptoms  dining  the 
first  3  months  after  implantation.  The  3  patients  with  radium  induced 
climacteric  require  special  mention.  Each  of  these  patients  was  implanted 
with  approximately  17  mg.  of  a-estradiol  crystals.  They  have  been  ob- 
served for  3  months  and  have  been  asymptomatic  and  no  uterine  bleeding 
has  occurred.  Previous  (22)  experience  with  the  implantation  of  estrogens 
in  cases  of  spontaneous  menopause  has  .shown  that  the  implantation  of 
crystals  of  a-estradiol  in  amounts  varying  from  25  to  30  mg.  will  induce 
uterine  bleeding  in  more  than  50  per  cent  of  the  patients,  whereas  in 
patients  implanted  with  4  to  10  mg.  of  a-estradiol  no  bleeding  is  induced. 
It  was  also  noted  that  the  tendency  to  bleeding  following  implantation  of 
estrogens  in  patients  months  or  years  after  x-ray  or  radium  induced  ca.stra- 
tion  is  much  less  than  in  patients  following  the  natural  menopause.  The 
indication  for  the  use  of  radium  is  usually  excessive  uterine  bleeding. 
Therefore,  if  estrogens  are  to  be  used  prophylactically,  smaller  doses 
should  be  employed.  The  dose  u.sed  in  these  ca.ses  .should  be  between  15 
and  20  mg.  It  would  appear  that  theoretically  it  is  possible  to  prevent  the 
onset  of  menopausal  symptoms  indefinitely  by  repeated  prophylactic 
implantations  of  estrogens. 

This  study  has  demonstrated  the  feasability  of  preventing  the  occurrence 
of  the  menopausal  sj  ndrome  after  bilateral  ovariectomj^  or  radium  castra- 
tion by  the  single  procedure  of  prophylactic  estrogen  implantation. 
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Their  Origin  and  Clinical  Behavior  in  a  Series  of  Verified  Cases 
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Hospital,  New  York] 

Intracranial  aneurj'sms  are  no  longer  regarded  as  interesting  display 
specimens.  They  now,  not  infrequently  constitute  a  diagnostic  problem 
both  for  the  neurologist  and  the  general  practitioner.  Since  the  advent  of 
surgical  intervention  as  a  promising  therapeutic  measure,  it  becomes  ob- 
\  iou.s  that  there  is  great  need  for  their  earlier  clinical  recognition  and  precise 
localization.  This  in  turn  calls  for  a  thorough  investigation  of  the  cause 
and  the  varied  clinical  and  anatomical  behavior  of  this  vascular  anomaly  if 
better  leads  are  to  be  had  for  the  establishment  of  its  presence,  its  location 
and  adaptability  to  surgical  treatment.  To  meet  this  demand,  the  results 
of  a  fairly  large  number  of  pathological  and  clinical  studies  of  verified  or 
otherwise  identified  intracranial  aneurysms  are  now  available  (I  to  6).  To 
further  serve  this  purpose,  we  submit  our  account  of  clinical  and  anatomical 
findings  in  a  selected  series  of  aneurysms  of  cerebral  arteries. 

In  the  choice  of  the  selected  cases,  we  were  guided  by  a  desire  to  present 
the  somewhat  less  well  known  clinical  manifestations  and  an  anatomical  be- 
havior less  commonly  encountered  in  intracranial  aneurysms. 

.-1  brief  survey  of  the  known  data  pertaining  to  the  etiology  of  cerebral 
aneurysms  discloses  that  the  weight  of  evidence  favors  the  view  that  in  the 
majority  of  instances,  aneurysms  of  cerebral  arteries  are  to  a  great  extent 
the  result  of  an  acquired  pathologic  process  in  the  affected  area  of  the  in- 
volved ves.sel.  MacDonald  and  Korb  (7)  surveyed  1125  cases  assembled 
from  the  literature,  and  found  that  there  were  572  cases  in  which  the  larger 
cerebral  arterial  trunks  were  satisfactorily  described.  Of  these,  67.3  per 
cent  disclosed  pathologic  changes  in  the  cerebral  vessels  in  addition  to  the 
aneurysmal  formations.  In  49.5  per  cent  of  the  total  number  of  ca.ses  in 
which  the  vessels  were  found  to  be  diseased,  the  pathologic  proce.ss  was 
that  of  arteriosclero.sis.  Thus,  this  thorough  and  timely  analysis  by  Mac- 
Donald  and  Korb  points  to  the  predominance  of  arteriosclerosis  as  a  cause 
for  this  abnormal  focal  vessel  distension.  This  is  confirmed  by  Tuthill  (8) 
who  called  attention  to  splitting  and  reduplication  of  the  internal  ela.stic 
lamella  at  the  bifurcation  of  the  cerebral  arteries  undergoing  arteriosclerotic 
changes. 

Inflammatory  alterations  also  hold  a  prominent  place  in  the  causation  of 
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aneurysms  but  only  second  to  those  of  degeneration  (arteriosclerotic). 
Impaction  by  infected  emboli  from  an  ulcerating  endocardium  and  meta- 
static infections  involving  the  inner  layer  of  the  affected  vessel  are  common. 
Such  disease  proce.sses  usually  undermine  the  elasticity  and  resilience  of  the 
vessel  wall  which  eventually  yields  to  the  pressure  of  the  blood  .stream  and 
gives  rise  to  what  is  called  a  mycotic  aneurysm  (9,  10,  11). 

It  is  rather  surpri.sing  to  find  that  .syphilis  plays  a  minor  role  as  an  etio- 
logic  factor  in  cerebral  aneurysms.  Many  investigators  are  in  accord  with 
this  observation  (12,  13).  Recently,  Maa.ss  (14)  concluded  that  .syphilis 
was  the  most  common  cau.se  of  intracranial  aneurysm.  However,  hLs  ob- 
ser\'ations  on  eight  cases  of  cerebral  aneurysm  are  not  too  convincing. 

The  rather  high  incidence  of  normal  arteries  among  instances  of  proven 
aneurysmal  formations  is  significant.  It  .seems  to  support  the  view  held  by 
many  that  an  inherent  factor  exists  in  the  nature  of  a  congenital  structural 
defect  in  affected  blood  vessels,  predisposing  them  to  focal  .saccular  dis- 
tension. Eppinger  (15)  as  far  back  as  1887  called  attention  to  this  defect 
at  the  bifurcation  of  the  cerebral  arteries  as  an  antecedent  cau.se  for  aneurys- 
mal formation.  This  would  seem  to  find  support  in  the  frequent  oc- 
currence of  aneurysms  in  the  young  without  there  being  any  evidence  of  em- 
bolization or  degenerative  di.sease.  Others  have  adopted  and  modified 
this  view,  among  them  Forbus  (16).  More  recently  Forbes  (17)  found  in 
children  a  defective  development  in  the  muscular  coat  of  the  superficial 
blood  ve.ssels  of  the  brain.  This  defect  was  at  the  point  of  their  bifurcation, 
and  where  he  con.sidered  the  arterial  pres.sure  to  be  greatest.  He  regarded 
them  as  "weak  spots"  similar  to  those  pre.sent  in  ve.s.sels  in  instances  of 
cerebral  aneurysm.  To  some,  the  evidence  .so  far  presented  in  support  of 
this  view  may  not  be  convincing;  nevertheless,  it  Ls  quite  obviou.s  that  these 
ob.ser\^ations  are  in  accord  with  the  probability  that  both  the  inherent 
"weak  spots"  and  the  superimpo.sed  acquired  pathologic  process  are  com- 
plimentary factors  in  the  production  of  aneurysm.  The.se  findings  lend 
support  to  the  old  concept  of  the  "loom  minoris  resistenliae" .  Trauma  is 
another  etiological  factor  which  may  be  added  to  tho.se  already  mentioned. 
It  also  operates  as  a  provocative  agent  superimpo.sed  on  a  preexisting  defect 
in  the  vessel  wall. 

The  diagnosis  of  intracranial  aneurysms  is  a  problem  which  invites  a  few 
remarks  that  will  serv^e  the  immediate  purpose  of  this  report.  It  calls  for  an 
enumeration  of  the  more  characteristic  clinical  manifestations  of  cerebral 
aneurysms,  and  leads  to  a  brief  consideration  of  .several  phases  in  the  be- 
havior of  these  vascular  expansions.  First,  it  must  be  recalled  that  this 
type  of  expanding  lesion  defies  detection  in  the  early  stages  becau.se  of  its 
inherent  quality  of  slow  development.  No  .sjTnptoms  or  .signs  pointing  to 
its  existence  present  them.selves  until  the  vessel  wall  gives  way  suddenly  or 
reaches  a  .size  sufficient  to  effect  neighboring,  physiologically  .significant, 
structures  by  direct  pressure.    It  is  this  quality  of  resiliency  and  the  re- 
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suiting  adaptability  of  the  brain  tissue  which  permits  the  adjustment  to 
the  gradually  increasing  intracranial  tension  up  to  the  critical  point.  This 
explains  the  delay  in  appearance  and  the  not  infrefjuent  lack  of  identifying 
signs  and  symptoms  in  a  great  number  of  instances  of  cerebral  aneurysms. 
Suspicion  of  an  aneurysm  is  aroused  most  commonly-  only  when  its  forma- 
tion is  abrupt  or  when  it  reaches  such  a  size  as  to  precipitate  the  sym])toms 
and  signs  which  recently  have  come  to  be  recognized  as  tho.se  of  a  prol)able 
aneurysm.  Still  more  frequently,  this  recognition  is  aided  by  the  sudden 
development  of  constellations  of  clinical  manifestations  now  identified 
under  the  term  of  "spontaneous  .subarachnoid  hemorrhage"  (13),  a  .symp- 
tom-complex which  points  to  rupture  of  a  cerebral  aneurysm. 

Thus,  the  beha\'ior  of  the  common  example  of  an  aneurysm  reveals  itself 
in  a  slow  and  long  phase  of  its  de\  elopment,  and  a  sub.sequent  cour.se  which 
is  interrupted  at  one  time  or  another  by  an  explosive  phase,  not  uncom- 
monly a  fatal  one.  This  is  an  unfortunate  situation;  the  presence  of  the 
lesion  being  luirecognizable  until  a  time  when  radical  therapeutic  measures 
are  extremely  hazardous  or  of  little  \  alue.  It  calls  for  efforts  in  search  for 
leads,  which  would  permit  an  earlier  diagnosis.  Some  progress  has  been 
made  so  that  at  present  we  know  that  the  clinical  features  of  the  fully 
developed  cerebral  aneurj-sm  in  general  duplicate  those  encountered  in 
other  expanding  intracranial  lesions,  and  as  .such  may  l)e  classified  as 
general  and  focal  in  character. 

The  general  symptoms  and  bigns  of  an  intracranial  aneurysm:  Of  these,  the 
most  prominent  is  headache.  This  is  often  described  as  being  migrainous 
in  type  because  of  its  pulsating  character,  its  abrupt  onset  and  its  rapid  ri.se 
to  a  high  pitch,  causing  a  feeling  of  giddiness,  accompanied  l)y  nausea  and 
vomiting,  and  occasionally  associated  with  visual  disturbances.  The 
character  of  the  headaches  has  led  Adie  (19)  to  express  the  view  that  serious 
consideration  of  a  cerebral  aneurysm  must  be  given  in  instances  of  paroxys- 
mal headache  of  the  .so-called  ophthalmoplegic  migraine. 

Convulsive  .seizures  may  occasionally  usher  in  a  gra\'er  pha.se  in  the 
clinical  picture. 

Tinnitus  or  a  pulsating  noise  in  the  head  may  also  be  present. 

Papilledema,  on  the  other  hand,  so  constant  a  sign  of  increa.sed  intra- 
cranial ten.sion,  is  a  feature  often  missing  in  cerebral  aneurysms.  The  same 
holds  true  of  alteration  of  pulse  and  respiration,  unless  leakage  from  the 
aneurysm  or  vast  involvement  of  cerebral  ti.ssue  takes  place.  Naturally, 
when  the  appearance  of  signs  of  meningeal  irritation,  the  discovery  of 
blood  in  the  cerebrospinal  fluid  and  the  presence  of  retinal  hemorrhages,  are 
added  to  features  of  increased  intracranial  tension,  there  is  little  doubt  as  to 
the  existence  and  the  probable  state  of  an  intracranial  aneurysm. 

Focal  sigyis  of  intracranial  aneurysm  depend  upon  their  anatomical  re- 
lationship to  essential  areas  in  the  brain.  Though  every  large  and  me- 
dium sized  vessel  is  a  potential  seat  of  aneury.smal  formation,  there  are, 
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however,  some  arterial  trunks  which  are  most  commonly  the  seat  of  these 
anomalies.  The  following  vessels  are  usualh'  listed  in  the  order  of  their 
greater  frequency  of  involvement:  1)  middle  cerebral;  2)  internal  carotid; 
3)  anterior  cerebral;  4)  anterior  communicating;  5)  basilar;  6)  posterior 
communicating;  7)  posterior  inferior  cerebellar;  8)  vertebral;  9)  ophthal- 
mic; 10)  posterior  cerebral. 

This  order  of  incidence  was  obtained  by  combining  the  statistical  data 
as.sembled  by  Feam.sides  (2),  Church  (9),  Schmidt  (17),  and  Wicher  (20). 
It  is  rather  significant  that  MacDonald  and  Korb,  analyzing  a  much 
larger  number  of  cerebral  aneurysms  give  the  same  order  of  frequency 
with  which  the  cerebral  vessels  are  affected.  In  our  own  experience, 
though  based  on  a  small  series  of  ca.ses,  there  were  some  striking  devia- 
tions, which  will  become  ob\'ious  as  our  material  is  surveyed. 

Since  some  of  the  ve.ssels  at  the  point  of  origin  of  an  aneurysm  provide 
the  blood  supply  to  related  and  physiologically  significant  areas  of  the 
brain,  there  is  ample  reason  for  the  provocation  of  manifestations  of  a 
localizing  character  due  to  direct  implications  of  affected  areas  by  the 
altered  vessels.  It  is  not  only  the  pressure  of  the  aneurysmal  distention 
that  causes  the  local  cerebral  dysfunction,  but  also,  and  maj'be  more  .so, 
the  focal  retardation  or  complete  arrest  of  the  blood  stream. 

These  circumstances  are  likely  to  give  rise  to  .substantial  diagnostic 
leads  as  illustrated  by  the  more  common  and  better  known  aneurysmal 
SATidromes.  This  is  particularly  true  of  aneurysms  of  the  internal  carotid 
artery  where,  by  the  proximity  of  the  expanding  v  ascular  .sac  to  the  struc- 
tures running  through  the  cavernous  sinus  on  one  hand,  and  to  the  optic 
and  olfactory  nerves  on  the  other,  a  group  of  localizing  .signs  and  symp- 
toms are  precipitated.  They  include  amblyopia  or  hemianopias  of  various 
tvjjes,  dpiC'  changes  in  the  nature  of  optic  atrophy,  lo.ss  of  sense  of  smell, 
paralysis  of  the  homolateral  extrin.sic  and  intrin.sic  eye  muscles,  exoph- 
thalnios,  and  sensory  changes  in  the  distribution  of  the  ophthalmic  dW\- 
jsion  of  the  trigeminal  nerve.  Should  the  aneurysm  be  of  considerable 
size,  cau.sing  a  massive  disturbance  in  the  blood  supply  to  a  neighboring 
part  of  the  brain,  other  focal  manifestations  may  appear,  including  aphasia, 
if  the  le.sion  is  on  the  left  .side  in  a  right  handed  individual. 

In  instances  of  aneurysm  of  the  anterior  cerebral  artery,  because  of  its 
location  in  front  of  the  optic  chiasm,  in  the  neighborhood  of  the  olfactory 
nerve  and  the  frontal  lobe,  visual  field  disturbances,  loss  of  sen.se  of  smell 
and  psychic  manifestations  may  be  precipitated.  They  are,  however, 
not  too  reliable  in  definitely  locating  or  identifying  the  lesion. 

With  regard  to  the  posterior  communicating  artery,  it  is  .said  (and  oc- 
casionally found)  to  give  rise  to  oculo-motor  palsies  and  to  contralateral 
pyramidal  tract  involvement  (Weber's  syndrome). 

The  clinical  diagnosis  of  an  intracranial  aneurysm  in  the  greater  number 
of  instances  is  still  a  venture  too  often  disappointing  in  spite  of  the  exist- 
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encp  of  such  constellations  of  signs  and  symptoms,  (juite  characteristic 
of  aneurysms  in  a  few  selected  locations.  This  unsatisfactory  state  of 
affairs  finds  its  explanation  in  the  already  mentioned  mood  of  de\'elop- 
ment  and  behavior  of  such  a  lesion. 

In  the  past,  as  is  still  the  case,  the  diagnosis  was  most  commonly  es- 
tablished only  when  a  sudden  change  in  the  intracranial  aneurysm  woidd 
precipitate  a  series  of  events,  caused  l>y  its  rupture  or  by  its  massi\-e  im- 
plication of  related  brain  ti.ssue.  In  the  greater  number  of  such  instances 
a  fatal  termination  ensues  and,  of  these,  some  come  to  necropsy  thereby 
disclosing  the  offending  lesion.  A  definite  recognition  of  the  character 
of  the  lesion  would  thus  often  come  too  late  to  influence  the  management 
of  the  case  or  its  clinical  course.  However,  with  the  increasing  availa- 
bility of  non-toxic  radiopacjue  media  for  diagnostic  purposes,  substatices 
came  to  hand  which  promi.sed  to  be  of  decided  assistance  in  the  earlier 
diagnosis  of  intracranial  aneurysm.  As  recently  as  1927,  Moniz  (21)  in- 
troduced the  use  of  the  thorotrasl  for  the  visualization  of  the  arterial  tree 
in  the  brain.  This  substance  was  utilized  by  Dott  (22)  leading  to  satis- 
factory .surgical  intervention  in  several  ca.ses.  Because  of  the  likelihood 
of  it  being  injurious  to  the  nervous  ti.>^sue  it  was  abandoned.  Recenth^ 
Gross  (23)  employed  Diotrast,  another  radiopaque  medium  with  good 
results.  Immediately  following  the  injection  of  this  substance  into  the 
common  carotid  artery  an  x-ray  filming  of  the  head  is  carried  out.  The 
vessels  at  the  base  of  the  brain  are  visualized  and  any  striking  alteration 
in  their  calibre  detected.  This  substance  must  be  u.sed  in  proper  dilu- 
tion, quantity  and  temperature. 

Such  a  method  is  exceedingly  useful  in  the  differential  diagnosis  and 
the  determination  of  surgical  intervention.  However,  the  greatest  ad- 
vantage from  this  diagnostic  procediue  will  be  obtained  only  Avhen  great 
care  and  seasoned  judgment  are  exercised  in  the  choice  of  subjects  be.st 
adapted  to  undergo  this  procedure. 

This  caution  and  demand  for  a  conservative  attitude  toward  this  prom- 
ising diagnostic  step,  is  prompted  by  the  findings  in  the  following  ca.se 
reports,  which  call  attention  to  the  site,  .size  and  conditions  of  the  aneur- 
y.sms  as  well  as  to  the  grave  and  massive  alterations  they  often  cause  in 
the  neighboring  brain  tissue  and  its  coverings. 

CASE  REPORTS 

Case  1.  Aneurysm  of  (he  anterior  communicating  artery;  two  episodes  of 
subarachnoid  hemorrhage  in  the  course  of  thirty  years. 

History  (as  given  from  memory  by  Dr.  B.  S.  Oppenheimer) .  "In  December  1!)()7 
or  possibly  early  January  1908,  M.  R.  M.,  (G  26),  then  a  man  aged  42,  became  sviddenly 
violently  ill:  he  suffered  with  excruciating  headache  and  projectile  vomiting.  When 
seen  by  me  he  already  developed  neck  rigidity  and  I  performed  a  lumbar  ])uiicture. 
The  fluid  I  obtained  was  somewhat  blood}-.    (The  blood  was  probably  not  traumatic, 
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for  I  was  quite  expert  in  doing  lumbar  punctures  at  that  period  as  I  had  been  through 
an  epidemic  of  meningitis  at  The  Mount  Sinai  Hospital) .  On  a  subsequent  puncture 
the  fluid  was  xanthochromic.  He  was  quite  sick  for  over  four  months,  until  May  of 
1908.  During  that  time,  I  recall,  he  had  headache,  paresis  of  some  ocular  muscles 
and  absent  knee  jerks.  He  was  irrational  for  some  time  and  had  involuntary  urina- 
tion and  defecation.  Dr.  Emanuel  Libman  and  Dr.  George  Jacoby  saw  him  with  me 
in  consultation  repeatedly.  The  diagnosis  was  uncertain:  the  cerebrospinal  fluid 
was  sterile:  and  the  white  blood  cell  count  in  the  fluid  was  higher  than  that  in  the 
peripheral  blood  (another  reason  for  believing  the  blood  in  the  cerebrospinal  fluid  was 
nontraumatic).  There  was  no  evidence  of  syphilis  either  in  the  history  or  on  exam- 
ination; and  subsequently  the  Wassermann  reaction  was  found  to  be  negative.  He 
manifested  no  evidence  of  nephritis  or  arteriosclerosis.  I  recall  that  I  considered 
serous  meningitis,  but  the  slightly  bloody  fluid  did  not  fit  in  with  that  diagnosis. 
After  the  first  four  stormy  weeks  during  which  he  was  irrational,  he  began  to  recover 
gradually.  He  remained  well  until  the  early  part  of  December  1923,  when  he  began 
to  experience  precordial  (anginal)  pain.  Two  years  later,  he  had  an  attack  of  dizzi- 
ness and  vomiting,  but  this  cleared  up  with  rest.  He  was  in  constant  fear  of  a  recur- 
rence of  the  1907  episode.  In  1931  an  x-ray  examination  of  his  chest  revealed  a 
widened  aorta  and  the  electrocardiogram  disclosed  a  left  ventricular  preponderance. 
His  blood  pressure  remained  somewhat  low  until  1932,  when  it  was  found  to  be  154 
systolic  and  90  diastolic. 

"He  had  always  a  tendency  to  spontaneous  hemorrhages  in  his  skin,  so  I  referred 
him  to  Dr.  Alfred  F.  Hess  who  failed  to  throw  any  light  on  this  condition.  These 
spontaneous  hemorrhages  appeared  not  only  in  various  parts  of  the  skin,  but  on  one 
or  two  occasions  in  the  subconjunctiva,  without  known  effort  such  as  coughing.  In 
1933,  another  electrocardiogram  showed  left  axis  deviation,  but  no  positive  evidence 
of  myocardial  involvement.  In  1935  he  complained  of  anginal  pains  from  time  to 
time  and  his  blood  pressure  was  160  systolic  and  104  diastolic. 

"On  May  27,  1937  he  came  to  my  office  complaining  of  periodic  headaches  for  the 
preceding  four  months.  His  sinuses  were  examined  and  found  not  responsible  for 
the  headaches.  An  x-ray  examination  of  the  skull  was  reported  as  negative.  He 
looked  well  and  his  blood  pressure  was  136  systolic  and  80  diastolic.  An  electro- 
cardiogram showed  left  ventricular  preponderance  without  evidence  of  myocardial 
involvement. 

"On  July  13,  1937  he  returned  complaining  of  pain  in  the  'appendix  region'.  His 
headaches  had  entirely  disappeared.    There  was  no  appendicitis. 

"He  was  seen  again  on  September  20,  1937,  when  he  complained  of  some  sacro-iliac 
pain.    He  had  no  symptoms  referable  to  the  head. 

"On  October  30,  1937  he  was  suddenly  seized  with  "excruciating"  headache  fol- 
lowed by  a  rapid  development  of  numbness  and  weakness  of  both  lower  extremities. 
Very  soon  thereafter  he  lapsed  into  stupor.  In  view  of  the  bilateral  involvement  of 
the  lower  extremities  a  diagnosis  of  sagittal  sinus  thrombosis  was  considered.  A 
neurologist  was  consulted,  who  found  no  localizing  signs  beyond  the  loss  of  power  in 
both  legs  and  in  view  of  the  history  as  given  to  him  and  the  other  clinical  features  he 
agreed  to  the  probable  diagnosis  of  thrombosis  of  the  superior  longitudinal  sinus. 

"He  died  within  twenty-four  hours  after  the  onset  of  symptoms." 

Necropsy  findings .  Brain.  Gross.  The  brain  was  voluminous.  A  large  quantity 
of  dark,  fluid  blood  filled  the  subarachnoid  space,  particularly  in  the  region  of  the 
lateral  sulci  and  along  the  mesial  aspect  of  the  two  cerebral  hemispheres.  A  fairly 
large  clot  of  blood  was  found  in  the  front  of  the  corpus  collosum  in  the  depth  of  the 
anterior  extension  of  the  dorsal  longitudinal  fissure.  At  that  point  the  blood  which 
was  found  in  the  subarachnoid  space  was  thickly  adherent  to  the  arachnoid  and  could 
only  be  detached  with  difficulty.    At  the  base  of  the  brain  the  cisterns  were  filled  with 
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blood  and  anterior  to  the  cislerna  pcduncularis  and  close  to  the  base  of  the  ventral 
extension  of  the  dorsal  longitudinal  fissure  there  was  a  fairly  large,  well  calcified 
aneurysm  (fig.  IB)  springing  from  the  anterior  communicating  artery.  It  showed  a 
large  defect  in  its  middle  which  was  probably  the  break  through  which  the  hemor- 
rhage took  place.  The  other  vessels  were  unusually  well  preserved  and  showed  a  few 
small  atheromatous  plaques. 

On  sectioning  the  brain,  the  ventricles  were  found  to  be  markedly  dilated  and  there 
was  blood  within  the  ventricular  sj'stem.  There  was  a  defect  at  the  base  of  the  brain, 
creating  a  communicating  channel  between  the  subarachnoid  space  and  both  anterior 
horns  of  the  lateral  ventricles  (fig.  lA).  The  tegmentum  of  the  midbrain  and  pons 
showed  marked  disorganization  and  hemorrhagic  extravasation. 

Comment.  The  wall  of  the  aneurysm  which  was  found  to  be  thick  and  calcified 
gave  evidence  of  being  of  old  standing.  This  finding  permits  the  supposition  that  it 
pre-existed  the  first  episode  of  spontaneous  subarachnoid  hemorrhage.  It  is,  of 
course,  reasonable  to  assume  that  the  first  hemorrhage  into  the  subarachnoid  space 


Fig.  1  A  (Case  1).  Coronal  section  of  the  brain,  showing  ventricular  and  sub- 
arachnoid hemorrhage  with  the  defect  at  the  base  of  the  brain,  the  seat  of 
the  aneurysm. 

B.  Aneurysm  of  the  anterior  communicating  artery  in  Case  I. 

was  caused  by  leakage  from  this  aneurysm,  as  no  other  aneurysms  were  found,  and  the 
condition  of  the  one  found  could  well  account  for  the  first  hemorrhage.  It  is  a  rather 
striking  history  but,  nevertheless,  points  definitely  to  the  possibility  of  a  patient 
recovering  from  a  ruptured  aneurysm  and  remaining  undisturbed  by  the  aneurysmal 
vessel  for  thirty  years,  until  the  vessel,  undergoing  progressive  degenerative  changes, 
suffers  a  larger  break  to  cause  a  fatal  hemorrhage  into  the  subarachnoid  space  and 
through  a  defect  in  the  brain  the  flooding  of  the  ventricular  system.  Of  interest 
also  are  the  hemorrhagic  skin  and  conjimctival  lesions,  manifestations  not  uncom- 
monly encountered  in  instances  of  cerebral  aneurysms. 

Case  2.  Aneurysm  of  anterior  communicating  artery,  with  terminal  intra- 
cerebral, intraventricular  and  subarachnoid  hemorrhage. 

History  (Adm.  547499;  P.M.  10962).  E.  S.,  a  woman,  aged  50  years,  entered  the 
hospital  on  October  28,  1938.    At  the  age  of  12  she  had  passed  through  an  episode 
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of  urinary  retention  lasting  six  days,  following  which  she  said  she  was  afflicted  by 
a  "crippled  spine.'*  During  the  year  before  her  admission  to  the  hospital  the  pa- 
tient had  had  several  conjunctival  hemorrhages  in  the  left  ej'e,  each  of  which  lasted 
a  few  weeks.  She  had  also  experienced  occasional  headaches.  Two  nights  before 
her  admission  she  suddenly  awoke  and  discovered  that  her  middle  and  ring  fingers 
of  the  right  hand  felt  swollen  and  numb.  These  sensations  lasted  about  five  min- 
utes. On  the  morning  of  her  admission  to  the  hospital  she  was  on  her  knees  washing 
the  floor  and,  while  attempting  to  rise,  was  seized  with  a  sudden  severe  headache 
and  fainted.  She  regained  consciousness  in  a  little  more  than  one  hour,  (according 
to  her  husband)  and  complained  of  occipital  headache. 

Examination.  The  patient  was  moderately  cyanotic  and  her  conjunctivae  were 
very  pale.  She  vomited  shortlj'  after  her  admission;  and  seemed  to  have  pain  in 
the  head,  but  fell  asleep  when  left  undisturbed.  The  heart  sounds  were  distant 
and  of  poor  quality.    The  blood  pressure  was  120  systolic  and  80  diastolic. 

Neurological  status.  The  pupils  were  unequal,  the  right  larger  than  the  left  and 
the  optic  discs  showed  moderate  temporal  pallor;  there  were  two  flame  shaped  hem- 
orrhages in  the  right  fundus.  The  deep  reflexes  were  hyperactive.  Only  the  left 
upper  abdominal  reflex  was  elicited.  The  plantar  response  was  equivocal  on  both 
sides.    There  was  some  impairment  of  recent  memory. 

Laboratory  data.  Urine:  albumin,  one  plus.  Cerebrospinal  fluid:  blood}-;  initial 
pressure,  240  mm.  of  water;  Ayala  index,  2.3.  Blood  count:  17,000  leucocytes  with 
90  per  cent  polymorphonuclear  neutrophiles.  Hemoglobin,  70  per  cent.  Blood 
Wassermann  test,  negative.  Blood  sugar,  125  mg.  per  cent;  urea  nitrogen,  23  mg. 
per  cent. 

Course.  The  diagnosis  of  an  intracranial  hemorrhage,  either  intracerebral  or 
subarachnoid,  with  bleeding  into  a  tumor  as  another  possibility,  were  considered. 
On  the  second  day  in  the  hospital  stiffness  of  the  neck  developed.  A  slight  weak- 
ness of  the  right  side  of  the  face  appeared.  The  Hoffman  sign  appeared  on  both 
sides;  and  the  Babinski  sign  became  frankly  positive  on  the  left  side.  On  the  third 
day  her  headache  had  subsided  and  all  abdominal  reflexes  became  active.  The  ri- 
giditj'  of  the  neck  subsided  and  the  Babinski  sign  disappeared.  She  complained 
of  a  sensation  of  pressure  within  her  eyeballs,  which  were  found  tender  to  pressure. 
Toward  evening  of  that  day  she  suddenly  developed  Che\'ne-Stokes  breathing  for 
a  period  of  five  minutes,  and  a  marked  generalized  pallor,  remaining,  however, 
fully  conscious.  Her  pupils  were  noted  to  be  small  though  equal  and  active.  On 
the  fourth  day  she  complained  of  general  weakness  and  headache.  At  this  time 
the  right  pupil  was  found  to  be  larger  than  the  left.  On  the  fifth  day  fresh  hemor- 
rhages were  noted  in  both  fundi.  On  the  eighth  day  she  displayed  mental  signs, 
was  noisy,  alternatelj'  facetious  and  irritable.  On  the  ninth  daj-  she  passed  through 
a  convulsive  episode  when  she  was  found  staring  into  the  distance  and  apparently 
unconscious.  The  upper  limbs  were  in  flexion,  the  lower  limbs  being  extended. 
Several  minutes  later  her  head  turned  to  the  left  and  clonic  movements  of  the  left 
arm  and  leg  set  in.  There  was  noted  bilateral  ptosis  of  the  eyelids,  especially  of 
the  right,  and  respiration  became  stertorous  and  irregular.  She  sank  into  coma. 
A  lumbar  puncture  yielded  bloody  cerebrospinal  fluid  under  increased  pressure 
(450  mm.  of  water).    She  died  shortly  afterwards. 

Necropsy  findings.  Brain.  Gross.  Over  both  temporal  lobes  there  was  diffusely 
spread  dark  and  clotted  blood.  Reddish  discolorations  were  scattered  over  both 
convexities.  The  right  Sylvian  fissure  contained  a  blood  clot.  An  extensive  dark 
subarachnoid  blood  clot  obscured  the  base  of  the  brain,  and  was  also  present  over 
the  cerebellum.  Blood  filled  the  cerebello-medullary  cistern  and  encircled  the  spi- 
nal cord  in  its  cervical  segments. 

The  junction  of  the  middle  cerebral  arteries  with  their  corresponding  posterior 
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commissural  arteries  looked  grossly  iionn'al.  The  right  olfactory  sulcus  was  dam- 
aged during  the  removal  of  the  hrain  and  on  inspection  this  region  presented  a  pro- 
jecting blood  clot. 

On  sectioning  of  the  brain,  a  hemorrhage  within  the  left  frontal  pole  was  found 
extending  backwarils  to  involve  the  corpus  eallosum  (fig.  2A).  At  that  point  the 
hemorrhagic  mass  was  continuous  with  one  in  the  adjacent  anterior  horn  of  the 
lateral  ventricle.  Both  lateral  ventricles,  the  third  ventricle,  the  aqueduct  of 
Sylvius,  and  the  fourth  ventricle  were  all  filled  with  blood.  A  ruptured  aneurj'sm 
was  found  attached  at  a  point  of  junction  of  the  two  anterior  cerebral  arteries  (fig. 
2B).    It  seemed  to  gravitate  to  the  left. 

Comment.  Apparently  the  course  of  events  in  this  instance  was  as  follows:  The 
aneurj'sm  caused  the  formation  of  an  area  of  eneephalomalacia  in  the  left  frontal 
lobe.  This,  as  the  aneurysm  rujitured,  served  as  an  area  of  lowered  resistance  and 
j)ermitted  the  bleeding  to  spread  into  the  area  of  softening.    The  blood  ultimately 


Fig.  2  .\  (Case  2).  Longitudinal  section  of  the  brain,  showing  intracerebral, 
intraventricular  and  subarachnoid  hemoirhage.  Xote  defect  in  anterior  horn  of 
the  lateral  ventricle. 

B.  Aneurysm  of  the  anteiior  communicating  arterj'  in  C'ase  2. 

broke  through  a  zone  of  necrotic  tissue  into  the  adjacent  ventricular  compartment, 
this  in  turn  was  followed  by  the  spread  of  the  blood  through  the  subarachnoid  space. 

Of  significance  are  some  of  the  events  in  the  past  history  of  the  patient.  The 
vague  cerebral  manifestation  in  her  childhood,  such  as  the  urinary  retention  and 
"crippled  spine,"  could  well  have  been  a  mild  leakage  from  a  congenital  aneurysm, 
the  same  aneurysm  which  at  the  age  of  50,  38  years  later  caused  the  fatal  bleeding. 
The  conjunctival  hemorrhages,  which  appeared  during  her  last  year  of  life,  is  a 
condition  often  encounterctl  in  instances  of  cerebral  .aneurysm.  It  was  found  also 
in  Case  1. 

Case  3.    Aneurysm  of  anterior  communicating  artery. 

History  (Adm.  477618;  P.M.  11944).  L.  H.,  a  man,  aged  56,  was  admitted  to  the 
hospital  with  a  temperature  of  102°F.  and  too  acutely  ill  to  give  a  detailed  history. 
He  was  in  the  habit  of  consuming  more  than  one  pint  of  alcohol  a  day  for  many 
years  until  six  years  ago  when  the  onset  of  severe  headaches  forced  him  to  stop 
drinking.    These  headaches  would  recur  several  times  a  month,  would  last  several 
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hours  and  disappear  spontaneously.  Six'  days  before  entering  the  hospital,  while 
reading,  he  felt  his  head  and  face  suddenly  suffuse  with  blood;  simultaneously  he 
developed  an  intense  occipital  and  frontal  headache  which  persisted  day  and  night 
to  the  time  of  admission,  preventing  sleep  and  work. 

Examinalion.  Temperature  101 .2°F.  Pulse  88.  Respiration  20.  The  patient 
was  a  thin  middle  aged  man,  apparently  in  distress  from  constant  frontal  headache. 
His  face  was  so  flushed  as  to  suggest  a  "sunburn."  His  blood  pressure  was  135 
systolic  and  70  diastolic.  His  sensorium  was  clear.  There  was  slight  eyeball  ten- 
derness. There  was  neck  rigidity  accompanied  by  a  bilateral  Kernig  sign  and  un- 
equal pupils,  the  right  being  larger  than  the  left.  Hypertensive  retinopathy  was 
noted.    Meningeal  irritation  due  to  subarachnoid  bleeding  was  diagnosed. 

Laboratory  data.  Urine,  blood  chemistry  and  serology,  hemoglobin  and  red  blood 
cell  count  were  within  normal  limits.  White  blood  cells,  12,000  per  cu.  mm.  with 
a  normal  differential  count.  A  lumbar  puncture  disclosed  grossly  bloody  cerebro- 
spinal fluid  with  successive  specimens  being  identical.  The  initial  pressure  of  170 
mm.  of  water  dropped  to  90  mm.  of  water  with  removal  of  20  cc.  of  fluid.  The  super- 
natant fluid  was  xanthochromic.  Electroencephalographic  studies  showed  a  "slight 
degree  of  diffuse  cerebral  dysfunction.  No  indication  of  focal  pathology."  An 
electrocardiogram  was  reported  as  negative. 


Fig.  3  A  (Case  3).  Coronal  sections  of  the  brain,  showing  the  large  defect  in  the 
frontal  lobe  communicating  with  the  homolateral  ventricle. 

B.  Aneurysm  of  the  anterior  communicating  artery  in  Case  3. 

Course.  His  condition  remained  satisfactory  except  for  a  daily  rise  in  tempera- 
ture, ranging  between  99°  and  102°F.  A  second  lumbar  puncture  on  the  fourth 
daj^  showed  the  initial  pressure  to  be  160  mm.  of  water;  cerebrospinal  fluid  was 
j^ellow  and  gave  a  four  plus  Pandy  reaction;  there  were  no  red  blood  cells.  On  the 
seventh  day  the  patient  suddenly  began  to  breath  stertorously  and  failed  to  re- 
spond; 10  minutes  later  his  left  eye  remained  open  while  the  right  was  closed  and 
both  pupils  were  dilated  and  failed  to  react  to  light.  The  deep  reflexes  were  exag- 
gerated and  there  was  a  bilateral  Babinski  sign.  The  neck  was  rigid  and  the  Kernig 
signs  were  marked.  Another  lumbar  puncture  showed  grossh-  bloody  cerebrospinal 
fluid  with  an  initial  pressure  of  400  mm.  of  water.  The  patient  developed  convul- 
sive movements  of  his  head  and  left  hand  and  died  an  hour  later. 

Necropsy  findings.  Brain.  Gross.  A  large  area  of  softening  was  present  in  the 
right  frontal  pole;  it  was  occupied  bj'  a  blood  clot  measuring  5  cm.  in  diameter  and 
projecting  into  the  subarachnoid  space  through  a  1  cm.  opening  on  the  antero-inferior 
surface  of  the  right  frontal  lobe  (fig.  3A).  During  manipulations,  the  clot  was 
accidentally  expressed  from  the  cavity.  The  blood  vessels  at  the  base  of  the  brain 
showed  moderate  arteriosclerotic  changes  and  the  circle  of  Willis,  though  intact, 
appeared  compressed  and  distorted  by  the  right  cerebral  pathology.  An  aneurysm 
of  the  right  anterior  cerebral  artery  was  found.  A  second,  smaller  focus  of  soften- 
ing was  discovered  on  the  postero-inferior  surface  of  the  left  cerebellar  hemisphere. 
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Small  blood  clots  wvrc  present  in  the  cisterna  magna  aiul  hasalis.  On  further  in- 
vestigation a  small  circular  aneurysm  (fig.  3B)  was  found  arising  from  the  anterior 
communicating  artery.  A  small  opening  was  noted  in  that  aneurysm  hut  it  was 
difficult  to  say  whether  it  was  not  artificially  produced  for  it  was  not  surrounded 
by  extravasated  blood. 

On  sectioning  a  large  area  of  hemorrhage  was  fonnd  extending  from  the  tip  of 
the  frontal  lobe  all  the  way  back  through  the  white  substance  reaching  a  point  on 
a  level  with  the  posterior  end  of  the  corpus  striatum.  This  hemorrhage  was  found 
in  the  right  hemisphere  and  occupied  almost  the  entire  white  substance  in  the  anterior 
two-thirds  of  the  frontal  lobe.  Posteriorly  it  extended  so  as  to  almost  completely 
destroy  the  white  matter  of  the  insula  laterally  without  impinging  upon  the  striatum 
and  the  internal  capsule.  .\  small  hemorrhagic  area  was  found  iti  the  midbrain  in 
its  right  tegmentum.  Coagulated  blood  was  also  found  in  the  lateral  ventricle  on 
the  side  homolateral  with  the  hemorrhage.  Blood  was  also  found  in  the  fourth  ven- 
tricle and  some  in  the  third  ventricle.  On  removal  of  the  blood  clot  a  cavity  showed 
a  discolored  wall  and  on  sectioning,  there  was  an  impression  of  a  thin  capsule  lining 
the  cavity. 

Case  4-  Aneurysm  of  right  anterior  cerebral  artery,  with  recurrent  episodes 
of  spontaneous  subarachnoid  hemorrhage;  clinical  picture  of  sinus  infection. 

History  (Adm.  413991 ;  P.  M.  10515).  I.  P.,  a  young  man,  an  instructor  in  physical 
training,  31  years  of  age,  was  brought  to  the  hospital  for  the  first  time  on  August  20, 
1937.  Two  months  previously,  he  passed  through  an  episode  of  sudden  chilliness 
and  generalized  weakness.  The  next  day  while  bending  over  he  was  seized  with 
sudden  and  severe  pain  at  the  back  of  his  head.  This  pain  persisted  for  several 
days.  He  was  seen  by  a  physician  who  treated  him  successfully  for  sinusitis  and 
his  headaches  soon  disappeared.  He  remained  well  for  about  six  weeks.  On  August 
2,  while  performing  calisthenics,  the  headache  suddenly  returned  and  was  accom- 
panied by  stiffness  of  the  neck  and  a  feeling  of  faintness.  Xo  account  was  available 
of  his  condition  during  the  next  11  daj's,  but  at  the  end  of  that  period,  severe  head- 
aches set  in  and  on  .\ugust  13,  while  exercising,  he  suddenly  lost  consciousness  for 
a  few  minutes.  With  the  return  of  consciousness,  he  experienced  severe  pain  in 
the  front  and  on  top  of  his  head.  He  was  again  treated  for  sinusitis,  and  at  first 
seemed  to  improve,  but  on  the  day  before  admission  severe  headache  and  stiffness 
of  the  neck  returned  and  persisted. 

Examination.  The  patient  appeared  acutely  ill ;  he  was  somewhat  drowsy.  There 
was  slight  tenderness  over  the  frontal  and  ethmoid  sinuses  and  a  profuse  muco- 
purulent postnasal  discharge  was  present.  His  head  was  held  in  slight  retraction, 
the  neck  was  stiff  and  a  bilateral  Kernig  sign  was  elicited.  The  blood  pressure 
was  118  systolic  and  72  diastolic. 

Laboratory  data.  The  cerebrospinal  fluid  was  xanthochromic  and  contained  8700 
red  blood  cells  and  650  white  blood  cells  per  cu.  mm.  of  which  64  per  cent  were  poly- 
morphonuclear leucocytes;  its  initial  pressure  was  140  mm.  of  water.  There  were  no 
organisms  on  smear;  a  culture  of  the  fluid  was  negative; sugar  15  mg.  per  cent;  chlor- 
ides as  sodium  chloride,  640  mg.  per  cent;  total  protein  108  mg.  per  cent.  Blood: 
white  blood  cells,  17,200  per  cu.  mm.,  of  which  74  per  cent  were  polymorphonuclear 
leucocytes.  Other  blood  examinations,  including  the  Wassermann  test  were  nega- 
tive as  was  the  urinalysis.  X-ray  examination  of  the  sinuses  and  of  the  spine  were 
reported  as  negative. 

Course.  Mucopurulent  material  was  obtained  on  irrigation  of  the  ethmoid  si- 
nuses. Because  of  the  high  proportion  of  leucocytes  in  the  cerebrospinal  fluid,  it 
was  felt  that  the  sinusitis  was  an  important  factor  in  producing  the  meningeal  irri- 
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tation.  A  bilateral  sphenoethmoidectomy  was  performed  and  an  empyema  of  the 
right  sphenoid  was  found  as  well  as  a  left  sphenoiditis,  and  bilateral  ethmoiditis. 
A  culture  of  the  pus  showed  B.  coli  and  Staphylococcus  albus.  A  biopsy  of  the 
mucous  membrane  was  reported  as  showing  no  significant  changes. 

D  uring  the  patient's  nineteen  daj's  in  the  hospital  the  stiffness  of  the  neck  and 
the  headache  gradually  diminished  and  he  was  symptom-free  as  he  left  the  hospital. 
His  first  four  days  at  home  were  spent  in  bed  while  apparently  maintaining  good 
progress  toward  recovery,  but  on  the  morning  of  the  fifth  day  he  was  awakened  by 
headache  and  five  minutes  later  passed  through  a  convulsive  episode.  He  was 
brought  to  the  hospital  two  hours  later. 

ExumiriMlion  (second  admission,  September  13,  1937).  The  patient  was  confused 
and  incoherent.  His  blood  pressure  was  90  systolic  and  60  diastolic.  The  pulse 
rate,  55  per  minute;  the  temperature,  96.4°F.;  and  respirations  16  per  minute.  He 
displayed  stiffness  of  the  neck  and  a  bilateral  Kernig  sign.  Both  discs  were  slightly 
blurred.  The  pupils  were  small  (he  received  morphine  shortly  before  admission). 
All  the  deep  tendon  refle.xes  were  considerablj'  depressed.    There  was  no  response 


A  B 
Fig.  4  A  (Case  4).    Coronal  sections  of  the  brain  showing  a  large  hemorrhagic 
defect  in  the  frontal  lobe,  communicating  with  the  homolateral  ventricle. 

B.  Section  showing  recanalization  of  partially  thrombosed  aneurysm  in  Case  4. 

to  plantar  stimulation.  The  cerebrospinal  fluid  was  found  to  be  bloody  with  an 
initial  pressure  of  340  mm.  of  water. 

Course.  Three  hours  after  admission,  the  patient  became  comatose.  There  ap- 
peared an  occasional  convulsive  movement  of  the  upper  eyelids.  The  pulse  and 
respirations  gradualh'  slowed  and  he  ceased  five  and  one-half  hours  after  admission. 

Necropsy  findings.  Brain.  Gross:  There  was  a  mass  of  clotted  blood  covering 
the  midbrain,  pons  and  medulla  and  totally  obscuring  the  structures  at  the  base 
of  the  brain. 

On  sectioning,  the  first  striking  alteration  that  came  into  view  was  the  presence 
of  a  circumscribed  area  of  softening  into  which  the  hemorrhage  took  place.  This 
area  was  found  directly  underneath  the  genu  of  the  corpus  collosum,  verj'  close  to 
the  lip  of  the  anterior  ventral  extension  of  the  dorsal  longitudinal  fissure  (fig.  4A). 
It  occupied  almost  the  entire  vertical  axis  of  that  part  of  the  brain  and  extended 
laterally  for  about  1  cm.  On  tracing  this  area  backward;  it  was  found  to  become 
continuous  with  a  defect  in  the  floor  of  the  anterior  horn  of  the  lateral  ventricle 
on  the  right  side.  From  that  point  on  the  blood  clot  could  be  traced  into  the  entire 
ventricular  system,  which  was  markedh'  enlarged  and  somewhat  symmetrical  ex- 
cept for  the  dislodged  and  deformed  ipsilateral  anterior  horn.  A  search  for  the 
probable  origin  of  the  hemorrhage  revealed  an  area  of  granulation  tissue  in  the 
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region  of  the  anterior  commissure  and  within  the  ventral  extension  of  the  dorsal 
longitudinal  fissure.  It  outlined  the  right  anterior  cerebral  artery,  and  was  very 
likely  the  seat  of  an  aneurysmal  defect  through  which  the  hemorrhage  took  place. 
Histological  studies  vcri6ed  this  assumption  (fig.  4Bi.  The  aneurysm  was  found 
to  be  partially  thrombosed  and  recanalized.  The  exposed  vessels  at  the  base  of 
the  brain  showed  isolated  atheromatous  patches. 

Comment.  We  doubt  whether  any  extenuating  circumstances  can  be  advanced 
in  defense  of  the  failure  to  diagno.se  the  case  during  the  earlier  clinical  course.  It 
is  true  that  the  presence  of  a  relatively  high  white  blood  count  in  the  cerebrospinal 
fluid  was  a  misleading  finding,  but  it  is  not  an  unusual  finding  and  when  occurring 
in  fluid  frankly  xanthochromic  and  sterile,  it  should  not  lead  one  astray  from  the 
diagnosis  of  spontaneous  subarachnoid  hemorrhage.  A  similar  error  of  diagnosis 
under  very  similar  conditions  was  made  in  another  instance  (Case  9  in  this  series). 
Of  course,  a  sudden  onset  of  symptoms  with  loss  of  consciousness  accompanied  by 
a  rise  in  temperature,  and  the  development  of  meningeal  signs,  when  added  to  the 
xanthochromic  cerebrospinal  fluid  should  have  left  no  doubt  as  to  true  diagnosis. 

Case  o.  Multiple  aneurysms  in  the  course  of  branches  of  the  right  anterior 
cerebral  artery,  long  clinical  course  p^inctuated  by  attacks  of  Jacksonian  epi- 
lepsy. 

History  (Adm.  243440;  P.M.  X314).  I.  S.,  a  woman,  aged  59,  had  hadseven  chil- 
dren. The  patient  and  most  of  her  children  were  subject  to  recurrent  nose  bleeds. 
At  the  age  of  27,  for  a  period  of  two  j'ears,  the  patient  had  a  few  infrequent  "epi- 
leptic" attacks.  At  that  time  and  following  a  pregnancy  she  was  said  to  have  had 
some  "kidney  trouble,"  accompanied  by  acute  sj'mptoms,  bloody  urine,  swollen 
feet  and  a  period  of  unconsciousness.  For  a  period  of  28  years  she  remained  free 
from  seizures  until  about  two  years  prior  to  her  admission  to  the  hospital,  when 
convulsive  attacks  returned  and  recurred  about  once  every  three  or  four  months. 
During  the  two  months  before  admission  these  so-called  epileptic  attacks  became 
more  frequent,  recurring  from  one  to  four  times  a  week.  These  convulsive  seizures 
had  a  sudden  onset,  with  the  patient  falHng  to  the  ground,  her  body  becoming  rigid, 
the  eyes  glassy,  and  the  face  cyanotic  with  froth  appearing  at  the  mouth.  The 
attack  would  last  for  about  twenty  minutes,  and  was  followed  by  a  dazed  state 
and  the  development  of  severe  pain  in  the  back  of  the  head.  For  the  twenty-four 
hours  preceding  her  entrj'  to  the  hospital,  the  attacks  had  become  still  more  fre- 
quent, occurring  at  half  hour  intervals,  with  the  patient  remaining  in  a  stupor  be- 
tween attacks  from  which  she  could  be  roused  only  with  difficulty. 

Examination.  The  patient  was  in  coma;  there  was  no  uremic  odor.  The  i)upils 
were  unequal,  the  left  dilated  and  fixed,  the  right  contracted  and  reacting  very 
sluggishly.  Convulsive  attacks  occurred  evcrj-  half  hour.  The  twitchings  would 
begin  on  the  left  side  of  the  face  and  spread  to  the  arm  and  leg  of  the  same  side  and 
then  to  the  right  side.  The  contractions  were  clonic  in  character,  and  more  marked 
on  the  left  side  than  on  the  right.  A  lumbar  puncture  yielded  clear  cerebrospinal 
fluid  under  increased  pressure,  containing  a  few  red  blood  cells.  The  blood  pressure! 
was  140  systolic  and  77  diastolic.  There  was  apparently  no  loss  of  motor  power; 
all  the  deep  reflexes  were  very  active,  more  so  on  the  left  side;  the  abdominal  re- 
flexes were  absent.  The  left  optic  disc  had  a  clear  margin  and  marketl  pallor;  the 
vessels  were  thin  walled  and  not  tortuous. 

Laboratory  data.  Blood  Wassermann  reaction,  negative.  Blood  chemistry: 
Urea  nitrogen,  23.1  mg.  per  cent;  non-coagulable  nitrogen,  51  mg.  per  cent;  uric 
acid,  31  mg.  per  cent;  creatinin,  1.1  mg.  per  cent. 
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Course.  The  diagnosis  made  at  this  time  was  essential  epilepsy  and  status  epi- 
lepticus.  Large  doses  of  chloral  (hydrate)  and  phenobarbital  were  administered 
with  some  beneficial  results  for  the  first  two  days.  The  patient  became  more  alert 
and  cooperated  somewhat  better.  However,  a  definite  left  hemiparesis  was  then 
noted  and  a  left  Babinski  sign  was  now  elicited.  The  left  pupil  was  large  and  fixed 
to  light.  Convulsions  still  occurred,  though  less  frequently,  but  were  of  longer 
duration;  they  were  more  marked  on  the  left  side.  At  this  time  encephalitis  or 
multiple  (metastatic)  neoplasms  were  considered  in  the  diagnosis.  The  patient's 
improvement  was  short  lived  and  her  condition  soon  began  to  decline.  The  con- 
vulsive seizures  had  again  become  more  frequent.  They  were  preceded  by  vertigo 
and  would  begin  in  the  left  side  of  the  face.  The  mouth  was  drawn  to  the  left, 
the  eyes  turned  to  the  left,  the  left  eyelids  would  close,  the  left  arm  would  flex  slowly, 
and  simultaneously  the  left  leg  would  begin  to  flex.  Consciousness  apparently  was 
not  lost  for  the  patient  would  remember  questions  asked  during  the  attack.  Di- 
rectly after  an  attack,  the  left  hemiparesis  would  become  more  marked.    The  fre- 


FiG.  5  (Case  5).  Coronal  sections  of  the  hemisphere  showing  the  marked  calcifi- 
cation of  one  and  the  large  size  of  another  aneurysm. 

quency  of  such  attacks,  their  Jacksonian  character  and  the  fairly  satisfactory  local- 
izing signs  pointed  to  a  right  frontal  lobe  lesion.  An  x-ray  examination  showed 
marked  dilatation  of  the  right  anterior  diploic  veins  merging  into  a  calcareous  mass 
lying  in  front  of  the  motor  area.  This  suggested  a  meningeal  tumor  and  an  ex- 
ploratory craniotomy  was  thought  advisable.  This  was  done  and  several  tumor 
masses  were  found  on  the  surface  of  the  cortex,  each  globular  in  appearance  and 
enveloped  by  a  thick  capsule;  another  small  mass  could  be  felt  in  the  depth  of  the 
brain  substance.  No  attempt  at  their  removal  was  made.  The  patient  died  twenty- 
four  hours  after  the  operation. 

Necropsy  findings.  Brain.  Gross.  The  right  frontal  lobe  was  small,  the  gyri 
were  atrophic  and  thrown  into  supernumerary  folds.  On  the  surface  of  the  brain 
near  the  dorsal  border,  there  was  a  large  vessel  growing  forward  and  parallel  to  the 
dorsal  border  and  terminating  in  a  small  sac  about  1  cm.  in  diameter  (fig.  5).  The 
sac  was  embedded  in  a  depression  about  5  cm.  posterior  to  the  frontal  pole.  On 
elevating  the  sac  a  depression  was  found,  lined  by  smooth  and  glistening  pia.  Di- 
rectly posterior  to  the  sac  there  was  another  elevation  measuring  on  the  free  sur- 
face about  1.5  cm.  in  diameter.    On  cutting  into  the  brain  at  this  point,  another 
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larger,  encapsulated  mass  was  revealed.  This  was  oval  in  outline,  measured  3  cm. 
in  the  long  diameter  and  was  embedded  deeply  in  the  substance  of  the  frontal  lobe. 
A  cut  section  of  this  mass  showed  it  to  be  hard,  somewhat  brittle,  grayish-brown, 
and  giving  the  impression  of  an  organized  thrombus  in  an  aneurysmal  cyst.  Di- 
rectly i)osterior  to  this,  extending  back  as  far  as  the  ujiper  termination  of  the  post- 
central gyrus,  there  were  several  similar  cysts  varying  in  size  from  0.5  to  2  cm.  in 
diameter.  The  smaller  cysts  were  also  well  encapsulated,  surrounded  by  thick, 
fibrous,  calcified  walls.  Their  cavities  were  filled  with  yellowish,  granular  material 
and  a  small  amount  of  yellowish  fluid;  the  inner  lining  of  the  walls,  however,  was 
smooth,  grayish-white  and  glistening.  All  the  cj'sts  were  easily  dislodged  from 
the  substance  of  the  brain,  leaving  behind  smooth  surfaces  of  only  moderately 
softened  brain  substance.  The  vessels  at  the  base  of  the  brain  displayed  fairly 
marked  arteriosclerotic  changes. 

M icroscopic  anatomy.  Cross  section  through  the  aneurysmal  sacs  and  adjacent 
cerebral  cortex  showed  that  the  wall  of  the  sacs  had  retained  some  of  the  histological 
features  of  a  medium-sized  vessel  wall  with  its  division  into  advcntitia,  media  and 
a  markedly  distorted  intima.  The  last  was  fused  with  a  highly  organized  thrombus 
which  had  undergone  canalization.  The  nerve  tissue  adjacent  to  the  aneurysms 
showed  evidence  of  softening,  and  mild  infiltrative  changes  with  small  round  cells, 
apparently  a  reactive  change. 

Comment.  This  case  is  an  uncommon  example  of  multiple  aneurysms,  provoking 
signs  and  sj'mptoms  of  an  intracranial  neoplasm.  It  is  ciuite  reasonable  to  assume 
that  the  earlj'  epileptic  seizures  were  due  to  the  formation  of  the  aneurysmal  dilata- 
tion of  the  vessels.  But  as  the  resilience  of  the  brain  permitted  its  adjustment  to 
the  presence  of  these  slowly  exp-uuling  lesions,  the  epileptic  seizures  came  to  a 
itop.  As  the  patient  became  older  and  degenerative  changes  took  place  in  the 
blood  vessels,  particularly  in  their  aneurysmal  expansions  and  the  brain  substance 
lost  some  of  its  adaptability,  the  aneurysms  began  again  to  act  as  irritative  foci, 
with  the  consequent  recurrence  of  epileptic  attacks.  It  is  quite  possible  that  the 
balance  of  the  equilibrium  in  the  normal  brain  function  was  disturbed  not  only  by 
the  presence  of  the  aneurysms  but  also  by  the  degenerative  changes  concomitant 
with  the  advancing  age. 

Case  6.  Aneurysm  of  the  left  middle  cerebral  artery,  close  to  point  of  origin 
from  the  internal  carotid.  Recurrent  episode  of  spontaneous  subarachnoid 
bleeding. 

History  (Adm.  405184;  P.M.  10263).  J.  V.,  a  37  year  old  shoemaker,  entered  the 
hospital  for  the  fourth  time.  His  first  admission  took  place  in  the  spring  of  1935 
when  he  displaj-ed  signs  of  spontaneous  subarachnoid  hemorrhage.  On  the  second 
admission  a  left  inferior  nasal  quadrant  defect  in  the  visual  field  was  present.  This 
was  already  noted  during  his  fiist  staj'  in  the  hospital,  and  led  to  the  suggestion  by 
one  member  of  the  staff  (Dr.  Globus)  that  it  was  due  to  a  congenital  aneurysm  in- 
volving the  left  anterior  cerebral  artery.  On  his  third  admission,  (September  1, 
1936)  he  entered  the  hospital  mainly  for  a  lumbar  puncture,  which  revealed  the  follow- 
ing: 3,500  crenated  red  blood  cells  per  cu.  mm.;  the  supernatant  fluid  was  clear  and 
colorless;  the  Pandy  reaction  was  positive.  In  the  intervals  between  these  admis- 
sions, the  patient  was  repeatedly  examined  in  the  follow-up  clinic,  where  he  reported 
that  he  was  at  work  and  free  of  complaints.  His  fourth  admission  was  prompted  by 
the  onset  of  severe  headaches.  At  this  time  he  showed  a  complete  loss  of  vision  in 
the  left  eye,  pallor  of  the  left  nerve  head,  and  a  questionable  left  facial  weakness. 
The  blood  pressure  was  120  systolic  and  84  diastolic. 
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Course.  A  lumbar  puncture  at  this  time  yielded  xanthochromic  fluid.  Ten  min- 
utes after  the  tap  the  patient  vomited  and  lapsed  into  stupor,  his  breathing  becoming 
Cheyne-Stokes  in  character.  The  left  pupil  was  noted  to  be  larger  than  the  right; 
both  did  not  react  to  light.  There  were,  however,  no  signs  of  meningeal  irritation. 
The  patient  rapidly  declined  and  death  took  place  four  hours  after  admission. 

Necropsy  findings.  Brain.  Gross.  At  thebaseof  thefrontallobe  the  left  olfactory 
tract  was  displaced  laterally  b^'  a  mass  which  was  imbedded  in  the  left  frontal  lobe 


Fig.  6  (Case  6).    The  base  of  the  brain  showing  size  and  location  of  aneurysm. 


Fig.  7  (Case  6).  Coronal  section  of  brain  showing  location  of  aneurysm  and  its 
disorganizing  effect  on  adjacent  brain  tissue.  Note  the  communication  of  the  defect 
with  the  homolateral  ventricle. 

immediately  adjacent  to  the  midline  (fig.  6).  Further  posteriorly  was  a  great  deal  of 
free  blood  in  the  interpeduncular  space  and  the  basal  cisterns.  In  the  left  frontal 
lobe  there  was  a  mass  which  measured  2.5  cm.  antero-posteriorly  and  laterally.  This 
mass  was  harder  to  palpation  than  the  surrounding  cerebral  tissue.  It  was  situated 
at  the  origin  of  the  left  anterior  and  middle  cerebral  arteries.  This  mass  also  dis- 
placed the  left  olfactory  nerve  laterally  and  compressed  the  left  optic  nerve.  Pos- 
terior to  the  optic  chiasm  in  the  interpeduncular  space  and  covering  the  ventral 
surface  of  the  pons  and  medulla  and  extending  into  the  cisterna  magna  was  a  con- 
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sidcrable  amount  of  hemorrhage.  The  vessels  at  the  base  of  the  brain  revealed  no 
atheromatous  alterations. 

On  sectioning  the  brain,  the  aneurysm  (fig.  7)  was  found  to  be.lodged  in  the  de- 
pression of  the  left  hemisphere  on  the  orbital  surface.  This  depression  measured 
across  about  3  cm.  ami  in  a  vertical  plane  about  2  cm.  Part  of  the  wall  of  this  excava- 
tion or  depression  was  made  up  of  a  layer  of  necrotic  tissue  forming  the  floor  and  part 
of  the  lateral  wall  of  the  anterior  horn  of  the  left  lateral  ventricle.  Passing  backward 
on  this  level  there  was  seen  a  small  hemorrhagic  area  occupying  the  space  directly 
outside  of  the  corpus  striatum.  When  this  area  was  traced  backward  it  was  found  to 
enlarge  and  be  occupied  by  a  large  massive  hemorrhage. 

Comment.  In  order  to  find  the  source  of  the  hemorrhage  into  the  brain  substance, 
the  aneurysm  was  dislodged  and  found  to  be  attached  at  one  point  in  its  anterior- 
most  cxtremit}-  to  granulation  tissue.  On  dissecting  this  granulation  tissue,  an 
opening  was  found  in  the  aneurysm.  This  opening  was  not  thought  to  be  the  one 
which  caused  the  hemorrhage,  but  there  was  every  evidence  to  indicate  that  con- 
tiguous to  this  defect  there  was  a  smaller  one  now  buried  in  the  granulation  tissue 
which  was  responsible  for  the  bleeding.  It  is  also  very  likely  that  at  this  point  the 
structure  of  the  tissue  was  defective.  Its  necrotic  tissvie  separated  it  from  the  ante- 
rior horn  and  gave  one  the  impression  that  it  was  through  this  defect  that  the  blood 
found  its  way  into  the  ventricular  system.  This  defect  communicated  with  the 
cavity  into  which  the  aneurj'sm  fitted.  The  aneurysmal  cavity  was  also  filled  with 
blood  and  in  turn,  communicated  with  the  area  of  massive  hemorrhage.  There  was 
another  defect  communicating  the  lateral  ventricle  with  the  area  of  hemorrhage  and 
that  was  in  the  temporal  lobe.  So  it  is  probable  that  the  blood  found  its  waj-  into 
the  ventricular  system  through  more  than  one  defect.  The  ventricles  were  enlarged 
and  filled  with  blood.  The  left  ventricle  was  greater  than  the  right,  in  spite  of  the 
fact  that  it  was  adjacent  to  the  aneurysm.  This  would  indicate  that  it  was  very 
likely  filled  with  blood  earlier  than  the  ventricle  and  because  it  was  filled  with  blood 
first,  it  was  larger.  The  four  recurrences  of  bleeding  from  the  aneurysm  need  not 
be  discussed  at  length  here,  for  this  is  more  commonplace  than  exceptional.  The 
areas  of  brain  disintegration  resulting  from  the  aneurysm  and  leading  to  intracerebral 
and  intraventricular  hemorrhage  need  also  not  be  regarded  as  a  rarity,  only  as  a 
less  commonly  realized  condition. 

Case  7.    Aneurysm  of  the  internal  (right)  carotid  artery. 

History  (Adm.  480245;  P.M.  12003).  R.  P.,  a  woman,  aged  53,  entered  the  hospital 
on  October  10,  1941.  She  was  apparently  well  until  four  weeks  previously  when, 
having  ridden  in  an  automobile  for  five  hours,  she  suddenly  began  to  vomit  and  shortly 
thereafter  fainted.  She  remained  unconscious  for  about  one  hour.  She  was  taken 
to  a  hospital  where  she  was  given  glucose  intravenously.  She  remained  in  the  hos- 
pital for  six  hours  and  was  then  brought  to  New  York  by  train.  She  was  quiet,  but 
complained  of  slight  occipital  headache  and  low  back  pain.  During  the  next  two 
ilays  she  remained  at  home  complaining  of  slight  nausea,  increasing  headache  and  low 
back  pain.  The  latter  radiated  laterally  and  was  aggravated  by  movement  of  the 
leg.  Eight  days  before  entering  the  hospital  she  again  began  to  vomit ;  with  this  she 
developed  a  shaking  chill  lasting  a  few  minutes  a!ul  then  fainted.  This  time  she  was 
unconscious  for  about  a  half  hour.  On  regaining  consciousness,  she  again  complained 
of  low  back  pain,  headache,  and  for  the  first  time  of  stiffness  of  the  neck.  On  the  day 
before  entering  the  hospital  her  temperature  was  elevated,  she  had  urinary  retention 
and  was  constipated.  She  complained  of  headache.  In  the  middle  of  the  night  she 
became  psychotic  and  overactive,  disoriented  and  would  scream  if  anyone  would 
touch  her  neck. 
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Examination.  The  patient  appeared  to  be  acutely  ill,  dehydrated  and  uncoopera- 
tive. Her  blood  pressure  was  138  systolic  and  88  diastolic.  The  neurological  status 
disclosed  the  following:  She  was  drowsy,  confused,  disoriented,  and  displayed  a 
tendency  to  confabulate.  There  was  bilateral  blurring  of  the  nasal  margins  of  the 
discs  and  there  were  several  hemorrhages  in  the  left  disc.  The  pupils  were  unequal, 
the  right  greater  than  the  left.  Thej-  reacted  to  light.  There  was  a  left  hemiparesis, 
most  marked  in  the  leg.  The  deep  reflexes  on  the  left  side  were  diminished.  The 
left  ankle  jerk  and  the  left  abdominals  were  absent.  A  Babinski  sign  was  present  on 
the  left.    There  was  marked  stiffness  of  the  neck  with  bilateral  Kernig  sign. 

Laboratory  data.  The  cerebrospinal  fluid  was  xanthochromic  at  first  and  then 
became  grossly  bloody.  The  initial  pressure  was  180  mm.  of  water.  The  cerebro- 
spinal fluid  Wassermann  and  colloidal  gold  tests  were  negative.  The  urine  was  nega- 
tive.   The  blood  showed  a  moderate  leucocytosis. 

Course.  The  clinical  impression  was  that  there  was  an  aneurysm  of  the  right 
internal  carotid  at  its  junction  with  the  anterior  cerebral  artery.  The  temperature 
for  the  first  four  hospital  days  was  102°F.,  pulse  and  respirations  were  normal.  By 
the  fifth  day,  however,  the  temperature  had  returned  to  normal  and  there  was  no 
subsequent  rise  during  her  hospital  stay.  The  patient's  headache  and  mental  con- 
fusion were  somewhat  improved,  but  she  continued  to  be  drowsy  and  her  speech  was 
slow  and  hesitant.  Nuchal  rigidity  persisted  as  did  the  left  hemiparesis.  A  lumbar 
puncture  done  two  weeks  after  admission  disclosed  clear  xanthochromic  fluid  under 
an  initial  pressure  of  80  mm.  of  water;  microscopic  examination  showed  16  lympho- 
cytes per  cubic  millimeter.  Gradually,  the  paresis  of  the  left  upper  extremity  im- 
proved but  the  left  crural  monoplegia  persisted.  A  lumbar  puncture  performed  three 
weeks  after  admission  disclosed  xanthochromic  fluid  containing  9,250  red  blood  cells 
per  cubic  millimeter.  The  daj'  following  this  puncture,  the  patient's  drowsiness 
increased,  her  respirations  became  irregular  and  there  occurred  an  episode  in  which 
she  stiffly  extended  both  arms  and  then  lapsed  into  stupor.  At  that  time,  her  pupils 
were  first  small  and  reacted  to  light,  but  shortly  thereafter  thej'  became  dilated  and 
fixed  to  light.  There  was  marked  stiffness  of  the  neck  and  no  response  to  painful 
stimuli.  The  deep  reflexes  were  active  in  the  upper  extremities,  more  so  on  the  left; 
they  were  active  in  the  left  lower  extremity,  but  depressed  on  the  right.  There  was  a 
bilateral  Babinski  sign.  A  lumbar  puncture  showed  grossly  bloody  cerebrospinal 
fluid  under  an  initial  pressure  of  70  mm.  of  water.  A  few  hours  later  the  patient 
ceased. 

Necropsy  findings.  Brain.  Gross.  The  brain  was  under  increased  pressure.  It 
showed  a  diffuse  congestion  of  the  vessels.  At  the  base  of  the  brain  in  the  vicinitj-  of 
the  right  gj'rus  rectus  there  was  a  projecting  reddish  mass.  In  its  length  it  extended 
from  the  temporal  pole  to  the  optic  chiasm.  In  its  width  it  occupied  the  entire  gyrus 
rectus.  It  projected  about  a  half  centimeter  beyond  the  surface  of  the  cortex.  When 
dislodged  it  left  behind  a  large  cavity  with  a  smooth  lining.  At  the  posterior  end  of 
this  cavity  there  was  a  large  aneurysm  projecting  from  the  direction  of  the  internal 
carotid  and  the  anterior  cerebral  artery  on  the  right  side.  It  appearently  contained 
a  large  thrombus  and  was  surrounded  hy  a  fairh'  thick  layer  of  granulation  tissue. 
The  interpeduncular  space  seemed  to  be  filled  with  coagulated  blood  and  granula- 
tion tissue.  The  cisterna  pontis  and  cisterna  magna  were  filled  with  blood.  The 
vessels  at  the  base  of  the  brain  were  moderatelj-  sclerotic. 

On  sectioning  of  the  brain,  a  large  area  of  softening  was  found  in  the  frontal  lobe 
occupying  its  ventral  portion  (fig.  8) .  This  cavity  was  irregular  in  outline  and  meas- 
ured 4  cm.  in  its  width  and  7  cm.  in  its  length.  It  extended  from  the  frontal  pole  as 
far  back  as  the  point  on  the  level  with  the  foramen  of  Monro.  The  cavity  was  filled 
with  coagulated  blood.  Its  lining  was  brownish  in  color  and  showed  trabeculations 
and  spots  of  softening.    Most  of  the  lining  was  rather  smooth  and  its  discoloration 
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penetrated  for  a  distance  of  about  2  mm.  Another  area  of  softening  was  found 
directly  below  the  capsule  on  the  right  side.  It  was  elongated  and  followed  the 
course  of  a  large  branch  of  the  middle  cerebral  artery.  This  cavity  can  be  traced 
as  far  back  as  about  the  middle  of  the  insula.  On  the  level  of  the  optic  chiasm  there 
was  a  large  aneurysm  measuring  about  1.5  cm.  in  its  longest  diameter.  It  corre- 
sponded in  location  and  outline  to  the  internal  carotid  artery  at  the  point  where  it 
gave  rise  to  the  middle  cerebral  artery.  ,  Further  anteriorly  it  probably  was  con- 
tinuous with  the  anterior  cerebral  artery.  The  lateral  ventricles  were  dilated  and 
filled  with  blood,  but  not  displaced.  The  rest  of  the  ventricular  system  was  also 
filled  with  recently  clotted  blood. 

Comment.  The  course  of  events  in  this  instance  was  as  follows:  An  aneurysm  of 
old  standing  arising  from  the  internal  carotid  artery  at  the  point  of  its  junction 


Fig.  8  (Case  7).  Coronal  sections  of  the  brain  showing  the  hemorrhagic  area  in 
the  right  frontal  lobe,  its  communication  with  the  ventricular  system,  and  the 
aneurysm  which  is  thrombosed  and  imbedded  in  the  disorganized  bniin  tissue  at  the 
base.    See  lower  illustration. 

with  the  middle  cerebral  artery  produced  softening  particulariy  in  the  frontal  lobe 
in  the  region  of  the  blood  supply  derived  from  the  anterior  cerebral  artery.  In  time 
further  disintegration  of  the  aneurysm  led  to  bleeding  and  this  bleeding  found  its 
way  first  into  the  area  of  softening  and  later  through  a  defect  in  the  zone  of  softening 
into  the  ventricular  system  thereby  causing  the  fatal  termination. 

Case  8.  Aneurysm  of  posterior  communicating  artery ;  displaying  resid- 
ual granulation  tissue  at  point  of  previous  spontaneous  subarachnoid 
bleeding. 

History  (Adm.  309542;  P.M.  7034).  A.  D.,  aged  36  years.  Seven  years  before  her 
admission  to  the  hospital,  while  under  the  stress  of  a  violent  emotional  outburst, 
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she  developed  intense  pain  in  the  left  frontal  region  with  restlessness  and  insomnia. 
Two  months  later  she  suddenly  experienced  transient  double  vision  and  pain  over  the 
left  eye.  Two  weeks  prior  to  admission,  the  pain  in  the  left  frontal  region  suddenly 
returned,  and  she  became  stiff  "all  over"  and  exceedingly  weak.  The  headache  now 
became  generalized  and  the  pain  spread  down  the  spine  and  along  the  left  forearm. 
This  was  accompanied  by  elevation  of  temperature  and  an  occasional  chilly  sensation. 

Clinical  findings  and  course.  The  left  pupil  was  dilated  and  fixed  to  light.  There 
were  marked  rigidity  of  the  neck,  a  bilaterai  Kernig  sign,  depressed  deep  reflexes, 
and  slight  weakness  and  tremor  of  the  left  hand.  A  lumbar  puncture  yielded  uni- 
formly bloody  cerebrospinal  fluid  which  showed  xanthochromia  on  standing.  The 
blood  pressure  was  142  systolic  and  90  diastolic.  The  Wassermann  tests  of  the  blood 
and  cerebrospinal  fluid  were  negative.  The  urine  contained  only  a  trace  of  albumin. 
The  blood  count  showed  white  blood  cells,  11,400;  polymorphonuclear  leucocytes, 
66  per  cent.  The  patient  did  not  convalesce  satisfactorily  and  on  the  twenty-third 
day  in  the  hospital  she  suddenly  passed  into  stupor.    The  pulse  became  unusually 


Fig.  9  (Case  8).  Aneurysm  of  the  posterior  communicating  artery,  in  a  state  of 
advanced  disorganization  imbedded  in  necrotic  brain  tissue. 

slow  and  a  lumbar  puncture  at  that  time  revealed  bloody" cerebrospinal  fluid.  She 
died  several  hours  later. 

Necropsy  findings.  Brain.  Gross.  The  meninges  were  dull  and  showed  patchy 
discoloration,  particularly  of  the  left  frontoparietal  region,  where  there  was  a  large 
amount  of  blood  in  the  subarachnoid  space.  In  an  attempt  to  dissect  structures  in 
the  interpeduncular  space,  old  adhesions  were  found,  especially  on  the  left  side,  mak- 
ing it  difficult  to  separate  the  left  branches  of  the  circle  of  Willis.  The  left  posterior 
communicating  artery  was  surrounded  by  dense  granulation  tissue  and  was  adherent 
to  the  adjacent  inferior  surface  of  the  left  temporal  lobe  (fig.  9).  In  the  course  of 
dissection  a  small  sac  broke  off  from  the  somewhat  thickened  posterior  communi- 
cating artery.  The  inferior  surface  of  the  left  temporal  lobe  showed  marked  soften- 
ing and  through  a  small  opening,  most  likely  artificially  produced,  blood  escaped 
on  the  slightest  pressure  on  that  lobe.  The  ventricles  were  greatly  distended  with 
blood.  A  section  of  the  vessel  close  to  the  aneurysm  displayed  advanced  disorganiza- 
tion of  its  structure.  The  vessels  at  the  base  of  the  brain  showed  moderate  arterio- 
sclerotic changes. 
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Comment.  In  this  case  the  aneurysm  whicli  ruptured  and  caused  tlie  fatal  issue 
certainly  existed  for  a  period  of  years,  as  the  history  of  headache  and  diplopia  vvoukl 
indicate.  The  adhesions  found  in  the  region  acted  as  a  protective  coat  for  the  degen- 
erated wall  of  the  aneurysm  antl  held  otT  the  terminal  hemorrhage.  The  blood  in 
the  ventricles  resulted  from  the  extravasation  which  took  place  through  an  erosion 
caused  by  the  aneurysm  in  the  adjacent  brain  substance. 

Case  9.  Aneurysm  of  posterior  cerebral  artery,  simulating  a  posterior  fossa 
neoplasm. 

History  (Adm.  128124;  P.M.  5839).  L.  B.  a  woman,  aged  30,  who  was  admitted  to 
the  hospital  for  the  first  time  on  April  3,  1927,  had  had  intermittent  headaches  for 
about  two  years.  For  six  months  prior  to  admission  the  headaches  had  become  more 
severe  and  were  localized  in  the  frontal  region.  One  week  before  admission  there 
developed  severe  pain  in  the  back  and  stiffness  of  the  neck.  She  vomited  several 
times,  and  had  several  generalized  convulsions,  lasting  from  two  to  three  minutes. 
On  the  day  preceding  admission,  there  was  a  slight  elevation  of  temperature. 

Examination.  There  was  rigidity  of  the  neck;  a  bilateral  Kernig  sign;  bilateral 
papilledema,  and  generalized  hyporeflexia;  the  abdominal  reflexes,  except  for  the 
ui)per  left,  were  absent. 

Course.  A  lumbar  puncture  yielded  xanthochromic  cerebrospinal  fluid;  the  initial 
pressure  was  340  mm.  of  water;  there  were  33  Ij-mphocytes  per  cubic  millimeter.  The 
following  day  another  lumbar  puncture  was  performed  and  the  cerebrospinal  fluid 
was  again  found  to  be  xanthochromic.  .\  blood  count  showed:  white  cells  12,000. 
with  58  per  cent  polymorphonuclear  leucocytes.  The  Wassermann  reaction  of  the 
cerebrospinal  fluid  was  negative.  The  blood  pressure  was  110  systolic  and  68  di- 
astolic. On  the  third  day  in  the  hospital,  a  vertical  nystagmus  was  noted.  Six  days 
later,  an  encephalography  was  performed;  it  disclosed  moderately  dilated  lateral 
ventricles,  while  the  third  ventricle  was  poorly  outlined.  In  the  antero-posterior 
view,  the  ventricular  sj'stem  was  apparently  displaced  to  the  left,  and  the  right 
anterior  horn  seemed  to  be  somewhat  larger  than  the  left.  C'oloric  tests  showed 
no  involvement  of  the  semicircular  apparatus.  A  diagnosis  of  neoplasm  of  the  pos- 
terior fossa  was,  nevertheless,  made.  On  the  sixteenth  day  in  the  hospital,  a  sub- 
occipital craniotomy  was  performed;  but  no  tumor  was  found.  The  patient  showed 
some  subjective  improvement  and  left  the  hospital  forty-six  days  after  admission. 
Throughout  her  stay  in  the  hospital  her  temperature  varied  between  98°  antl  102°F.; 
the  pulse  rate  varied  between  80  and  96. 

Second  admission.  The  patient  was  re-admitted  one  month  later,  on  .June  27, 
complaining  of  more  severe  and  constant  headaches.  Her  pupils  were  irregular;  and 
there  was  bilateral  papilledema,  though  not  as  marked  as  previously.  There  was 
now  a  right  facial  weakness,  and  her  tongue  deviated  to  the  right.  Twelve  days 
after  the  second  admission,  a  ventriculography  was  performed ;  60  cc.  of  clear  cerebro- 
spinal fluid  was  withdrawn  and  replaced  by  air.  Immediately  following  this  pro- 
cedure the  patient  lapsed  into  stupor.  The  temperature  rose  to  103°F.  and  the 
pulse  rate  to  120.  A  lumbar  puncture  yielded  xanthochromic  fluid.  The  patient 
declined  rapidly  and  died  twenty-four  hours  later. 

Necropsy  findings.  Brain.  Gross.  A  tumor  was  found  filling  the  posterior  part 
of  the  third  ventricle  (fig.  lOA).  It  measured  about  1.5  cm.  in  diameter  and  con- 
sisted of  a  rather  dense  reddish  mass  encapsulated  by  a  thin  fibrous  wall.  The  tumor 
proved  to  be  an  aneurysm  of  the  left  posterior  cerebral  artery.  The  exposed  vessels 
at  the  base  of  the  brain,  aside  from  the  aneurj-smal  wall,  showed  no  sclerotic  changes. 

Microscopic  anatomy.  The  pia-arachnoid  was  moderately  thickened  and  in- 
filtrated with  large  and  small  mononuclear  elements,  gathered  mainly  about  blood 
vessels.    Many  of  the  cells  contained  pigment  material  and  had  acquired  the  char- 
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acter  of  macrophages.  The  aneurysm  contained  a  well  organized  thrombus,  through 
which  recanalization  had  taken  place.  Between  the  vessel  wall  and  the  thrombus, 
at  the  periphery  of  the  latter,  there  was  a  large  collection  of  monoc}'tes,most  of  which 
were  macrophages  containing  pigment,  debris  and  phagocytosed  red  blood  cells. 
The  intima  showed  a  great  irregularity  in  thickness,  at  some  points  it  was  exceedingly 
thick  consisting  mainly  of  a  reticulum  of  connective  tissue;  in  other  places  it  was 
homogenized  into  a  hj'alin-like  structure;  at  other  points,  again,  it  was  entirely  lost. 
The  inner  elastic  membrane  also  showed  great  variability  in  thickness  and  alternately 
splitting,  hypertrophy,  atrophy  or  total  disappearance.  The  media  displayed  ad- 
vanced necrobiotic  changes  with  the  muscular  coat  at  points  being  totally  lost  and 
replaced  by  granulation  tissue.  This  was  probably  due  to  the  closure  of  the  vasa 
vasorum  incident  to  the  development  of  the  aneurysm  and  the  increased  pressure 
within  the  lumen  both  interfering  with  the  nutrition  of  the  vessel  wall. 

Comment.  This  aneurysm  occurring  in  a  young  person  who  manifested  evidence 
of  intracranial  disease  for  about  two  years  preceding  the  onset  of  the  fatal  illness,  in 
all  probability  existed  for  some  time  before  the  onset  of  the  earliest  symptoms.  The 


Fig.  10  (Case  9).  Longitudinal  section  of  the  brain  showing  the  aneurysm  in  the 
third  ventricle. 

fact  that  the  meningeal  signs  were  associated  with  xanthochromic  cerebrospinal  fluid 
and  pleocytosis,  indicates  that  oozing  from  a  break  in  the  aneurysm  had  occurred 
at  the  time  the  meningeal  signs  appeared.  It  is  also  probable  that  as  the  vessel  be- 
came occluded  by  the  thrombus  the  bleeding  stopped.  It  is  for  that  reason  that  no 
free  blood  and  only  xanthochromic  cerebrospinal  fluid  was  obtained  on  lumbar  punc- 
ture. It  may  also  be  postulated  that  as  the  aneurysm  had  thrombosed,  there  ap- 
peared a  new  set  of  signs  and  symptoms,  particularly  those  of  increased  intracranial 
tension,  due  to  the  obstruction  caused  by  the  aneurj-sm  in  the  third  ventricle. 

Of  interest  is  the  fact  that  the  so-called  typical  manifestations  of  aneurysm  of 
the  posterior  cerebral  arterj%  such  as  oculo-motor  palsies,  sensory  disturbances  or  a 
Weber's  syndrome  were  not  present  in  this  instance. 

Ca.se  10.  Aneurysm  of  basilar  artery,  with  signs  suggesting  (bulbar)  en- 
cephalitis. 

History  (Adm.  315106;  P.M.  7256).  H.  S.,  a  young  man,  aged  17,  was  apparently 
well  until  three  months  before  entering  the  hospital  (June  16,  1930).    At  that  time 
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he  displayed  some  behavior  alterations.  About  ten  weeks  later  he  swam  a  long 
distance,  and  shortly  thereafter  it  was  noticed  that  his  voice  had  become  hoarse  and 
he  was  showing  a  tendency  to  hasten  and  slur  his  words.  He  himself  noticed  that  on 
walking  he  would  sway  without  a  definite  loss  of  sense  of  position.  This  symptom 
had  abated  to  be  practically  absent  for  about  three  days,  then  there  developed  an 
indefinite  sense  of  vertigo  with  no  definite  direction  of  rotation.  A  transient  tic-like 
spasm  in  the  left  eyelid  had  been  noted  four  days  before  admission  to  the  hospital. 
He  vomited  once  two  days  later  and  experienceil  some  difficulty  in  swallowing,  par- 
ticularly solid  foods.    There  had  been  some  hesitancy  in  urination. 

Examination.  Slightly  positive  Romberg  test.  Speech  was  somewhat  dysar- 
thric.  A  bilateral  lagging  of  external  recti,  horizontal  and  vertical  nystagmus,  a 
right  facial  asymmetry  with  the  left  palpebral  fissure  being  larger  than  right  were 
noted.  The  gag  reflex  was  absent  and  the  palate  was  paretic,  causing  regurgitation 
of  food  through  the  nose.  There  was  slight  pseudo-athetosis  of  the  outstretched 
hands.    The  deep  reflexes  in  the  lower  extremities  were  more  active  on  the  right. 


Fig.  11  (Case  10).    Aneurysm  of  the  basilar  artery. 

The  abdominal  reflexes  were  diminished  and  the  cremasteric  reflex  was  absent  on 
the  right  side.  There  was  a  bilateral  Babinski  sign.  There  were  zones  of  hyper- 
algesia from  about  C4  to  D12  with  diminution  between  and  below  these  levels,  in- 
volving all  forms  of  sensation,  but  most  marked  for  pain. 

Laboratory  data.  Hemoglobin,  88  per  cent.  The  cerebrospinal  fluid  obtained  on 
the  day  of  admission  contained  40  mononuclear  cells;  on  the  day  before  death  it  con- 
tained 140  cells  with  85  per  cent  monocytes  and  15  per  cent  polymorphonuclear  neu- 
trophiles. 

Course.  A  diagnosis  of  cncophalomyeloradiculitis  was  made  and  a  course  of 
typhoid  vaccine  injections  was  begun.  He  received  two  injections  each  followed  by 
a  chill  and  a  subsequent  rise  of  temperature  to  102°F.  The  patient's  condition  be- 
came worse;  he  developed  a  pronounced  bulbar  palsy  with  greater  difficulty  in  swal- 
lowing; sjieech  becoming  nasal.  There  appeared  a  definite  left  external  rectus  paresis 
with  ptosis  of  the  left  upper  eyelid.  Typhoid  vaccine  therapy  was  then  discontinued. 
The  patient  continued  to  do  poorly,  vomiting  frecjuently  and  showing  respiratory 
embarrassment.  He  died  on  June  16,  on  the  tenth  da\'  in  the  hospital  with  respira- 
tory paralysis  preceding  cardiac  failure. 
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Necropsy  findings.  Brain.  Gross.  The  surface  of  the  brain  was  markedly  con- 
gested. The  convolutions  were  flattened  and  the  sulci  narrowed.  On  lifting  up 
both  frontal  lobes  a  round  tumor  about  the  size  of  a  plum  and  of  a  dusky  blue  color 
was  seen  lying  under  the  pons  (fig.  11).  This  tumor  mass  was  connected  posteriorly 
with  the  junction  of  the  two  vertebral  arteries  and  anteriorly  part  of  the  basilar 
artery  was  seen  to  emerge  from  it.  The  pons  showed  a  marked  compression  by  the 
tumor.  The  latter  was  rather  soft  and  compressible.  The  left  trochlear  nerve  was 
found  flattened  and  resting  on  the  iateral  wall  of  the  depression  made  by  the  tumor. 
There  was  moderate  symmetrical  hydrocephalus.  The  vessels  at  the  base  of  the 
brain,  aside  from  the  aneurysmal  wall,  showed  no  alterations. 

Microscopic  anatomy.    Sections  of  the  tumor  showed  it  to  be  an  aneurj-sm. 

Comment.  The  youth  of  the  patient  is  no  longer  considered  as  unusual  for  this 
type  of  lesion.  The  sudden  development  of  bulbar  symptoms  after  exertion  deserves 
attention.  The  bulbar  manifestations  are  readily  explained  by  the  relationship  of 
the  expanding  lesion  to  the  pons  and  medulla.  It  is  this  anatomical  relationship 
with  resultant  manifestations  of  bulbar  symptoms  which  was  responsible  for  the 
diagnosis  of  encephalitis. 

Case  11.  Aneurysm,  of  the  basilar  artery,  simulating  meningo-radiculo- 
encephalitis. 

History  (Adm.  300132;  P.M.  6627).  S.  B.,  a  man,  aged  40,  was  admitted  to  the 
hospital  on  March  2,  1929  after  a  brief  illness  of  eight  days'  duration,  which  had  a 
sudden  onset  with  severe  headache,  at  first  frontal  and  then  generalized.  The  head- 
ache increased  in  severity  and  was  accompanied  b}'  a  mild  rise  in  temperature  and 
by  persistent  vomiting. 

Examination.  The  patient  was  alert.  There  was  a  mild  right  central  facial  weak- 
ness, and  the  plantar  response  on  the  left  was  equivocal.  The  temperature  was 
102°F.,  the  pulse  rate,  72,  and  the  respirations,  20.  A  lumbar  puncture  yielded  cere- 
brospinal fluid  which  was  at  first  bloodj',  and  then  in  the  process  of  removal  gradually 
cleared  up.    The  blood  in  the  first  tube  was  considered  as  traumatic  in  origin. 

Course.  On  the  second  day  in  the  hospital  the  patient  developed  moderate  rigidity 
of  the  neck  and  a  bilateral  Kernig  sign.  A  second  lumbar  puncture  yielded  clear 
cerebrospinal  fluid,  under  pressure,  with  90  cells  per  cubic  millimeter,  mostly  lympho- 
cytes. The  blood  pressure  was  150  systolic  and  110  diastolic.  A  blood  count  showed 
9,700  white  blood  cells,  with  85  per  cent  polymorphonuclear  leucocytes.  The 
patient's  temperature  rose  to  103°F.,  and  the  pulse  rate  was  80.  He  was  alternately 
drowsy  and  restless.  There  were  constant  myoclonic  twitchings  of  the  left  side  of 
the  body.  Despite  the  fact  that  smears  of  the  cerebrospinal  fluid  had  repeatedly 
failed  to  reveal  any  organism,  a  diagnosis  of  meningo-encephalitis  was  made,  and 
intensive  treatment  with  anti-meningococcus  serum  was  begun.  The  third  lumbar 
puncture,  done  on  the  fourth  day  in  the  hospital,  yielded  yellowish  fluid  with  2,400 
cells  per  cubic  millimeter,  90  per  cent  of  which  were  polymorphonuclear  leucocytes. 
The  temperature  continued  elevated  and  varied  between  103°r.  and  104°F.  Another 
lumbar  puncture  on  the  fourth  day  again  revealed  at  first  yellowish,  turbid  fluid,  but 
at  the  end  of  the  procedure  the  fluid  became  bloody.  The  latter  was  again  considered 
of  traumatic  origin.  The  fluid  in  the  first  tube  showed  4,200  cells  per  cubic  milli- 
meter, 85  per  cent  of  which  were  polj'morphonuclear  leucocytes.  Two  days  later, 
another  lumbar  puncture  yielded  frankly  bloodj'  fluid.  The  temperature  and  pulse 
rate  continued  to  rise.  That  afternoon  a  combined  lumbar  and  cisternal  puncture 
was  done,  and  bloody  fluid  was  obtained  from  both  sites.  Through  the  lumbar 
puncture  needle  the  fluid  was  dark  brownish-red,  while  the  cisternal  puncture  needle 
yielded  bright  red  fluid.  The  patient  grew  rapidly  worse  and  died  six  d&ys  after 
admission. 


INTRACR.\NIAL  ANEURYSMS 


571 


Necropsy  findings.  Brain.  Gross.  There  was  a  moderate  discoloration  of  the 
leptomeninges  over  the  parieto-occipital  region,  due  to  the  presence  of  blood  in  the 
subarachnoid  space.  At  the  base  of  the  brain  the  cisterna  pontis  was  filled  with 
recently  coagulated  blood  and  the  meninges  showed  a  moderate  degree  of  thickening. 
The  vessels  were  unusually  thin;  the  basilar  artery,  however,  at  1  cm.  posterior  to 
its  bifurcation  into  the  posterior  cerebral  arteries,  showed  an  aneurysm,  spherical  in 
outline,  which  measured  about  0.5  cm.  in  diameter  (fig.  12).  It  was  covered  by  an 
opaque  coating  and  was  embedded  in  coagulated  blood. 

Comment.  In  this  instance  the  age  of  the  patient,  the  lack  of  previous  history 
of  cardiovascular  disease,  and  the  high  cell  count  repeatedly  found  in  the  cerebro- 
spinal fluid  made  it  difficult  to  recognize  the  presence  of  an  aneurj'sm  during  the 
clinical  course.  The  discovery  of  definite  arteriosclerotic  changes  in  the  vessels 
adjacent  to  the  aneurysm  and  the  histologic  alterations  in  tiie  brain  and  melanges 


Fig.  12  (Case  11).  Base  of  the  brain  showing  the  aneurysm  of  the  basilar  arter}' 
projecting  through  torn,  but  markedly  thickened  meninges,  .\rrow  points  to  the 
aneurysm. 

established  definitelj'  the  arteriosclerotic  origin  of  the  aneurysm.  The  pleocytosis, 
which  at  the  beginning  led  us  to  consider  the  case  as  one  of  meningitis  and  induced 
us  to  administer  anti-meningococcus  serum,  is  probably  a  reactive  process  and  when 
it  occurs,  it  creates  diagnostic  difficulties.  In  our  experience  no  such  pleocj'tosis 
occurs  as  a  reaction  to  bleeding  in  the  subarachnoid  space. 

Case  12.    Aneurysm  of  basilar  artery. 

History  (Adm.  380270;  P.M.  9583).  M.  P.,  aged  43,  was  a  married  man.  He  was 
never  seriously  ill  before.  Five  hours  before  admission,  while  sitting  at  the  dinner 
table,  he  suddenly  experienced  a  burning  sensation  in  the  right  eye.  Shortly  there- 
after he  became  dizzy  and  fell  to  the  floor,  but  did  not  lose  consciousness.  He  was 
unable  to  speak,  and  coidd  not  move  the  right  side  of  his  body. 

Examination.    The  patient  was  acutely  ill.    The  pupils  were  irregular  but  re- 
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acted  to  light  and  in  accomnaodation.  The  fundi  were  negative.  A  shimmering 
nystagmus  was  present  on  right  gaze.  The  left  palpebral  fissure  was  wider  than  the 
right.  There  was  a  motor  aphasia,  and  a  right  hemiparesis,  more  marked  in  the 
face  and  arm.  The  deep  reflexes  were  more  active  on  the  right  side  than  on  the  left. 
A  right  Babinski  sign  was  elicited  and  the  right  abdominal  and  cremasteric  reflexes 
were  absent.    The  blood  pressure  was  140  systolic  and  90  diastolic. 

Laboratory  data.  Blood:  Hemoglobin,  115  per  cent;  white  blood  cells,  17,200, 
with  78  per  cent  polymorphonuclear  neutrophiles  and  20  per  cent  lymphocytes; 
blood  Wassermann  reaction,  negative.    Cerebrospinal  fluid:  4  lymphocytes. 

Course.  On  the  second  day  in  the  hospital  the  patient  developed  a  complete  left 
hemiplegia  and  bulbar  signs  while  the  right  hemiparesis  was  receding.  Pulmonary 
edema  set  in  and  death  occurred  on  the  fourth  day  after  admission.  The  clinical 
diagnosis  was  uncertain  and  thrombosis  of  a  branch  of  the  left  middle  cerebral 
artery;  a  pseudo-bulbar  syndrome;  a  lesion  of  basilar  artery;  and  multiple  vascular 
insults,  were  all  under  consideration. 


Fig.  13  (Case  12).  Coronal  section  of  the  brain  stem  showing  aneurysm  of  the 
basilar  artery  dislodged  to  one  side,  causing  compression  of  adjacent  part  of  the  pons. 

Necropsy  findings.  Brain.  Gross.  The  arteries  at  the  base  of  the  brain  were 
thin  and  elastic.  The  basilar  artery  at  about  the  middle  of  the  pons  showed  a  cir- 
cular dilatation  about  1  cm.  in  diameter  (fig.  13),  covering  the  right  half  of  the  basal 
surface  of  the  pons.    There  the  pons  felt  softer  than  normal. 

Comment.  Of  interest  in  this  case  as  in  other  instances  of  basilar  aneurysm  is  the 
absence  of  evidence  of  hemorrhage  either  into  the  substance  of  the  brain  or  ventricu- 
lar cavities.  The  clinical  manifestations  left  the  diagnosis  somewhat  uncertain, 
pointing,  however,  to  the  possibility  of  basilar  artery  thrombosis  which  is,  of  course, 
in  keeping  with  the  site  of  the  vascular  lesion. 

Case  13.  Aneurysm  of  vertebral  artery  with  signs  and  symptoms  suggesting 
angle  tumor. 

History  (Adm.  421780;  P.M.  10754).  A.  G.,  a  woman,  aged  50,  entered  the  hospital 
for  the  first  time  in  1926,  at  the  age  of  36  to  be  treated  for  a  post-partum  sepsis  and 
bronchopneumonia.  She  recovered  completely  and  two  years  later  passed  through 
a  normal  pregnancj'.  The  newborn,  however,  died  when  ten  days  old.  One  year 
later  she  had  a  miscarriage  and  since  then  no  pregnancies.  At  the  age  of  42  (in  1932) 
she  developed  severe  drawing  pains  on  the  left  side  of  her  neck  and  she  became  very 
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"nervous."  At  about  the  same  time  she  had  a  mild  episode  of  dizziness  of  a  few 
seconds'  duration.  On  investigation  she  was  found  to  have  h\-pertension,  but  never- 
theless was  treated  for  sinusitis,  with  the  result  that  the  pain  in  the  neck  was  some- 
what relieved.  She  soon,  however,  developed  periodic  headaches,  most  marked  over 
the  right  supraorbital  region.  Shortly  before  her  admission  to  the  hospital  she  de- 
veloped difficulty  in  swallowing  and  there  was  noted  a  change  in  the  timbre  of  her 
voice  and  intelligibility  of  her  speech.  Generalized  weakness  set  in  and  dizziness 
and  insomnia  became  more  frequent.  She  regurgitated  food  and  had  a  feeling  of 
fullness  in  her  chest.  "Drawing  pains"  in  both  calves  made  it  difficult  for  her  to  walk 
or  support  herself.  (She  had  had  varicose  veins  for  manj'  years  and  was  treated  with 
injections,  and  wore  elastic  stockings  without  relief.)  Frequency  of  urination  and 
nocturia  had  also  developed.  She  entered  the  hospital  for  the  second  time  on  March 
23,  1938. 

Examination.  The  sense  of  smell  was  diminished  i)ilaterally .  There  was  bilateral 
exophthalmos.  Bilateral  papilledema  and  post-neuritic  optic  atrophy  were  present. 
There  was  horizontal  nystagmus  in  both  lateral  planes.  The  left  palpebral  fissure 
was  wilier  than  the  right.  The  corneal  reflexes  were  bilatcrallj-  inactive;  the  jaw 
deviated  to  the  left .  There  was  some  weakness  of  the  left  arm  and  leg  with  a  bilateral 
tendency  to  pronation  and  convergence  of  the  outstretched  arms.  The  tendon  re- 
flexes were  generally  hyperactive  but  equal.  The  superficial  reflexes  were  depressed. 
The  vibratory  sense  was  diminished  in  the  lower  extremities.  The  gait  was  broad- 
based  and  she  dragged  both  legs,  the  left  more  than  the  right.  The  blood  pressure 
was  165  sj'stolic  and  120  diastolic. 

Laboratory  data.  The  cerebrospinal  fluid  was  clear,  colorless,  containing  3  cells 
and  imder  an  initial  pressure  of  108  mm.  of  water.  The  Aj'ala  index  was  5.5.  The 
Pandy  test  was  4  plus.  The  total  protein  was  64  mg.  per  cent.  X-ray  examination 
of  the  skull  revealed  no  evidence  of  increased  intracranial  pressure  and  a  calcified 
pineal  body  was  in  normal  position.  X-raj'  examination  of  the  sinuses  showed  no 
evidence  of  disease.  Ventriculography  revealed  marked  bilateral  dilatation  of  the 
lateral  ventricles,  with  the  right  being  slightly  larger  than  the  left.  There  was  no 
deviation  from  the  midline  and  the  third  ventricle  appeared  dilated;  the  iter  was 
visualized.  Calorie  tests  were  reported  as  follows:  "The  findings  are  suggestive  of  a 
posterior  fossa  lesion.  The  inward  past  pointing  of  the  left  hand  and  the  failure  to 
past  point  to  the  left  on  stimulating  the  left  vertical  canals  suggest  a  lesion  in  the 
greater  part  in  the  left  posterior  fossa."  .\  laryngoscopic  examination  disclosed  a 
definite  palatal  paralysis. 

Course.  A  subtentorial  midline  lesion  was  diagnosed,  and  a  suboccipital  explora- 
tion was  attempted.  It  had  to  be  discontinued  for  the  patient  passed  into  stupor  in 
which  she  remained  for  several  days.  After  a  short  period  of  slight  recovery  she 
declined  again  and  died  four  days  after  the  attempted  craniotomj'. 

Necropsy  finditig.'s.  Brain.  Gross.  In  the  course  of  the  removal  of  the  brain  a 
large  bluish  mass  was  found  to  compress  the  inferior  surface  of  the  cerebellum  and 
the  left  half  of  the  medulla  and  pons  and  seemed  to  extend  into  the  foramen  magnum 
(fig.  14).  Upon  removal,  this  mass,  measuring  about  1.5  x  1.0  x  .75  inches  was  easily 
spilled  out  from  the  dell  it  had  formed  and  found  to  be  a  large  aneurysm  of  the  left 
vertebral  artery.  It  pressed  into  the  pons  pushing  it  upward  and  to  the  right  and 
displaced  the  medulla  and  upper  part  of  the  cervical  cord  towards  the  right  with  a 
resultant  marked  deformity.  The  spinal  accessory  nerve  was  stretched  over  the 
mass.  The  vessels  at  the  base  of  the  brain,  aside  from  the  aneurysmal  wall,  showed 
no  significant  alterations. 

On  sectioning,  the  ventricular  system  was  found  to  be  markedlj-  dilated  as  far  as 
the  posterior  end  of  the  aqueduct  of  Sylvius.  At  that  point,  the  aqueduct  was  dis- 
placed to  the  right  and  reduced  to  an  oblique  narrow  slit.    The  bed  of  the  aneurysm 
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consisted  of  the  left  cerebellar  hemisphere,  with  the  pons  above  it  and  the  medulla  to 
the  right.  All  of  these  three  structures  were  compressed  and  somewhat  displaced, 
but  the  medulla  was  the  one  which  had  suflfered  most.  From  the  border  of  the  pons 
down  to  the  mergence  of  the  medulla  with  the  spinal  cord  it  was  flattened  and  dis- 
placed to  the  right. 

Microscopic  anatomy.  Sections  of  the  left  vertebral  artery  demonstrated  a  normal 
tunica  adventitia  and  media.  However,  at  one  point  in  the  lumen  there  is  a  prolifera- 
tion of  the  cells  of  the  tunica  intima  near  its  entrance  into  the  aneurysm. 

Comment.  In  this  instance  the  aneurj'sm  by  its  location,  site  and  influence  upon 
the  structures  surrounding  the  pontofacial  angle,  has  strikingly  simulated  those 
of  acoustic  neuroma.  The  similarity  was  so  close  that  it  was  only  on  post-mortem 
studies  that  the  difference  could  be  recognized.  But  even  then  there  is  little  that 
could,  now  in  retrospect,  have  helped  in  a  clinical  differential  diagnosis.  The  sub- 
occipital exploration  carried  out  in  the  belief  that  an  angle  tumor  would  be  found 


Fig.  14  (Case  13).  The  base  of  the  brain  showing  aneurysm  in  the  pontofacial 
angle. 

was  justified  although  it  may  have  contributed  to  an  earlier  fatal  termination.  Were 
the  patient's  condition  such  as  to  allow  full  exposure  and  recognition  of  the  lesion, 
the  questions  as  to  whether  the  removal  of  the  aneurysm  was  possible  could  have 
been  answered  by  the  neurosurgeon. 

COMMEXT 

It  is  quite  obAaous  that  this  communication  does  not  carry  an  encourag- 
ing message,  but  it  was  not  its  aim  to  bring  unjustified  optimism.  The 
character  of  the  material  anah'zed  could  do  no  more  than  disclose  some 
of  the  discouraging  features  of  cerebral  aneury.sms,  features  which  re- 
ceived little  recognition,  much  less  than  those  of  the  somewhat  more 
favorably  situated  and  better  preserved  intracranial  aneurysms. 

It  is  disappointing  that  the  cases  in  this  series  demonstrate  the  fact 
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that  in  a  large  number  of  aneurysms  surgical  intervention  is  almost  im- 
possible because  of  their  location  and  origin  from  vessels  supplying  vital 
brain  areas.  This  is  particularly  true  of  the  basilar  artery  aneurysms, 
and  to  a  large  extent  also  for  the  aneurysmal  sacs  of  the  anterior  com- 
municating artery.  ^Moreover,  in  a  large  group  of  aneurysms,  damage 
to  adjacent  brain  ti.ssue  and  coincident  changes  in  the  aneurysmal  wall 
are  so  advanced  that  surgical  intervention  does  not  only  hold  out  little 
promise  for  any  degree  of  recovery,  but  is  also  a  most  hazardous  under- 
taking. In  this  connection  it  is  essential  to  recognize  that  the  disorgani- 
zation-softening of  brain  tissue  in  the  proximity  of  an  aneurysm  is  due 
to  interruption  or  marked  retardation  of  its  blood  stream  (as  a  result  of 
thrombosis)  to  the  affected  area. 

Another  significant  observation  was  made  available  through  the  study 
of  the  reviewed  ca.ses.  It  was  shown  that  the  tissue  softening  which  takes 
place  in  the  brain  as  the  result  of  the  effects  of  the  neighboring  aneurysm, 
is  a  stage  which  makes  this  area  receptive  to  a  subsequent  effusion  of 
blood  from  a  ruptured  aneurysm.  Therefore,  the  blood  under  arterial 
pressure  may  then  break  through  a  narrow  zone  of  necrotic  tissue  separat- 
ing the  area  of  encephalomalacia  from  the  adjacent  ventricular  compart- 
ment. In  this  manner  the  ventricular  sj^stem  is  flooded  with  blood  leading 
to  a  fatal  termination.  This  series  of  events  is  very  similar  to  the  one 
described  by  one  of  us  (Globus  (24))  in  an  earlier  communication  on  mas- 
sive cerebral  hemorrhage.  There  too,  it  was  found  that  an  area  of  .soften- 
ing pre-existed  the  rupture  of  the  intracerebral  vessel,  permitting  the  es- 
cape of  blood  into  this  potential  cavity  and  from  there  through  a  defective 
zone  of  necrotic  tissue  into  an  adjacent  ventricle. 

It  is  not  improbable  that  the  anticoagulating  properties  of  the  cerebro- 
spinal fluid  which  seeped  into  these  defective  (cj'stic)  areas  are  in  part 
responsible  for  the  failure  of  the  blood  to  clot  early  in  the  hemorrhagic 
process  and  thus  spontaneously  restrict  the  lileeding  before  it  reaches  a 
critical  phase. 

In  the  light  of  the  clinical  histories  of  our  cases  and  of  a  number  of 
other  instances  which  came  under  the  observation  of  one  of  us  (Globus) 
it  is  quite  apparent  that  the  so-called  spontaneous  subarachnoid  hemor- 
rhage is  usually  the  re.sult  of  a  ruptured  aneurysm.  It  is  also  obvious 
that  in  cases  of  spontaneous  .subarachnoid  hemorrhage,  which  present  focal 
signs,  such  as  pyramidal  tract  disturbances,  apha.sias,  psychic  disturbances 
and  the  like,  the  aneurysm  has  brought  about  ma.ssive  disintegration  of 
brain  tis.sue.  In  such  a  situation  the  possibility  of  an  eventual  extension 
of  a  hemorrhage  from  a  ruptured  aneur\'sm  into  the  ventricles  is  very 
strong. 

Not  all  of  the  observations  on  the  behavior  of  aneurysms  and  adjacent 
tis.sue  are  discouraging.  The  pia-arachnoid  enveloping  the  affected  vessel 
and  the  adjacent  surfaces  of  the  brain  responds  speedily  to  foreign  bodies 
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by  exudates  and  adhesions.  Blood  from  a  ruptured  vessel  provokes  such 
a  reaction  causing  the  leptomeninges  to  form  adhesions  about  the  ruptured 
vessel  and  the  brain  in  its  vicinity.  Therefore,  under  favorable  conditions 
they  are  instrumental  in  holding  back  the  current  of  blood  from  spreading 
and  may  eventually  fully  arrest  the  flow  of  blood  from  the  defective  ves.sel. 
This  healing  process  may  in  many  instances  delay  recurrence  for  months, 
years  and  as  in  one  instance  for  many  years  (30  years  in  case  1). 

Disquieting  as  the  prognosis  of  cerebral  aneurysm  is,  it  nevertheless 
demands  that  its  presence  or  absence  be  ascertained  if  the  patient's  con- 
dition permits  of  full  investigation.  It,  therefore,  invites  the  method  of 
arteriography  for  its  detection.  By  this  means  its  size  and  situation  can 
be  ascertained  and  the  advisability  of  surgical  intervention  can  be  care- 
fully weighed,  giving  full  consideration  to  other  important  factors  such 
as  the  condition  of  the  brain  and  the  probable  condition  of  the  aneurysmal 
wall.  This  very  method,  on  the  other  hand,  by  excluding  the  existence 
of  an  aneurysm  may  direct  the  attention  of  the  examiner  to  other  diag- 
nostic possibilities,  now  open  to  more  serious  consideration,  and  perhaps, 
to  such  as  holding  out  more  promising  therapeutic  measures,  as  in  the 
case  of  a  brain  tumor. 

SUMMARY  AND  CONCLUSIONS 

A  review  of  the  clinical  and  anatomical  features  in  thirteen  cases  of 
intracranial  aneurysms  led  to  the  following  observations: 

1.  Intracranial  aneury.sms  pre-exist  a  terminal  fatal  event  by  varj'ing 
lengths  of  time.  In  some  instances  by  as  many  as  thirty  years  and  prob- 
ably longer. 

2.  In  the  great  majority  of  instances  the  life  history  of  an  aneurysm 
is  punctuated  by  two  or  more  explosions  characterized  commonly  by  mani- 
festations of  subarachnoid  bleeding. 

3.  A  fatal  issue  usually'  results  from  rupture  of  the  aneurysm  and  ex- 
travasation into  an  area  of  previously  disintegrated  brain  tissue,  ultimately 
leading  to  intraventricular  hemorrhage. 

4.  In  a  few  instances  death  is  cau.sed  by  the  effect  of  the  pressure  ex- 
pansion of  the  aneurysm  without  its  rupture  and  without  tissue  disin- 
tegration. 

5.  Di.sintegration  of  brain  tissue  and  hemorrhage  into  the  areas  of 
softening  with  extension  into  the  ventricles  is  most  commonly  encountered 
in  an  aneurysm  arising  from  the  rostral  part  of  the  circle  of  Willis  (an- 
terior communicating,  anterior  cerebral  and  internal  carotid  arteries), 
while  aneurysms  of  the  posterior  part  of  the  circles  (posterior  cerebral, 
basilar  and  vertebral),  exhibit  manifestations  of  an  expanding  lesion. 

6.  Generalized  cerebral  arteriosclerosis  was  not  common  with  the  aneur- 
ysms in  this  series,  there  being  advanced  atheromatous  changes  in  cerebral 
vessels  of  two  cases,  moderate  changes  in  four  and  none  at  all  in  seven 
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instances  of  our  series.  This  would  point,  as  far  as  this  material  is  con- 
cerned, to  the  significance  of  the  congenital  origin  of  aneurysms.  Syphi- 
litic and  mycotic  aneurysms  were  not  among  this  series,  indirectly  indi- 
cating their  rarity.  The  aneurj'sms  were  single  in  all  but  one  case,  in 
which  they  were  multiple. 

7.  Hyperten.'^ion  was  not  a  frequent  accompanying  condition,  as  it  was 
found  only  in  three  of  the  thirteen  cases. 

8.  The  age  distribution  shows  that  fatal  manifestations  of  an  existing 
aneurysm  usually  appear  during  the  third  and  fourth  decade  of  life,  but 
there  is  evidence  that  their  silent  existence  precedes  the  fatal  issue  by 
many  years.  Aneurysms  seem  to  be  evenly  distributed  between  the  two 
sexes. 

9.  Clinically  the  aneurysms  occasionally  simulate  the  picture  of  brain 
tumor,  encephalitis  or  vascular  disorder  of  a  less  defined  type;  .signs  of 
increa.sed  intracranial  tension,  howe\er,  except  headache,  were  found  in 
few  instances,  and  mainly  when  the  aneurysm  was  more  caudal  in  loca- 
tion; papilledema  was  rare;  focal  signs  (often)  of  localizing  character  were 
frequent. 

10.  Convulsive  seizures  occurred  and,  in  some  instances,  had  a  focahzing 
value,  but  when  they  were  concomitant  with  bleeding  into  the  subarach- 
noid space,  they  had  no  localizing  significance. 

11.  Signs  of  meningeal  irritation  when  present  were  indicative  of  sub- 
arachnoid bleeding.  The  cerebrospinal  fluid  was  often  bloody  or  xantho- 
chromic, indicating  recent  or  older  bleeding.  Occasionally  a  high  leuco- 
cyte count  was  encountered  in  the  cerebrospinal  fluid,  leading  to  the 
erroneous  diagnosis  of  a  septic  meningitis. 

12.  The  blood  occasionally  revealed  a  leucocytosis,  usuallj^  found  in 
the  course  of  an  episode  of  subarachnoid  bleeding. 
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STUDIES  OX  EXPERIMENTAL  HYPERTENSION 


XM.    Thk  Effect  of  Hypophysectomy  ox  Experimental  Renal 

Hypektension* 

HARRY  COLDBLATT,  M.D.,  SPEXCER  BRADEX,  M.D.,  JOSEPH  R.  KAHX, 
M.D.  AND  WALTER  A.  HOYT,  M.D. 

[From  the  Institute  of  Pathology,  Western  Reserve  University,  Cleveland,  Ohio] 

During  the  past  few  years  th(>  possible  part  played  by  the  pituitary  body 
in  the  pathogenesis  of  human  hypertension  has  received  the  attention  of 
various  observers,  notably  Cushing  (1).  This  has  prompted  the  trial  of 
radiation  therapy  directed  toward  this  organ  for  the  alle\  iation  of  the  hy- 
pertension. In  most  cases  of  human  hypertension  treated  in  this  way  the 
value  of  irradiation  of  the  pituitarj'  body  alone  cannot  be  estimated  because 
the  adrenals  were  usually  irradiated  at  the  same  time;  but  in  those  cases  in 
which  only  the  pituitary  body  was  irradiated  the  treatment  had  no  signifi- 
cant effect  on  the  hypertension  (2). 

Not  until  the  successful  production  in  animals  of  persistent  hypertension 
resembling  human  hj'pertension  (3)  was  it  possible  experimentally  to 
evaluate  the  part  played  by  the  pituitary  body  in  the  pathogenesis  of  ele- 
vated blood  pressure.  Page  and  Sweet  (4),  as  a  result  of  their  investiga- 
tions in  a  series  of  dogs,  concluded  that  "Preliminarj^  hypophysectomy  does 
not  prevent  the  rise  in  blood  pressure  established  by  renal  ischemia  but  the 
rise  tends  to  be  transient.  Hypophysectomy  in  dogs  with  hypertension 
produced  by  renal  ischemia  reduces  arterial  hypertension  to  about  normal 
levels.  It  appears  to  reduce  slightly  the  blood  pressure  of  normal  dogs." 
The  seeming  inconsistency  of  their  results  in  the  treatment  and  prevention 
of  experimental  renal  hypertension  by  hypophysectomy  made  it  desirable 
to  repeat  at  least  one  phase  of  this  investigation. 

It  was  thought  that  if  it  could  be  shown  definitely  that  hypophysectomy 
does  not  prevent  the  development  of  the  benign  and  malignant  phases  of 
experimental  renal  hypertension,  and  especially  if  the  benign  phase  of  the 
hypertension  were  to  persist  for  a  long  time,  then  the  conclusion  would  be 
justified  that  the  hypophysis  does  not  play  a  significant  part  in  the  patho- 
genesis of  this  type  of  hypertension.  Since  this  latter  closely  resembles 
human  so-called  essential  hypertension  so  frequently  associated  with  vas- 

*  This  study  was  supported  bj-  the  Beaumont  Trust  (L.  D.  Beaumont)  and  the 
Josiah  Macy,  Jr.  Foundation,  and  aided  by  grants  from  Mr.  Xathan  Richman,  Mr. 
Richard  Kohn,  Mr.  Xathan  Daub}-,  and  Mr.  .-Mex  Wintner  and  associates,  of 
Cleveland. 
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cular  disease  of  the  kidneys,  the  application  of  the  experimental  results  to 
human  hypertension  would  also  be  justifiable. 

EXPERIMENT 

Ten  dogs  were  subjected  to  hypophysectomy  under  visual  guidance,  ac- 
cording to  the  method  of  Sweet  (5).  A  variable  period  after  presumably 
complete  hypophysectomy,  either  the  main  artery  of  both  kidneys  was 
jjermanently  constricted  by  a  silver  clamp  or  one  main  renal  artery  was 
first  constricted  and  later,  when  the  blood  pressure  was  elevated,  the  other 
kidney  was  removed.  Both  procedures,  when  carried  out  on  normal  dogs, 
usually  result  in  persistent  hypertension  (3) . 


TABLE  1 


MAXIMUM  BLOOD  PKE8SURE* 

LENGTH  OF 
H^-PERTENSIVi; 
PEHIOD 

NUMBER  OF 
DOG 

Normal 
period 

Period  after 
hjTxjphysec- 
tomy 

Period  after 
constriction 
of 

renal  arteries 

mm.  Hg. 

mm.  Hg. 

mm.  Hg. 

months 

4-81 

135 

130 

195 

23 

Completely  hypophy- 
sectomized 

5-16 
5-20 
5-24 

140 
135 
140 

145 
135 
130 

240 
240 
245 

9 
6 
10 

5-28 

155 

155 

215 

18 

4-85 

115 

100 

170 

5 

Incompletely  hypo- 
physectomized 

4-  95 

5-  17 
5-21 

150 
170 

130 

140 
165 
135 

220 
255 
200 

15 
5 
5 

5-29 

110 

90 

195 

10 

*  "Mean"  femoral  blood  pressure  determined  by  the  direct  method. 


The  results  (see  table  1)  show  clearly  that  in  what  proved  to  be  five 
completely  hypophj^sectomized  animals  (4-81,  5-16,  5-20,  5-24  and  5-28) 
the  blood  pressure  not  only  became  elevated  but  remained  at  persistently 
high  levels  for  many  months.  In  these  five  animals,  no  remainder  of  hy- 
pophysis was  discovered  in  the  gross  examination  at  autopsy,  and  none  was 
found  by  careful  microscopic  examination  of  the  tissue  at  the  base  of  the 
brain  in  the  region  of  the  stalk  of  the  pituitary  body. 

In  five  dogs  (4-85,  4-95,  5-17,  5-21,  5-29)  the  hypophysectomy  was  not 
complete.  In  two  of  these  dogs  (5-17,  5-21)  a  remnant  of  hj^pophj'sis  was 
recognized  in  the  gross,  and  in  two  others  (4-85,  4-95)  pituitary  tissue  was 
discovered  by  microscopic  examination  of  the  brain  in  the  region  of  attach- 
ment of  the  pituitary  body.  In  the  fifth  animal,  (5-29)  because  the 
autopsy  was  performed  48  hours  after  death,  the  brain  was  in  such  a  state 
of  post  mortem  decomposition  that  a  satisfactory  examination  for  a  rem- 
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nant  of  hypophysis  was  not  possible.  For  this  reason  this  animal  is 
grouped  with  those  that  were  not  completely  hypophysectomized. 

Table  1  shows  that  in  the  completely  hypophysectomized  animals  the 
maximum  blood  pressure  reached  levels  just  as  high  as  in  the  group  in 
which  a  remnant  of  hypophysis  was  found  and  it  was  actually  as  high  as 
in  hypertensive  animals  with  hypophysis  intact  (3).  In  the  completely 
hypophysectomized  animals  the  hypertension  persisted  for  at  least  as  long 
a  time  as  in  the  other  group. 

Figure  1  (Dog  5-24)  shows  that  constriction  of  both  main  renal  arteries 
was  sufficient  to  keep  the  blood  pressure  considerably  elevated  for  more 
than  five  months,  and  the  hypertension  undoubtedly  would  have  continued 
longer  had  the  expeiiment  not  been  terminated. 
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Fig.  1.  Dog  5-24.  Male,  middle  aged,  chow,  weight  11  kg. 
Complete  hypophysectomy. 

Moderate  permanent  constriction  of  left  main  renal  artery. 
Moderate  permanent  constriction  of  right  main  renal  artery. 
Killed. 


Figure  2  (Dog  5-20)  shows  that  it  was  necessary  to  increase  the  constric- 
tion of  the  left  main  renal  artery  (LKC),  later  to  exci.se  the  right  kidney 
(LN)  and  finally  to  place  a  cellophane  bag  (L  Cel)  around  the  left  kidney  in 
order  to  keep  the  blood  pressure  elevated  in  this  dog.  The  animal  finally 
developed  renal  excretory  insufficiency  and  died  in  uremia.  At  autop.sj', 
it  exhibited  all  the  signs  of  the  malignant  phase  (6,  7)  of  this  type  of  hyper- 
tension, ^licroscopically,  the  typical  lesions,  petechiae  and  fibrinoid  de- 
generation, necrosis  and  necrotizing  acute  inflammation  of  arterioles  were 
present  in  various  organs. 

In  Dog  5-16,  (fig.  3),  in  which  it  was  necessary  to  carry  out  similar  pro- 
cedures to  tho.se  performed  on  Dog  5-20  in  order  to  make  the  hypertension 
persist,  renal  damage  was  evidently  not  excessive,  renal  excretory  in- 
sufficiency did  not  develop  and  this  animal  did  not  show  any  of  the  signs 
of  the  malignant  phase,  although  the  blood  pressure  was  very  high. 
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Fig.  2.  Dog  5-20.    Male,  young,  spaniel,  weight  13.6  kg. 
H  =  Complete  hypophj'sectomy. 
LK  =  Moderate  permanent  constriction  of  left  main  renal  artery. 
RK  =  Moderate  permanent  constriction  of  right  main  renal  artery. 
LKC  =  Left  main  renal  artery  occluded. 
RKC  =  Right  main  renal  artery  occluded. 

LN  =  Left  nephrectomy. 
R  Cel  =  Right  kidney  wrapped  in  cellophane. 
D  =  Died 

Terminally  this  animal  became  uremic.  The  day  before  death,  B.U.X.  127.5 
mg.,  creatinine  9.6  mg.  and  CO2  47  volumes  per  100  cc.  blood.  The  animal  showed 
the  typical  gross  and  microscopic  arteriolar  lesions  of  the  malignant  phase. 
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Fig.  3.  Dog  5-16.    Mongrel,  make,  middle  aged,  weight  6.4  kg. 
H  =  Complete  hypophj-sectomy. 
RK  =  Moderate  permanent  constriction  of  right  main  renal  artery. 
LK  =  Moderate  permanent  constriction  of  left  main  renal  artery. 
RKC  =  Right  main  renal  artery  occluded. 
LKC  =  Left  main  renal  artery  occluded. 
L  Cel  =  Left  kidney  wrapped  in  cellophane. 
K  =  Killed. 
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In  Dog  4-81  the  blood  pressure  was  still  signiticantly  elevated  when  the 
animal  was  killed  23  months  after  the  first  main  renal  artery  was  con- 
stricted. In  this  dog  too  it  was  necessary  later  to  increase  the  constriction 
of  both  main  renal  arteries  in  order  for  the  hypertension  to  persist.  At 
autopsy  there  were  no  signs  of  the  malignant  i)ha.se  of  hypertension  in  this 
animal. 

Figure  4  (Dog  5-21)  is  shown  merely  to  illustrate  the  finding  that  in  one 
of  the  incompletely  hypophysectomized  animals  the  level  of  the  blood 
pressure  as  a  result  of  constriction  of  both  main  renal  arteries  was  no 
greater  than  in  the  completely  hypophysectomized  animals. 


; 
1 



f 

K 

—I 

£  

!  ' 

.  1 

1 

llivi 

Fig.  4.  Dog  5-21.    Dachshund,  male,  middle  aged,  weight  11.8  kg. 
H  =  Incomplete  hypophysectomy  ■ 
RK  =  Moderate  permanent  constriction  of  right  main  renal  artery. 
LK  =  Moderate  permanent  constriction  of  left  main  renal  artery. 
LKC  =  Left  main  renal  artery  occluded. 
K  =  Killed. 


A  microscopic  examination  was  also  made  of  the  tissues  of  the  com- 
pletely hypophysectomized  animals  in  the  benign  phase  of  experimental 
renal  hypertension.  The  only  significant  anatomical  changes  found  in 
these  animals  were  unusually  small,  but  anatomically  normal  adrenals  and 
a  thickened  media  in  the  small  arteries  and  arterioles  of  many  organs  in 
those  animals  in  which  hypertension  had  persisted  for  a  long  time.  There 
was  no  sign  of  arteriolosclerosis  or  of  any  pathological  change  other  than 
the  medial  hypertrophy  in  any  of  the  arteries  or  arterioles  of  the  animals 
in  the  benign  phase  of  hypertension. 

SUMMARY  .\ND  CONCLUSIONS 

In  agreement  with  Page  and  Sweet  it  has  been  shown  that  complete 
hj-pophysectomy  does  not  prevent  the  development  of  experimental  renal 
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hypertension  and  that  it  tends  to  lower  sUghtly  the  blood  pressure  of  normal 
animals.  In  the  hypophj'sectomized  animals  that  did  not  develop  renal 
excretory  insufficiency  (the  benign  phase)  the  hj-pertension  persisted  at 
high  levels  for  a  long  time.  The  malignant  phase  of  this  type  of  hyperten- 
sion was  also  observed  in  an  animal  that  had  been  completely  hypophy- 
sectomized.  This  rules  out  the  hormones  of  the  pituitary  body  as  plaj-ing 
a  significant  part  in  the  pathogenesis  of  the  arteriolar  lesions  ob.served  in 
the  organs  of  animals  in  the  malignant  phase  of  the  hypertension. 

The  effect  of  any  surgical  procedure,  including  hypophysectomy,  on 
established  experimental  renal  hypertension  must  always  be  evaluated  with 
caution  because  in  some  hypertensive  animals,  even  without  any  type  of 
treatment,  there  is  a  tendency  for  the  blood  pressure  to  reach  lower  levels. 
It  is  considered,  therefore,  that  more  significance  should  be  attached  to  the 
finding  that  experimental  renal  liyperten.sion  cannot  be  prevented  by  hy- 
pophysectomy than  to  the  effect  of  this  procedure  on  previously  h^-perten- 
sive  animals. 

The  results  of  this  study  lend  no  support  to  the  view  that  the  hypophysis 
plays  a  significant  part  in  the  pathogenesis  of  experimental  hypertension 
due  to  constriction  of  the  main  renal  arteries  or  of  any  similar  type  of  human 
hypertension  and  offers  no  justification  for  surgical  or  other  interference 
with  the  integrity  of  the  pituitary  body  for  the  treatment  of  any  type  of 
human  hypertension  that  resembles  experimental  hypertension  of  renal 
origin. 

BIBLIOGRAPHY 

(1)  CusHiXG,  H.:  Basophil  .\denomas  of  the  Pituitary  Body  and  their  Clinical  Mani- 

festations (pituitary  basophilism).  Bull.  Johns  Hopkins  Hosp.,  50: 
137-195,  1932. 

(2)  Baird.  p.  C,  Lingley,  J.  R.,  .\xd  Palmer,  R.  S.:  The  Failure  of  Roentgen-Ray 

Therapy  of  Pituitarj-  and  Adrenals  in  Essential  Hypertension.  Xew 
England  J.  Med.,  211 :  952-953.  1934. 

(3)  GoLDBLATT,  H..  Lynch.  J..  Haxzal,  R.  F.,  axd  Summerville,  W.  W.:  Studies  on 

Experimental  Hypertension.  I.  The  Production  of  Persistent  Elevation 
of  Systolic  Blood  Pressure  by  Means  of  Renal  Ischemia.  J.  Exper.  Med., 
59:  347-379,  1934. 

(4)  Page,  I.  H.,  .\xd  Sweet,  J.  E.:  The  Effect  of  Hypophysectomy  on  .\rterial  Blood 

Pressure  of  Dogs  with  Experimental  Hypertension.  .\m.  J.  Physiol., 
120:  238,  1937. 

(5)  Sweet,  J.  E.:  Hypophysis  and  Body  MetaboHsm.    Ann.  Surg.,  102:  1069,  1935. 

(6)  GoLDBL.ATT,  H.:  Studies  on  Experimental  Hypertension.    VII.  The  Production 

of  the  Malignant  Phase  of  Hypertension.  J.  Exper.  Med.,  67  :  809-826, 
1938. 

(7)  GoLDBL.\TT,  H..  AXD  Kahx,  J.  R.:  Studies  on  Experimental  Hypertension. 

XIII.  Experimental  Observations  on  the  Malignant  Phase  of  Essential 
•    Hypertension:  The  Production  of  Intrarenal  and  Extrarenal  Arteriolar 
Necrosis  and  Necrotizing  Arteriolitis.    Am.  A.  Advancement  Sc.,  13:  26&- 
273,  1940. 


DEVELOPMENT  OF  KNOWLEDGE  CONCERNING  THE 
MEASUREMENT  AND  RHYTHM  OF  THE  PULSE 


(Herophilus,  Galex,  Carboliensis,  Struthiits,  Galileo,  Floyer) 

WALTER  W.  HAAffiURGER,  .M.D.i 
{Chicago,  III.) 

In  a  previous  paper  I  have  presented  briefly  the  earhest  known  his- 
torical mat<^rial  deaUng  with  the  heart  and  circulation  which  has  come 
down  to  us  from  Antiquity,  particularly  from  Egj'ptian  and  Greek  sources. 
These  contributions,  starting  with  the  earliest  known  reference  contained 
in  the  Edwin  Smith  Surgical  Papyrus  (3000  B.C.),  have  increased  pro- 
gressively, with  ever  deepening  understanding  and  changing  concepts. 
They  may  be  found  in,  and  have  been  collected  from,  the  following  writings : 
the  Ebers  Papyrus  (2000-1500  B.C.),  Hippocrates  (460  B.C.)  Aristotle, 
(384-322  B.C.),  Praxagoras  (340-320  B.C.),  Herophilus  (ca.  330-300  B.C.), 
Erasistratus  (330-250  B.C.). 

In  the  present  paper  I  propose  to  discuss  somewhat  more  fully  con- 
tributions particularly  concerning  the  pulse,  its  measuiement  and  rhythm, 
contributions  which,  with  the  exception  of  Herophilus',  considered  the 
first  firm  foundations  of  ancient  pulse  lore,  have  all  appeared  during  the 
Christian  Era  and  to  a  large  extent  have  continued  in  medicine  until 
recent  times. 

Herophilus'  significant  contribution  of  the  use  of  the  water  clock  (Clep- 
sydra) for  coimting  the  puLse,  the  first  use  of  an  instrument  of  precision 
in  medicine,  and  his  development  of  a  quantitative  theory  of  the  pulse, 
has  been  amplified  and  discussed  in  considerable  detail  in  two  classical 
papei-s — the  one  by  Marcellas — "a  Httle  treatise  of  no  earlier  date  than  the 
second  century" — the  other  by  K.  F.  H.  Marx  in  1838.  Marcellus  points 
out  that  Herophilus'  interest  in  pulse  counting  was  primarily  "to  appraise 
the  evidences  of  fever,"  and  by  calibrating  the  water  clock  for  various 
normal  age  groups  and  varying  pulse  rates  in  control  individuals,  he  reached 
his  goal.  Herophilus  apparently  placed  so  much  importance  on  the  pulse 
rate  as  a  constant,  and  as  an  index  of  the  general  health  or  disease  of  the 
body,  that  "on  the  occasion  of  a  visit  to  a  patient,  he  set  up  the  water  clock 
at  the  bedside,  palpating  and  counting  the  pulse,"  and  made  his  deductions 
accordingly. 

Schone,  in  commenting  on  the  water  clock,  believed  that  "Herophilus 
*  Deceased,  June  27,  1941. 
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classified  the  pulse  rhythm  in  four  age  groups,  and  as  only  a  single  water 
clock  Is  mentioned  for  the  observation  of  patients  of  varying  ages  and 
varying  puLse  rates,  concluded  that  the  instrument  could  be  regulated." 

The  introduction  of  the  Clepsydra  as  an  ia^trument  of  precision  at  this 
early  date  seems  of  great  significance,  for  which  reason  I  am  translating 
Schone's  description  of  the  method  as  follows: 

"By  the  water  clock  one  is  enabled  to  estimate  the  period  of  time  during 
'j^hich  a  known  quantity  of  water  flows  from  one  vessel  to  another  placed  below. 
The  passage  of  time  may  be  estimated  by  observing  either  the  outflow  or  inflow 
vessel.  Herophilus  noted  the  time  in  which  the  lower  vessel  had  become 
completely  filled.  At  a  minimum  four  time  periods  could  be  measured,  by 
varying  the  size  of  the  lower  vessel.  A  second  method  of  varying  the  capacity 
was  by  the  introduction  or  removal  of  wax  within  either  the  outflow  or  inflow 
vessel.^'- 

Marx  credits  Herophilus  as  the  first  to  appreciate  the  significance  of  the 
pulse  as  an  index  of  health  and  disease  and  as  observing  and  differentiating 
such  decisive  pulse  variations  as  size,  rate,  strength  and  rhythm,  particu- 
larly evaluating  the  last  from  the  standpoint  of  prognosis. 

Viewed  from  the  modern  perspective  and  at  this  long  range,  one  con- 
fesses to  considerable  difficulty  in  understanding  the  significance  of  He- 
rophilus' use  of  the  word  "rhythm,"  described  as  the  "metrical"  portion 
of  his  pulse  lore.  In  this  connection  O.sler  points  out  that  Herophilus  was 
greatly  influenced  by  the  masical  theories  of  his  time,  comparing  the 
rhythm  of  the  puLse  to  musical  rhythm,  and  giving  them  specific  names 
such  as  the  "goatlike"  or  bounding  pulse,  puLsas  capricous  or  deciotus 
(Rosenbloom). 

In  an  interesting  paper  entitled  "Primitive  Methods  of  Measuring  Time," 
R.  W.  Sloley  likewise  discusses  the  Clepsydra — a  "water  thief" — as  a 
distinctive  method  based  on  the  flow  of  water,  the  oldest  specimen  of  the 
water  clock  dating  from  about  1300  B.C.  An  unasually  fine  specimen  of 
an  Egyptian  outflow  water  clock  of  about  the  time  of  Herophilus  is  in  the 
museum  of  the  Oriental  Institute  of  the  University  of  Chicago.  In  con- 
templating the  ase  of  such  an  instrument  for  counting  the  pulse  one  is 
impressed,  among  other  things,  by  its  lack  of  portability  and  the  calibra- 
tion for  relatively  large  intervals  of  time — hours.  It  would  have  seemed 
desirable,  if  not  probable,  that  Herophilus  must  have  used  a  less  cumber- 
some "water  thief" — and  one  of  a  somewhat  finer  calibration! 

Much  of  Herophilus'  metrical  studies  of  the  pulse  was  criticized  by 
Galen  some  400  years  later.    Galen,  born  at  Pergamos  130  A.D. — 

"the  greatest  name  after  Hippocrates  in  Greek  medicine,  in  whom  was  united 
as  never  before,  and  indeed  one  may  say  never  since — the  treble  combination  of 
observer,  experimenter,  and  philosopher,^'' 
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likewise  critizcd  Hippocrates  for  his  lack  of  interest  in  the  arterial  pulse, 
insisting  that  the  subject  was  not  adequately  studied  until  after  his  time. 

''He  was  first  in  the  history  of  biology  to  appeal  to  experiment  for  an  answer  to 
questions  confronting  him,  and  he  may  in  consequence  be  referred  to  as  the 
founder  of  experimental  physiology.'^ 

Galen's  major  contribution  to  the  pulse  occupied  some  200  folio  pages 
contained  in  sixteen  books,  with  titles  and  subdivisions  as  follows  (Coxe): 

//  Galeni,  De  pulsibus  libellus  ad  tyrones,  {a  concise  treatise  on  the  pulse 
for  students); 

III  Galeni,  De  pulsuum  differentiis  {on  the  differences  of  pulses),  4  books; 

IV  Galeni,  De  dignoscendi  pulsibus  {on  the  knowledge  of  the  pulse  from 
books),  jf.  books; 

V  Galeni,  De  causis  pulsuum,  {on  the  causes  of  the  pulse),  4  books; 

VI  Galeni,  De  praesagatione  ex  pulsibus,  {on  prediction  from  the  pulse), 
4  books; 

VII  Galeni,  Synopsis  librorum,  suorum,  sexdecim  de  pulsibus,  {general 
summary) . 

(^oxe,  an  opponent  of  Harvey,  thus  succinctly  comments  on  Clalen's 
pulse  study: 

"Upon  the  whole  on  reviewing  the  sixteen  books  of  Galen  on  the  pulse  at  large 
.  .  .  I  apprehend  we  may  safely  conclude  that  there  is  fully  as  much  good 
sense  and  reason  in  his  speculations  as  in  any  of  those  that  have  since,  his 
time  been  promulgated  by  Solano,  Bordeau,  Nihill,  Falconer,  and  others 
down  to  the  later  period  of  Hillier,  Parrx,  and  many  others  in  Great  Britain 
and  elsewhere y 

Galen's  astuteness  of  observation,  as  well  as  his  wide  experience  as  a 
'  linician,  is  well  exemplified  by  an  anecdote  recounted  by  Osier,  an  early 
example  of  insight  into  the  "total  personality"  and  a  remarkable  con- 
tribution to  the  role  of  the  emotions  in  pulse  rate  and  rhythm: 

"Called  to  see  a  lady,  he  found  her  suffering  from  general  malaise  without 
any  fever  or  increased  action  of  the  pulse.  He  saw  at  once  that  her  trouble 
was  mental,  and  like  a  wise  physician  engaged  her  in  general  conversation, 
^uite  possibly  he  knew  her  story,  for  the  name  of  a  certain  actor,  Pylades,  was 
mentioned,  and  he  noticed  that  her  pulse  at  once  increased  in  rapidity  and 
became  irregular.  On  the  next  day  he  arranged  that  the  name  of  another 
actor,  Morpheus ,  should  be  mentioned,  and  on  the  third  day  the  experiment 
was  repeated  without  effect.  Then  on  the  fourth  evening  it  was  again  men- 
tioned that  Pylades  was  dancing,  and  the  pulse  quickened  and  became  irregular, 
so  he  concluded  that  she  was  in  love  with  PyladesV' 
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So  far  as  I  am  aware,  this  Ls  the  first  recorded  instance  of  a  simple  tachy- 
cardia with  extrasystoles  emotional  (psychogenic)  in  origin! 

Few  contributions  of  note  were  added  to  the  exhaastive  pulse  studies 
of  Galen  for  nearly  1000  years,  at  which  time  Aegidius  Carboliensis  of  the 
Salernitan  School,  writing  in  metrical  form,  described  in  hLs  "De  Pulsibus" 
fifteen  or  more  varieties  of  the  pulse.  Known  as  a  distinguished  French 
physician  and  humanist,  Carboliensis  studied  at  Salerno  and  wrote  medical 
poems  in  Leonine  verse,  which  were  considered  of  great  importance  as 
being  the  main  channel  through  which  Salernitan  lore  reached  the  Parisian 
physicians.  Flint  traaslated  the  headings  under  which  Carboliensis  wrote 
his  short  pithy  verses  as  follows: 

"Concerning  the  Pulse  and  its  Sizes:  On  a  large  pulse;  In  what  does  a  large 
"pulse  consist?  Definition  of  a  small  pulse;  strong  or  weak  pulse;  slow  or 
fast  pulse;  hard  or  soft  pulse;  empty  or  full  pulse;  hot  or  cold  pulse;  frequent 
or  rare  pulse;  pulsus  deciduus;  equal  pulse;  unequal  pulse;  irregular  pulsed 

(Flaxman.)  In  these  verses,  descriptive  of  the  many  varieties  of  the  pu.'se, 
one  senses  a  remarkabh'  close  approximation  to  our  modern  clinical 
classification,  the  result  of  the  painstaking  and  methodical  observations  of 
our  able  clinicians  of  25  to  50  years  ago — observations  made  just  prior  to 
and  including  the  clinicians  of  James  Mackenzie's  generation,  and  the 
introduction  of  graphic  and  electrical  methods  of  pulse  registration. 

Another  400  years  elapses  before  we  find  a  stUl  more  elaborate  and 
intricate  classification  of  the  pulse,  hy  the  Polish  physician,  Josephus 
Struthius,  with,  for  the  first  time,  the  publication  of  figures  of  pulse  waves. 
Struthius,  born  in  Posen  in  1510,  best  known  for  his  translation  into  Latin 
of  the  writings  of  Galen,  refased  Philip  II  of  Spain's  ghttering  offer  to 
become  attached  to  his  palace — accepting  instead  the  post  of  "Leibarzt" 
to  King  Sigismund  August  of  Poland. 

The  title  page  of  Struthius'  most  famous  publication,  "Artis  Sphygmica" 
(1555)  and  a  diagram  of  variations  in  the  character  of  the  pulse  found  in 
different  areas  of  the  palmar  surface  of  the  hand,  \\-ith  descriptive  terms 
such  as  "celer,"  "tardus,"  etc.,  still  found  in  modern  clinical  nonlenclature, 
and  the  elaborate,  complex  table  of  the  countless  varieties  of  the  pulse 
described  by  Struthius,  which  is  found  folded  mthin  the  early  pages  of  his 
book  testify  to  the  industry  and  thoroughness  of  this  first  graphic  stud}' 
of  the  pulse — antedating  some  four  centuries  our  modern  arterial  and 
venous  pulse  tracings, — electrocardiograms,  etc.  Perhaps,  gauged  by  such 
perspective,  one  maj'  be  forgiven  the  role  of  prophecy-  by  predicting  that 
sometune  within  the  next  400  years  our  medical  descendants  wall  present 
to  the  scientific  world  equally  revolutionaiy  and  seemingly  radical  dis- 
coveries and  contributions  to  our  present  day  knowledge  and  concepts  of 
the  circulation ! 

Shortly  after  the  death  of  Struthius,  the  young  physicist-astronomer 
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Galileo,  the  "wrangler,"  about  a  year  alter  his  matriculation,  questioning 
anionfj;  others  the  dictates  of  Aristotle,  made  his  first  discovery,  that  of  the 
synchronism  of  the  oscillation  of  the  pendulum,  timing  the  excursions  of 
his  pulse.    This  was  the  first  attempt  at  accurate  measurement  of  any 


THE 

Phyfeciari  s^tilfe Watch 

'  6  k,  A  N 

ESSAY 

To  Explain  the  Old  Artof  Fe  e  l  i  n  g  the 
'  Pulse,  a'nd  to  Improve  it  by- the  help  of 
a  Pu  L s  e-Wa  t  c h. 


In  Three  P  A  R  f  S. 


I.  The  Old  Cdtnic  Art  of  Feelmg  the  Pulfe  is 
defcrib'd,  aod  many  of  its  Errors  correded  : 
The  true  Ufeof  thePulfes,and  their  Cauies, 
Differences  anJ  Prognoftic-itions  by  them, 
are  fuily  cxplain'd,  and  Direi^ions  given  for 
Feeling  the  Pulfe  by  the  Pulfc-Watch,  or 
NJioute-Glafs. 

II.  A  New  Mechanical  Method  is  propos'd  for 
preferving  Health,  and  prolonging  l  ife,  and 
for  curing  Difeafes  by  the  help  of  the  Pulfc- 
Watch,  which  {hews  the  Pulfes  when  they 

•  exceed  or  are  deficient  from  the  natural- 
Ill.  The  Chirttfe  Art  of  Feeling  the  Pulft  is 
defcrib'd-,  aod  the  Imitation  or  their  Practice) 
of  PhyGck,  which  is  grounded  on  tfye  Obftr- , 
vation  of  ibe  Polfe^  is  recommeoded.  • 
To  which  is  addrd, 

An  Extra^^  out  of  Andrew  Clcytr^  concerning 
the  Chtntfe  Art  of  Feeling  the  Pulfe.  ^ 


By  Sir  J  OHN  Floyer,  Knigj-t.  ^ 


lOSDOS',  Printed  for  Sxm.  Snhb  and  S--«f>  W^lfordy  at 
t>^e  Viincc'i-j^rKi'xaSt.  rimfiCbuTct-yari,  1707. 


Fig.  1 


bodily  function,  as  well  as  the  basis  of  the  modern  clock.  He  was  not, 
however,  then  thinking  of  clocks,  but  only  of  the  construction  of  an  instru- 
ment which  should  mark  with  accuracy  the  beat  of  the  pulse  and  its  varia- 
tions from  day  to  day.    He  (juickly  gave  form  to  his  idea,  and  it  was  wel- 
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coined  with  delight  by  physicians  and  was  long  in  general  use  under  the 
name  of  "Pulsilogier"  (Charles  Singer). 

Another  important  contribution  which  must  be  recorded  in  this  brief 
summary  of  the  history  of  the  measurement  and  rhythm  of  the  pulse  is 
that  of  the  invention  by  Sir  John  Floyer  of  the  minute  watch,  occurring 
approximately  at  the  time  of  Harvey's  momentous  discovery  of  the  circula- 
tion. Sir  John  Floyer  (1649-1734)  studied  philosophy  and  medicine  at 
O.xford,  later  practising  medicine  at  Lichfield.  He  noted  the  relation  of 
the  frequency  of  the  pulse  to  that  of  respiration,  and  introduced  the  minute 
watch  to  determine  the  pulse  rate.  His  now  well  known  book  on  the  Physi- 
cian's Pulse  Watch  contains  the  following  title  page  statement  (fig.  1). 

^^The  old  Galenic  art  of  feeling  the  pulse  is  described  and  many  of  its  errors 
corrected.  'The  true  use  of  the  pulses  and  their  causes  are  fully  explained  and 
directions  given  for  feeling  the  pulse  by  the  pulse  watch  or  minute  glass." 

In  the  "Preface"  a  somewhat  more  complete  statement  of  the  circumstances 
of  its  invention  is  given.  It  is  interesting  to  note  that  Floyer  refers  to  the 
old  Galenic  art  of  feeling  the  pulse,  apparently  unaware  of  the  earlier 
observations  of  Herophilus.  Schone  has  also  pointed  out  that  Herophilus' 
observations  on.  the  pulse  did  not  survive  antiquity  and  were  again  lost 
sight  of  for  many  centuries.  On  the  other  hand  Floyer's  reference  to 
pendulum  clocks  doubtless  evidences  his  awareness  of  Galileo's  invention 
and  introduction  of  the  Pulsilogier. 

In  conclusion  I  should  like  to  quote  Floyer's  philosophical  "reflexions" 
on  the  "Pulses  in  England": 

"If  the  Pulses  in  England  be  in  a 
Minute — Jo 

In  a  quarter  of  an  hour  there  will  be — /050 
In  an  hour — 4200 
In  24  hours — 100800 

For  JO  Pulses  in  a  minute  there  are  14  respirations. 

In  24  hours  the  Respirations  are  20160 

In  an  hour  the  Respirations  are  840. 
I  hope  ihese  surprising  numbers  will  produce  the  same  Reflexions  in  the 
Reader  as  I  shall  now  make.  That  nothing  but  an  infinite  wise  God  could 
control  such  perpetual  and  numerous  Motions  as  the  Pulse  and  Respirations 
have  in  one  Day;  but  it  requires  the  Providence  of  the  same  wise  Creator  to 
preserve  'em  all  the  Days  and  7^ears  of  our  Lives.  Our  Lives  are  measured 
by  the  Number  of  our  Pulses,  the  first  Pulse  begins  Life  and  it  ceases  with  the 
last;  if  the  Number  of  one  Day  be  wonderful,  the  many  Millions  which  will 
happen  in  one  Hundred  Years  ought  to  be  considered  the  greatest  Miracle  of 
the  Creation." 
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Manifestations  of  Polyvalent  Sensitization 

JOSEPH  HARKAVY,  M.D. 

[From  the  Medical  Services  of  The  Mount  Sinai  Hospital] 

The  allergic  manifestations  in  man  are  attributed  primarily  to  tissue 
edema.  According  to  Lewis  (1)  and  Dale  (2)  the  latter  is  the  result  of  an 
antigen-antibody  interaction  on  or  within  the  cell  with  the  release  of  his- 
tamin-like  substances  which  lead  to  increased  vascular  permeability.  His- 
tological observations  by  Frohlich  (3)  and  Rossle  (4)  support  this  view. 
In  their  description  of  the  genesis  of  the  Arthus  phenomenon  in  the  mesen- 
tary  of  the  sensitized  frog  following  local  application  of  hog  serum,  they 
describe  capillary  stasis,  engorgement  of  capillaries  with  plasma  and 
emigration  of  leucocytes  accompanied  by  distinct  edema  of  the  contiguoas 
nerves.  The  Arthus  phenomenon  in  the  guinea  pig  produced  by  sensitiza- 
tion with  various  proteins  such  as  horse  serum,  eggwhit^,  etc.  is  charac- 
terized by  edema;  in  the  rabbit  by  severe  necrosis.  This  lesion,  according 
to  Menkin  (5),  is  marked  by  increased  permeability  of  the  capillaries,  out- 
pouring of  fibrinogen  into  the  tissue  spaces  with  deposition  of  fibrin  and 
thrombosis  of  the  lymphatic  capillaries  and  small  veins  which  insures  the 
local  fixation  of  antigen.  The  initial  implication  of  the  endothelium  of 
blood  ve.ssels  rather  than  smooth  muscle  in  this  reaction  is  obvious.  More- 
over primary  sensitization  of  smooth  muscle  of  human  origin  like  that 
which  exists  in  the  lower  animals,  has  not  been  demonstrated  in  man. 
Since,  therefore,  the  blood  vessels  appear  to  be  the  primary  seat  of  the 
allergic  reaction,  it  may  be  reasoned  that  any  tissue  in  the  body  may 
become  sensitized  i.e.  "shock  organ"  provided  the  blood  vessels  supplying 
it  are  sensitized 

The  simplest  example  of  this  is  urticaria  or  eczema  due  to  food  hyper- 
sensitiveness,  in  which  the  skin  becomes  a  shock  organ  by  virtue  of  sensi- 
tization of  the  blood  vessels  which  supply  it.  Should,  however,  the  sensi- 
tization be  concentrated  in  the  vessels  themselves  it  is  readily  conceivable 
that  pathological  changes  may  arise  in  the  vessel  walls  and  may  lead  to 
various  secondary  changes  in  the  tissues  which  they  supply  depending 
upon  the  resultant  anoxemia  and  allied  factors. 

The  elements  involved  in  the  development  and  localization  of  allergic 
manifestations  in  man  are  many.  The  first  is  the  constitutional  factor, 
which  accoimts  not  only  for  the  inheritance  of  the  allergic  state  but  also 
for  the  character  of  the  shock  tissue.    Thus,  for  example,  the  child  of  an 
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a-sthmatic  parent  is  apt  to  develop  respiratory  allergy  while  another,  in 
whoso  family  gastro-intostinal  or  skin  manifestations  occur,  may  become 
subject  to  similar  disturbances.  It  is  well  established  that  about  50  per 
cent  of  patients  with  asthma  or  hay  fe\  er  give  a  personal  and  family  history 
of  allergy.  They  not  only  have  positive  skin  reactions  to  the  incriminating 
allergens,  but  corresponding  antibodies  in  the  blood  stream  called  reagins, 
demonstrable  by  passive  transfer.  These  individuals  are  designated  by 
Coca  as  "atopic."  Other  patients  with  clinical  manifestations  identical 
with  those  seen  in  the  atopic  indi\'idual  may  not  ha\  e  any  personal  or 
family  histories  of  allergy  but,  nevertheless,  their  presenting  symptoms  are 
recognizable  in  accordance  with  the  immunological  criteria  applicable  to  the 
atopic  state.  It  has  been  shown  also  that  so-called  normals,  depending 
upon  the  degree  of  their  receptivity  and  the  character  of  the  antigenic 
stimulation,  can  be  sensitized  by  foreign  proteins  with  the  production  of 
reagins,  just  as  the  atopic  individuals.  The  difference  between  the  two, 
however,  is  explained  by  the  fact  that  the  atopic  patient  has  a  tendency  to 
polyvalent  sensitivity  with  multiple  clinical  allergic  manifestations  which 
may  appear  simultaneously  or  alternatively,  such  as  asthma  and  eczema, 
greater  intensity  in  his  response  and  a  more  consistent  presence  of  blood 
reagins,  corresponding  to  the  reacting  substances,  in  contrast  to  the  so- 
called  normal. 

The  second  important  factor  in  the  allergic  reaction  is  the  nature  of  the 
exciting  agent  or  allergen.  There  seems  to  be  an  affinity  between  certain 
allergens  and  the  affected  tissue  i.e.  shock  organ.  Pollen  for  instance  will 
induce  respiratory  more  often  than  gastro-intestinal  symptoms.  One  may, 
therefore,  expect  that  unless  there  is  such  an  inter-relationship  the  mere 
presence  of  an  allergen  in  the  environment  will  not  be  followed  by  symptoms 
usually  induced  by  that  particular  protein  substance.  In  other  words 
given  an  allergic  individual  plus  sufficient  exposure  to  a  specific  allergen 
there  must  be  present  a  recepti\'e  shock  tissue  before  reactions  will  follow. 

While  the  nature  of  the  shock  organ  may  be  influenced  by  hereditary 
factors  it  may  also  be  developed  in  the  so-called  normal  as  well  as  the  atopic 
individual  through  the  medium  of  many  non-specific  agents  of  chemical, 
physical,  or  bacterial  origin.  The  physiological  changes  wrought  by  such 
agents  may  so  alter  the  reactions  of  the  affected  tissues  that  they  become 
readily  sensitized  by  allergens  to  which  they  were  previously  impervious. 
This  is  best  illustrated  by  such  examples  as  hyperergic  reactions  in  the 
cardiovascular  system  of  the  sensitized  animal  following  administration 
of  epinephrine,  caffeine  or  alcohol,  (Knei)per  and  Waaler  (6))  or  in  joints 
and  adjacent  tissues  after  refrigeration  and  trauma,  (Vaubel  (7),  Lasowsky 
and  Kogan  (8)).  It  is  also  demonstrable  in  the  Shwartzman  (9)  phe- 
nomenon. Here  rabbits  sensitized  with  horse  serum  and  injected  locally 
with  a  bacterial  product,  such  as  B.  coli  toxin,  respond  in  the  prepared  site 
with  hemorrhagic  necrosis  on  intravenous  reinjection  of  horse  serum. 
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Such  a  local  response  does  not  ordinarily  follow  reinjection  of  horse  serum 
in  the  sensitized  animal  but  does  appear  if  the  animal,  previously  "pre- 
pared" locally  with  B.  coli  toxin,  is  reinjected  intravenously  with  the 
homologous  toxin,  or  a  heterologous  toxin  capable  of  inducing  similar 
hemorrhagic  reactions.  The  creation  of  a  shock  organ  formerly  called  a 
"locus  minoris  resistenliae"  by  older  clinicians,  by  the  various  methods 
referred  to,  is  sometimes  called  non-specific  allergy  and  is  important  in  the 
development  of  disease  processes.  Non-specific  factors  may  not  only  play 
a  role  in  the  localization  of  the  lesion  but,  may  also  as  in  the  case  of  bac- 
terial products  by  virtue  of  their  toxic  effects,  enhance  the  action  of  a 
sensitizing  agent.  Thus  they  may  change  the  relatively  simple  reversible 
allergic  reaction  into  a  more  intense  and  irreversible  one,  both  in  the  atopic 
and  non-atopic  individual.  The  non-specific  agents  need  not  necessarily 
be  exogenous,  but  may  be  inherent  in  the  allergen  responsible  for  the 
primary  sensitization.  Thus,  for  example,  hypersensitivene.ss  to  coffee 
carries  with  it  sensitization  to  the  protein  in  the  coffee  bean  as  well  as  to 
the  pharmacological  effects  of  caffeine.  Sensitization  to  tobacco  incor- 
porates with  it  the  simultaneous  toxic  effects  of  nicotine.  The  va.so- 
constriction  induced  by  nicotine  is  the  same  in  man  and  animal  whereas 
the  allergic  effects  of  tobacco  differ  considerably  in  various  individuals. 
When  dealing  with  a  complex  substance  a.s  tobacco,  the  synergistic  effects 
of  nicotine  and  tobacco  protein  which  follow  .sensitizatioas  to  the  latter, 
or  possibly  to  both  components,  may  be  compared  to  the  summation  effects 
which  result  from  combined  sensitization  to  pollen  and  bacterial  agents, 
or  food  and  drugs  simultaneously.  A  person  sensitive  to  these  combined 
allergens  may  have  respiratory  symptoms,  gastro-intestinal  and  possibly 
skin  manifestations  all  at  once  or  in  succession. 

In  dermatology  the  synergistic  effects  of  drugs  and  bacteria  or  other 
allergens  are  well  known.  Thus,  [Nlilian  flO)  and  other  French  dermatolo- 
gists describe  the  interaction  or  synergi.sm  between  drugs  and  bacteria 
wherein  the  development  of  symptoms  siinulating  infectious  diseases  fol- 
lowing the  ingestion  of  drugs  are  due  not  only  to  the  drug  hypei-sensitive- 
ness,  but  also  to  the  potentiating  effect  of  the  drug  upon  some  dormant 
infectious  agent.  ^Vhile  this  may  be  true  for  drugs  it  also  holds  for  foods, 
pollens  and  other  inhalants.  Such  a  mechanism,  however,  does  not  exclude 
the  fact  that  drugs,  foods,  or  for  that  matter  any  other  allergen  in  and  of 
themselves  can  induce  clinical  pictures  identical  with  many  infectious 
processes. 

While  these  mechanisms  have  been  studied  to  a  certain  extent  in  con- 
junction with  diseases  of  the  skin  and  the  respiratory  apparata«,  very  little 
ha,s  been  done  in  investigating  their  role  in  relation  to  the  cardiovascular 
system.  In  deahng  with  diseases  affecting  the  heart  and  blood  vessels,  the 
criteria  established  for  the  diagnosis  of  recognized  allergic  diseases  must 
serve  as  a  point  of  departure.    Thus  it  is  highly  important  to  study  the 
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clovelopnipiit  and  rouiso  of  cardiovascular  tliscase  as  it  appears  in  the 
atopic,  whose  constitutional  background  is  so  significant  in  his  reaction  to 
his  environment  and  disease,  as  well  as  in  the  so-called  normal  indi\  idual 
capable  of  ac(|uiring  sensitization.  Here,  as  in  asthma,  if  an  allergic 
mechanism  is  concerned  in  the  e\  olution  of  disease  of  the  vascular  system, 
tlie  process  may  be  found  to  be  reversible  or  irreversible,  and  the  exciting 
cause,  as  in  other  forms  of  alleigy,  may  be  disco^•ered  in  foods,  inhalants, 
drugs,  bacteria,  or  combinations  of  any  of  these.  The  following  ca.ses 
illustrate  these  points. 


CASE  REPORTS 

Drug  allergy.    Purpura  due  to  aspirin  sensitization. 

Case  1.  History  (Adm.  4640fr4).  R.  C,  aged  64,  was  admitted  to  the  medical 
service  of  Dr.  George  Baehr,  October  18,  1940,  with  a  history  of  having  had  gonorrhea 
and  syphilis  at  the  age  of  18.  In  1917  he  was  found  to  have  a  positive  Wassermann 
reaction  and  tabes  dorsalis.  During  the  next  twenty  years  he  was  treated  with 
arsphenamin,  bismuth  and  iodides  at  the  Out-Patient  Department  of  The  Mount 
Sinai  Hospital,  hi  view  of  repeated  negative  Wassermann  reactions,  therapy  was 
discontinued  in  10.32.  The  shooting  pains  in  the  legs  and  ankles  persisted  despite 
all  previous  treatment.  In  order  to  relieve  them  the  patient  took  1  to  5  grams  of 
aspirin  a  day  for  23->-ears.  For  three  weeks  prior  to  admission,  because  of  increasing 
severity  of  the  pains,  the  patient  took  3  to  5  grams  of  aspirin  per  day.  Six  days  be- 
foie  entry  into  the  hospital  he  developed  mild  diarrhea,  which  was  followed  by  a 
rash,  chills  and  fever. 

Examination.  He  was  found  to  have  a  temperature  of  102°F.,  moist  rales  at  both 
bases,  moderate  enlargement  of  the  heart  to  the  left  with  a  systolic  murmur  at  the 
apex.  The  blood  pressure  was  170  systolic  and  90  diastolic.  The  liver  was  felt  2  to 
3  fingers-breadths  below  the  costal  margin.  The  most  significant  finding  was  an 
extensive  purpuric  eruption  over  the  entire  skin  of  the  neck,  both  legs,  the  palms, 
soles,  penis  and  scrotum.    There  was  also  slight  edema  of  both  logs. 

Laboratory  Data:  Hemoglobin,  69  per  cent:  red  blood  cells  3,750,000;  white  blood 
cells,  9,200:  polymorphonuclear  leucocytes,  70  per  cent;  18  per  cent  non-segmented; 
lymphocytes,  23  per  cent:  mononuclear  cells,  3  per  cent:  and  3  per  cent  eosinophiles. 
Tourniquet  test  was  positive.  The  bleeding  time  was  8  minutes,  clotting  time  4 
minutes,  and  a  good  clot  retraction  in  4  hours.  The  platelet  count  was  200,000. 
Sedimentation  time  was  30  minutes.  The  stool  showed  a  4  plus  guiac  reaction.  The 
blood  culture  was  negative.  The  blood  Wassermann  reaction  was  also  negative. 
Wirious  serologic  tests  to  determine  the  cause  of  the  diarrhea  were  negative.  The 
x-ray  examination  of  the  colon  disclosed  no  abnormalities. 

Course.  In  the  ensuing  one  and  a  half  weeks  the  salycilates  were  discontinued. 
The  temperature  fell  to  normal  and  the  diarrhea,  which  amounted  to  7  to  8  loose 
bowel  movements  a  day,  gradually  subsided.  The  purpuric  eruption  faded  and  the 
tourniquet  test  reverted  to  normal.  In  order  to  determine  the  relationship  between 
the  purpura  and  the  salycilates  the  patient  was  given  15  grams  of  aspirin.  Within 
24  hours  the  purpuric  rash  returned  and  the  tourniquet  test  became  positive.  The 
bleeding  time  and  coagulation  time  were  not  altered.  The  guiac  reaction  in  the  stool 
was  likewise  negative.  The  aspirin  was  discontinued  and  the  purpura  disappeared. 
Skin  tests  with  aspirin  were  negative.  A  provocative  test  with  sodium  salycilate  led 
temporarily  to  a  positive  tourniquet  test. 
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Comment.  A  known  syphilitic,  who  in  spite  of  continuous  antiluetic  treatment 
and  a  negative  Wassermann  reaction  continued  to  have  tabetic  crises.  Apparently 
he  was  not  cured  of  the  underlying  disease.  The  ingestion  of  large  amounts  of  as- 
pirin over  a  long  period  of  j'ears  sensitized  him  to  the  drug  resulting  in  the  production 
of  purpura,  as  repeatedly  proven.  The  purpura  and  the  positive  tourniquet  test 
clearly  indicated  involvement  of  the  capillary  vessels  as  a  shock  organ.  The  diar- 
rhea and  the  positive  guiac  test  in  the  stool  could  be  attributed  to  purpura  in  the 
intestinal  wall.  The  coincident  disappearance  of  the  blood  from  the  stool  and  pur- 
pura of  the  skin  would  tend  to  support  this  concept.  Whether  the  intensitj'  of  the 
vascular  reaction  was  due  to  a  synergistic  effect  of  the  liberated  syphilitic  products 
and  the  aspirin,  is  a  question  which  must  be  borne  in  mind. 

Tobacco  allergy.  Thrombo-phlebiti.s  migran.s  and  thrombo-angiiti-s 
obliterans. 

In  a  .serie.';  of  reports  beginning  in  1932  I  described  the  presence  of  posi- 
tive skin  reactions  to  tobacco  in  cases  suffering  from  thrombo-angiitis 
obliterans,  certain  types  of  migrating  phlebitis  and  angina  pectoris  with 
or  without  coronary  artery  disease.  Of  140  patients  with  thrombo- 
angiitis obliterans  studied,  95  cases  or  78  per  cent  showed  positive  skin 
reactions  to  various  tobaccos  on  intradermal  tests.  Forty-four  per  cent 
of  the  95  cases  showed  reagins  or  antibodies  to  tobacco.  Since  only  10 
to  12  per  cent  of  the  positively  reacting  patients  gave  histories  of  allergy 
and  showed  reactioiLs  to  rag\veed  or  timothy,  it  may  be  assumed  that  only 
this  number  belonged  to  the  atopic  category  while  the  remaining  68  per 
cent  of  cases  with  thrombo-angiitis  obliterans  became  sensitized  to  tobacco 
as  a  result  of  excessive  smoking.  The  development  of  tobacco  reagins  in 
this  group  indicated  that  they  behaved  in  a  manner  similar  to  the  atopic 
individual.  In  this  respect,  therefore,  they  may  be  compared  with  the 
asthmatic  patient  with  a  negative  allergic  background.  That  repeated 
exposure  to  tobacco  maj'  be  followed  by  sensitization  was  proved  by  us  in 
white  rats  who  developed  gangrene  of  the  toes  (11)  simulating  thrombo- 
angiitis obliterans  as  a  result  of  repeated  intraperitoneal  injection  of 
denicotinized  tobacco.  The  animals  thus  affected  were  .shown  to  be  hyper- 
seiLsitive  to  tobacco  hy  the  Schultz-Dale  reaction.  That  tobacco  sensi- 
tization may,  however,  be  more  intense  and  involve  characterLsticallj^  more 
than  one  shock  tissue  in  the  atopic  individual  as  compared  w4th  the  so- 
called  sensitized  normal,  is  evident  in  the  following  case. 

Case  2.  History  (Adm.  41-4750).  P.  F.,  aged  33,  who  had  been  smoking  for  15 
years  20  to  30  cigarettes  daily  developed  a  phlebitis  in  the  left  leg  in  1935.  This 
subsided  on  bed  rest.  In  1938  there  appeared  numerous  boils  over  his  arms  and  neck 
which  continued  for  nine  months  and  gradually  subsided  as  a  result  of  various  forms 
of  therapy.  Early  in  1940  he  complained  of  pain  in  the  ankles  and  both  feet  which 
persisted  for  about  ten  months.  He  was  told  he  had  arthritis,  but  x-ray  examina- 
tion failed  to  confirm  this.  Rest  in  bed  for  six  weeks  in  addition  to  baking,  brought 
about  improvement  in  his  condition.  In  December  1940  while  still  suffering  pain  in 
his  feet  he  noticed  an  inflamed  spot  half  way  down  his  left  leg.  This  was  diagnosed 
as  thrombo-phlebitis  by  his  physician.  Dr.  Karson.    On  January  5,  the  phlebitis 
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increased  in  size.  He  returned  to  bed  for  a  week  with  notable  recession  of  the  phlebi- 
tis under  a  regime  of  rest  and  wet  dressings.  On  January  12,  he  experienced  a  vague 
sense  of  sticking  pains  and  discomfort  over  his  lower  chest.  In  spite  of  this  he  got 
out  of  bed.  In  the  evening  of  the  following  da\'  he  experienced  a  sharp  pain  in  the 
left  lower  chest  in  the  region  of  the  spleen.  This  became  severe  and  stabbing  in 
character.  There  was  a  ri.se  in  temperature  to  102°?^.  and  chills.  The  patient  was 
unable  to  take  a  deep  breath  or  lie  on  the  affected  side.  Thei-e  was  no  cough  or  ex- 
pectoration. 

Examination.  There  was  dullness  over  the  left  l)ase  of  the  lung  posteriorly  with 
absent  breath  sounds,  fine  moist  rales  and  bronchophony.  X-ray  examination  of  the 
lung  showed  an  area  of  infiltration  in  the  left  base  accompanied  by  a  small  effusion. 
.\fter  3  days  in  bed  he  developed  pain  over  the  right  base  of  the  lung.  Examination 
disclosed  some  dullness  and  fine  rales  anteriorly  and  a  friction  rub  posteriorly.  A 
subsequent  x-ray  examination  on  February  2,  1941,  showed  a  similar  but  smaller 
area  of  congestion  at  the  right  base  together  with  a  moderate  amount  of  fluid.  The 
heart  <\as  normal,  the  pulse  was  100  per  minute  and  blood  pressure  139  systolic  and 
70  diastolic.  The  abdominal  examination  was  negative.  Half  way  down  the  right 
pretibial  region  there  was  a  nodular  area  of  phlebitis  measuring  Ij  X  2|  cm. 

Laboratory  Data.  The  blood  examination  showed  a  leucocytosis  varying  between 
17,200  and  10,400  with  88  to  84  per  cent  polymorphonuclear  leucocytes.  All  other 
laboratory  tests  were  negative. 

Course.  The  course  in  the  hospital  was  characterized  by  a  rise  in  temperature 
which  fluctuated  between  102°  and  103°F.  On  January  25  the  temperature  retvu'ned 
to  normal.  He  remained  in  bed  during  the  months  of  February  and  March.  The 
lung  signs  and  phlebitis  improved  progressively  and  at  the  time  of  his  discharge 
there  was  no  evidence  of  phlebitis.  Immediately  on  leaving  the  hospital  in  March  he 
resumed  smoking  from  which  he  had  refrained  during  the  entire  period  of  hospitaliza- 
tion. After  several  days  he  noticed  the  development  of  new  phlebitic  nodules,  this 
time  over  both  legs.  They  increased  in  number  and  became  migrating  in  character. 
On  the  advice  of  his  physician  he  went  to  the  thrombo-angiltis  clinic  at  The  Mount 
Sinai  Hospital  on  .\ugust  15.  On  examination  the  arteries  of  the  right  leg  were  nor- 
mal, but  on  the  left  leg  only  the  posterior  tibial  was  patent  while  the  pulses  in  the 
other  vessels  were  closed.  In  addition,  the  phlebitic  nodules  noted  above  were  also 
present  over  both  legs.  The  diagnosis  made  by  Dr.  S.  Silbert  was  early  thrombo- 
angiitis obliterans  associated  with  migrating  phlebitis.  .\n  electrocardiogram  taken 
at  this  time  disclosed  regular  sinus  rhythm,  tendency  to  left  axis  deviation,  small 
Qi,  2  and  4,  Ti  and  Ti  low,  T2  diphasic  and  T3  isoelectric.  This  suggested  myocardial 
damage.  Skin  tests  to  tobacco  showed  an  immediate  positive  one  plus  urticarial 
reaction  to  Burley  and  Maryland  tobaccos.  Two  days  later  there  appeared  a  de- 
layed reaction,  eczematous  in  nature  at  the  site  of  the  injected  Virginia  tobacco 
extract.  In  addition  to  these  positive  skin  tests  the  patient  showed  two  plus  posi- 
tive reactions  to  the  pollens  of  ragweed,  timothy  and  plantain.  The  presence  of  the 
latter  without  any  history  or  symptoms  referable  to  pollen  sensitivity  led  to  an 
investigation  of  his  family  background.  This  brought  forth  the  information  that 
one  of  his  cousins,  i.e.  his  mother's  sister's  son  had  ragweed  hay  fever  and  another, 
his  father's  brother's  son,  suffered  with  bronchial  asthma.  These  facts  together  with 
the  positive  skin  reactions  to  the  pollen,  obviously  suggested  an  atopic  heredity 
which  was  furthermore  borne  out  by  a  personal  history  of  pruritus,  i.e.  subclinical 
urticaria,  since  childhood.  Other  skin  tests  to  foods  and  inhalants  showed  numerous 
positive  reactions.  He  was  told  to  stop  smoking  and  to  omit  the  positively  reacting 
foods  from  his  diet.  He  did  this,  with  the  result  that  the  phlebitic  nodules  disap- 
peared together  with  the  generalized  pruritus. 

After  the  phlebitis  had  completely  subsided  he  was  retested  to  tobacco  on  .\ugust 
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29.  Two  days  later  he  developed  delaj'ed  reactions  to  Burley  and  Virginia  tobacco 
together  with  new  nodules  of  phlebitis  over  the  left  ankle.  These  remained  until 
September  6,  together  with  the  delayed  skin  reaction  to  Virginia  tobacco.  With 
the  disappearance  of  the  latter  the  nodules  also  subsided.  The  question  arose  as  to 
whether  this  short  exacerbation  of  phlebitis  was  the  result  of  absorption  of  the 
tobacco  antigen  from  the  skin  test.  To  check  this  he  was  retested  on  September  10, 
after  he  had  completely  recovered  from  the  previous  reactions.  This  time  he  de- 
veloped an  immediate  moderate  urticarial  response  to  Burlej-,  Maryland  and  Xan- 
this  tobaccos  and  a  delayed  reaction  to  Virginia  tobacco  which  appeared  within  two 
days.  The  latter  increased  in  size  and  intensity.  It  was  about  3  cm.  in  diameter 
and  also  of  eczematous  character.  Insidiouslj'  a  new  phlebitic  nodule  began  to 
develop  which  reached  its  peak  on  September  23  and  receded  on  September  25. 
Throughout  this  period  the  delayed  reaction  remained  and  when  examined  on  Sep- 
tember 26  it  was  still  present,  although  the  phlebitic  area  was  practically  gone.  He 
also  experienced  headache,  a  sensation  of  fullness  in  the  sinuses  and  pains  in  an  area 
under  the  left  knee,  which  had  been  a  previous  site  of  phlebitis,  as  well  as  "pimples" 
at  the  sites  of  his  former  boils.  The  patient  volunteered  the  information  that  the 
phlebitis  following  the  injection  of  tobacco  extract  was  of  shorter  duration  than  that 
after  smoking. 

Comment.  A  constitutionally  allergic  patient  with  a  history  of  pruritus  since 
childhood  and  excessive  smoking  since  adolescence,  developed  phlebitis  in  1936,  and 
generalized  boils  in  1938.  In  1940  there  was  recurrence  of  the  phlebitis  followed  by 
bilateral  pulmonary  symptoms  which  may  have  been  an  expression  of  migrating 
phlebitis  of  the  pulmonary  veins.  In  addition  to  these  lesions  evidence  of  thrombo- 
angiitis obliterans  and  myocardial  involvement  was  disclosed  elect rocardiographic- 
ally.  The  cause  of  these  vascular  manifestations  was  found  to  be  tobacco,  while 
that  of  pruritus  was  shown  to  be  food  allergj-.  Cessation  of  smoking  and  removal  of 
the  offending  foods  freed  him  of  symptoms.  It  is  possible  that  besides  the  consti- 
tutional factors  the  toxins  of  the  bacteria  responsible  for  the  generalized  boils  which 
this  patient  had  in  1938  had  acted  as  an  additional  "preparatory  factor"  in  the  sense 
of  Shwartzman  and  rendered  his  cardiovascular  system  much  more  vulnerable  to  the 
allergenic  effect  of  tobacco  than  that  seen  in  the  usual  non-atopic  case  of  thrombo- 
angiitis obliterans  in  which  the  lesions  are  usually  limited  to  one  shock  organ,  namely 
the  vessels  of  the  extremities. 

Polyvalent  sensitization  including  tobacco,  pollens  and  foods.  Angina 
pectoris  with  coronaiy  insufficiency,  gastro-intestinal  allergy. 

In  conjunction  with  our  studies  on  thrombo-angiitis  obliterans  we  found 
in  testing  100  cases  with  coronary  artery  disease,  that  44:  per  cent  gave 
positive  skin  reactions.  Passive  transfer  studies  in  14  selected  cases 
showed  tobacco  reagins  in  71  per  cent.  This  indicated  a  high  incidence 
of  antibody  formation  to  tobacco  usually  characteristic  of  the  atopic  indi- 
vidual. The  high  percentage  of  atopy  was  furthermore  supported  by  the 
finding  that  of  the  100  patients  investigated  33  per  cent  had  a  personal  or 
family  history  of  allergy  in  contrast  to  only  12  per  cent  of  the  patients 
with  thrombo-angiitis  obliterans  and  25  per  cent  in  a  group  of  400  normal 
control  smokers  in  the  general  population.  The  high  incidence  of  coronary 
disease  in  allergic  individuals  is  significant  of  the  extent  to  which  the 
vascular  system  is  involved  in  allergic  reactions.  This  is  illustrated  in 
the  following  group  of  patients. 
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Case  3.  History.  J.  D.,  aged  43,  a  physician,  was  first  seen  in  1939.  He  was 
subject  to  hives  after  exposure  to  cold  water  and  also  after  hot  showers  or  whenever 
he  became  overheated  after  exercise.  He  has  had  hay  fever  for  many  years,  which 
usually  started  in  May  and  continued  for  six  weeks.  His  aunt  also  has  hay  fever. 
In  1936  he  had  an  attack  of  artliritis  involving  both  knees  and  elbows  of  about  one 
year's  (hiration.  He  had  been  .smoking  since  the  age  of  16.  For  the  past  ten  years 
he  had  been  smoking  about  40  cigarettes  a  day. 

On  XprW  1st,  1938  while  seated  on  his  porch  and  smoking,  lie  suddenly  experienced 
a  severe  attack  of  angina  pectoris.  This  radiated  to  the  epigastrium  and  continued 
for  about  4  minutes.  During  the  succeeding  week,  on  April  3  and  5  he  had  similar 
attacks  of  anginal  pain  with  radiation  down  both  arms  and  upper  abdomen  for  3  to 
4  minutes  at  a  time.  Following  the  tliird  attack  he  noticed  that  his  pulse  was  rapid 
and  irregular  for  about  one  hour,  gradually  slowing  down.  He  became  alarmed  and 
consulted  a  cardiologist.  Electrocardiograms  taken  on  .\i)ril  6  showed  inversion 
of  Ti  and  Tj.  semi-inversion  of  Tj.  suggestive  of  anterior  wall  infarction.  He  was 
told  to  stop  smoking  and  rest.  He  refrained  from  the  use  of  tobacco  with  distinct 
imjjrovement  in  his  precordial  pain,  but  kept  on  working.  On  .\pril  10,  a  second 
electrocardiogram  was  made  and  showed  a  return  to  normal.  He  tried  smoking 
again,  following  which  he  immediateU^  experienced  a  severe  anginal  seizure  suf- 
ficiently convincing  to  cause  him  to  stop  smoking  completely. 

When  seen  in  March  1939  he  complained  of  a  good  deal  of  gastro-intestinal  distress 
characterized  by  belching,  distention  and  pyrosis  as  well  as  general  intoxication  and 
tachycardia  after  eating  various  foods.  These  symptoms  were  relieved  to  a  certain 
extent  by  colonic  irrigations.  X-ray  examination  of  his  gall-bladder  and  gastro- 
intestinal tract  was  completely  negative.  He  still  had  some  precordial  distress  on 
exertion.  Investigation  from  the  allergic  point  of  view  indicated  he  was  sensitive 
to  numerous  foods,  inhalants,  pollens  and  tobacco.  A  diet  omitting  the  incriminat- 
ing foods,  removal  of  the  offending  inhalants  and  immunization  to  the  grasses,  which 
were  responsible  for  his  hay  fever,  brought  about  complete  relief  of  his  nasal  symp- 
toms, disappearance  of  the  gastro-intestinal  symptoms  as  well  as  the  tachycardia. 
The  only  remaining  symptom  was  slight  precordial  distress  after  exertion  and  eating. 
A  re-examination  of  his  diet  disclosed  that  he  was  allowed  to  eat  wheat  and  coffee 
to  which  he  showed  slight  reactions.  These  were  omitted  and  the  distress  after 
eating  and  on  exertion  disappeared.  For  the  past  two  years  while  under  observation 
he  has  been  free  of  all  untoward  disturbances. 

Comment.  A  43  year  old  male  with  an  allergic  family  background  was  first  seen 
in  1939.  He  had  an  episode  of  angina  pectoris  with  electrocardiographic  evidence  of 
coronary  insufficiency  in  1938,  as  well  as  various  gastro-intestinal  symptoms  and 
tachycardia.  Study  disclosed  that  these  various  shock  tissues  were  influenced  by 
sensitivity  to  various  foods,  pollens  and  inhalants  including  tobacco.  There  was  a 
striking  affinity  between  these  various  allergens  and  the  specific  shock  organs.  With 
the  omission  of  smoking  the  cardiac  manifestations  of  angina  terminated.  P^xdu- 
/ion  of  offending  foods  led  to  the  disappearance  of  the  gastro-intestinal  symptoms 
and  of  the  few  remaining  possibly  "reflex"  cardiac  manifestations.  Immunization 
with  pollen  prevented  a  recurrence  of  his  haj'  fever. 

Bacterial  allergy.  Bronchial  asthma  with  pulmonary  infiltrations  due 
to  vascular  allergy. 

Case  4.  History  (Adm.  428216).  F.  H.,  female,  aged  21,  who  had  recurrent  at- 
tacks of  asthma  since  September  1934,  was  admitted  to  the  hospital  in  August  1938 
in  status  asthmaticus.  In  spite  of  seasonal  variations  in  her  attacks  corresponding  to 
the  pollinating  periods,  skin  tests  with  pollen  etc.  were  found  to  be  repeatedly  nega- 
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tive.  Associated  with  the  paroxysms  were  repeated  migratory  interstitial  pulmo- 
nary infiltrations,  sputum  eosinophilia,  marked  polyneucleosis  and  blood  eosinophilia 
up  to  54  per  cent.  With  each  acute  asthmatic  episode  there  appeared  electrocardio- 
graphic changes  indicative  of  abnormalities  in  the  deflections  and  amplitudes  of  the 
P  and  T  waves  as  well  as  the  QRS  complexes,  suggestive  of  myocardial  involvement. 
These,  however,  proved  to  be  reversible  in  character  returning  to  normal  with  the 
cessation  of  the  asthmatic  paroxysm.  In  the  course  of  one  of  these  attacks  an  acute 
pericarditis  with  constrictive  phenomena  supervened.  While  these  were  in  progress 
the  asthma  subsided.  With  the  termination  of  the  cardiovascular  symptoms  which 
were  present  for  almost  a  month,  the  patient  developed  an  attack  of  polyarthritis 
lasting  about  a  week.  Following  this  there  was  an  exacerbation  of  her  asthma  which 
slowly  yielded  to  symptomatic  therapy.  She  was  discharged  improved  December  24, 
1938,  and  readmitted  in  April  1939.  On  this  occasion  there  was  a  return  of  the  pul- 
monary infiltration  previously  noted,  and  in  addition  enlargement  of  corresponding 
hilar  and  parathracheal  Ij'mph  nodes  as  well  as  right  sided  pleural  exudate.  There 
was  again  evidence  of  abnormal  electrocardiographic  changes  in  the  P  waves,  QRS 
complexes  as  well  as  T  waves  in  all  leads.  X-ray  examination  of  the  sinuses  at  this 
time  still  showed  a  bilateral  antritis  and  ethmoiditis,  especially  on  the  right,  and  also 
involvement  of  the  sphenoid  sinus.  As  previously  observed,  with  the  disappearance 
of  this  attack  the  pulmonary  as  well  as  the  electrocardiographic  changes  returned  to 
normal. 

In  addition  to  sinus  washings  and  autogenous  vaccine  injections  she  received 
short-wave  treatment  to  her  chest  as  well  as  hyperthermia.  The  latter  aggravated 
the  asthma  as  well  as  the  temperature  causing  it  to  rise  to  103°F.  Whether  this  was 
symptomatic  of  phj'sical  allergy  was  a  question.  She  responded  to  adrenalin  by 
iontophoresis,  and  adrenalin  in  oil.  She  was  discharged,  only  to  return  after  several 
months  with  a  recurrent  attack. 

On  her  seventh  admission  in  April  1940  a  bilateral  Caldwell-Luc  operation  was 
performed  because  of  the  marked  purulent  sinusitis.  She  had  a  stormy  recovery 
and  finally  left  the  hospital  improved.  She  was  readmitted  for  the  eighth  time  in 
September  1940  with  another  attack  of  asthma.  Thick  pus  was  found  in  the  ethmoids 
and  sphenoids.  Because  of  an  extensive  purulent  nasal  discharge,  the  elevation  of 
the  temperature  to  104°F.,  and  the  presence  of  signs  of  meningeal  irritation  a  spheno- 
ethmoidectomy  was  done.  Shortly  thereafter  she  developed  an  aputrid  pulmonary 
abscess.  During  this  period  the  asthma  disappeared.  Sulfathiazole  was  adminis- 
tered and  after  three  weeks  the  lung  abscess  gradually  cleared  up.  She  was  well  for 
several  months  until  she  entered  the  Montefiore  Hospital  in  April  1941  because  of  the 
development  of  arthritis  associated  with  recurrent  reddish  papular  and  urticarial 
skin  eruptions.  Biopsy  of  one  of  the  papular  nodules  disclosed  perivascular  infil- 
trations with  eosinophiles.  The  electrocardiogram  which  had  returned  to  normal 
after  her  discharge  from  The  Mount  Sinai  Hospital  in  1940  was  still  unchanged  except 
for  tachycardia.  She  left  the  Montefiore  Hospital  in  July  1941  slightly  improved  only 
to  reenter  The  Mount  Sinai  Hospital  on  September  5,  1941  because  of  the  return  of  the 
joint  pains. 

Examination.  The  arthralgias  were  migratorj-  in  character  involving  the  hands, 
wrists,  elbows,  ankles  and  knees,  associated  with  periarticular  swellings  which  had  a 
mottled  pinkish  appearance.  The  palm  of  the  left  hand  which  was  enlarged  and 
puffy  was  studded  with  reddish  painful  subcutaneous  nodules.  The  skin  over  the 
extremities,  back,  umbilicus  and  genitalia  showed  numerous  maculopapules  on  an 
erythematous  base.  There  were  also  many  pea-sized  dark  red.  hard,  tender  and 
slightly  hemorrhagic  papules  on  the  dorsum  of  both  hands  and  along  the  bones  of 
the  forearm,  associated  with  diffuse  scaling  and  excoriations  on  the  back  of  the 
elbows  accompanied  by  psoriasiform  patches.    The  temperature  fluctuated  between 
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lOr  and  103°F.  The  white  bhiotl  cell  count  ranged  between  15,100  and  9,0(K)  per  cm. 
with  eosinopliiles  between  30  and  22  per  cent.  The  lungs  were  clear  and  no  cardiac 
abnormalities  were  detected  on  auscultation.  The  electrocardiogram,  however, 
taken  on  September  9,  1941  showed  low  To  and  T3  and  inverted  Tj.  The  latter  had 
been  upright  on  her  previous  admission.  Biopsy  of  one  of  the  papules,  which  un- 
fortunately was  not  sufficiently  extensive,  showed  subcutaneous  fat  tissue  with 
diffuse  acute  inflammation  and  eosinophilia  near  the  resected  edge. 

Course.  Within  a  period  of  two  weeks  the  arthritis  gradually  improv(!(i,  the  tem- 
perature recedeil  and  the  patient  was  discharged.  The  electrocardiograph  taken 
September  24,  1941  on  the  day  of  her  departure  showed  T2  and  'i\  returning  to  normal. 

Comincni.  A  young  woman  of  21  with  a  negative  family  history  for  allergy  had 
recurrent  attacks  of  asthma  for  about  seven  years.  The  severe  attacks  were  asso- 
ciated with  pulmonary  infiltrations,  pleural  effusions,  pericarditis,  polyarthritis, 
skin  eruptions,  subcutaneous  nodules  and  marked  eosinophilia.  While  the  electro- 
cardiographic changes  appeared  concurrently  with  the  asthmatic  attacks  and  re- 
turned to  normal  with  their  cessation  they  were  in  all  probability  not  dependent  on 
the  respiratory  anoxemia,  but  represented  a  phase  in  a  generalized  vascular  reaction 
evident  in  the  pericarditis  antl  suggested  in  the  biopsy  of  the  papular  urticaria 
which  showed  perivascular  infiltration  with  eosinophilia.  Further  proof  of  this 
independence  of  respiratory  anoxemia  lay  in  the  fact  that  on  her  last  admission, 
electrocardiographic  changes  similar  to  those  which  accompanied  her  asthmatic 
seizures  appeared  in  conjunction  with  the  attack  of  polyarthritis  and  these  likewise 
returned  to  normal  with  the  termination  of  the  arthritis.  The  arthritis  too  was  of  a 
peculiar  character  in  that  the  swellings  were  periarticular,  suggestive  of  an  edema 
due  to  disturbed  vascular  permeability  rather  than  to  involvement  of  a  joint.  This 
was  substantiated  bj'  x-ray  examinations  which  failed  to  show  any  abnormalities  in 
the  bony  structures. 

The  exciting  factor  responsible  in  the  precipitation  of  these  various  manifesta- 
tions, as  far  as  could  be  determined,  was  bacterial  allergy  derived  from  the  chroni- 
cally infected  sinuses  from  which  this  patient  suffered  for  many  years.  In  spite  of 
repeated  operative  procedures  on  her  sinuses  the  focus  of  infection  had  not  been 
completely  eradicated.  Thus  the  exacerbations  of  symptoms  in  her  numerous  shock 
organs  such  as  the  lungs,  cardiovascular  system,  skin  and  bone  marrow,  could  be 
attributed  to  the  continuous  absorption  of  foreign  proteins  and  toxins  from  her 
diseased  sinuses,  which  flared  up  with  each  recurrent  upper  respiratory  infection. 
In  a  series  of  cases  of  bronchial  asthma  recently  reported  by  the  writer  entitled 
"Vascular  Allergj',"  in  which  the  major  features  presented  by  this  case,  which  in- 
cidentally was  one  of  that  group,  were  practically  identical,  attacks  of  asthma  in 
two  of  the  patients  as  well  as  generalized  purpura  in  one  of  these  two,  were  precipi- 
tated by  the  injection  of  a  minute  quantity  of  vaccine  of  bacteria  recovered  from  the 
washings  of  the  infected  sinuses.  This  indicated  not  only  that  bacterial  allergy  was 
responsible  for  the  asthmatic  reaction,  but  also  that  the  capillary  vessels  were  highly 
sensitized.  The  marked  blood  eosinophilia  present  in  this  case  also  testified  to  the 
allergic  nature  of  the  vascular  manifestations.  The  shift  from  one  shock  tissue  to 
another  seen  in  the  varietj'  of  alternating  symptoms  presented  by  her  throughout  her 
illness  is  also  characteristic  of  allergic  diseases  as  well  as  reminiscent  of  the  protean 
manifestations  of  periarteritis  nodosa.  The  difference  between  the  simple  allergic 
reaction  and  periarteritis  nodosa  is  probably  dependent  upon  the  intensity  of  the 
vascular  response.  Whereas  the  histological  appearance  of  the  lesion  in  the  skin 
resulting  from  the  injection  of  a  single  allergen  such  as  ragweed,  is  characterized  by 
edema  and  perivascular  infiltrations  with  eosinophiles,  in  periarteritis  nodosa  the 
reaction  in  the  early  stages  may  be  similar  but  becomes  more  intense  and  progresses 
to  actual  productive  inflammation  of  the  vessel  walls.    That  such  a  reaction  may  be 
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attributed  to  superimposed  and  repeated  polyvalent  sensitization  by  various  agents 
in  which  in  all  probability  viruses,  bacteria,  inhalants  and  foods  as  well  as  the  in- 
herent hyperergic  state  of  the  tissues  play  complimentary  roles,  has  been  pointed  out 
by  the  writer  in  the  previous  publication  quoted  above.  In  two  of  the  patients 
contained  in  that  report  who  suffered  from  asthma  and  recurrent  pulmonary  infiltra- 
tions similar  to  those  seen  in  the  case  under  discussion,  the  transition  between  the 
simple  allergic  vascular  response  through  the  stage  of  eosinophilic  arteritis,  and 
periarteritis  nodosa  was  clearly  illustrated.  In  one  of  these  patients,  aged  11, 
microscopic  sections  of  the  lung  disclosed  eosinophilic  arteritis  of  the  pulmonary 
vessels  and  infiltrations  of  the  interalveolar  septums  with  eosinophiles,  lymphocytes 
and  polymorphonuclear  leucocytes  as  well  as  fibrosis.  The  rest  of  the  organs  showed 
widespread  periarteritis  nodosa.  The  exciting  factors  responsible  for  the  clinical 
manifestations  in  this  ca.se  proved  to  be  in  the  nature  of  polyvalent  sensitization  by 
pollens,  foods,  inhalants  and  bacteria.  In  the  other  patient,  aged  38,  in  whom  re- 
peated sinus  infection  proved  to  be  the  major  cause,  the  lungs  disclosed  thickening  of 
the  small  vessels.  Whether  this  represented  the  remains  of  allergic  inflammatory 
reaction  which  did  not  progress  to  periarteritis  nodosa  such  as  was  found  in  the 
vessels  of  the  heart  and  liver  of  this  case  is  a  matter  for  conjuncture.  Microscopic 
sections  of  a  biopsy  specimen  of  a  subcutaneous  nodule  removed  from  this  patient 
during  life,  showed  in  some  areas  perivascular  infiltrations  with  eosinophiles  similar 
to  those  found  in  the  urticarial  lesions  of  the  case  herewith  reported,  while  in  other 
fields  typical  periarteritis  nodosa  was  shown. 

DISCUSSION 

The  four  case.s  in  this  report  represent  allergic  individuals  who  de\'eloped 
vascular  disturbances  involving  capillaries,  veins  and  arteries.  The.se 
manifest  themselves  as  purpura,  in  the  first  case,  migrating  phlebitis  and 
thrombo-angiitis  obliterans  with  myocardial  involvement  in  the  second; 
coronary  artery  insufficiency  in  the  third;  coronary  artery  involvement 
associated  with  bronchial  asthma  and  recurrent  pulmonary  infiltrations  in 
the  fourth.  The  lesions  were  reversible  in  character  as  evidenced  by  the 
fact  that  following  removal  of  the  offending  agent  there  was  a  disappearance 
of  the  presenting  symptoms  and  a  restoration  to  the  normal  of  the  tissues 
involved,  with  the  exception  of  those  that  had  been  permanently  damaged 
prior  to  observation. 

The  exciting  agents  responsible  for  the  purpura  in  the  first  patient  was 
found  to  be  aspirin  used  for  the  relief  of  pain  due  to  the  tabetic  crises. 
The  period  of  23  years  required  for  the  development  of  sensitization  to  the 
drug  in  question  may  be  ascribed  to  two  facts:  first,  the  patient  was  non- 
atopic  and  consequently  was  sensitized  with  greater  difficulty  than  an 
atopic,  and  .second  to  the  poor  antigenicity  of  the  drug.  The  involvement 
of  the  capillaries  in  this  reaction  was  demonstrated  by  the  positive  toiu- 
niquet  test  indicative  of  capillary  fragility.  Since  it  is  rather  uncommon  to 
.see  purpiua  due  to  ingestion  of  aspirin,  although  salycilates  as  such  have 
been  seen  to  produce  purpura,  the  question  may  be  raised  whether  this 
effect  is  mereh'  the  result  of  aspirin  sensitization  alone,  the  synergistic 
effect  of  the  syphilitic  infection  plus  aspirin,  or  whether  the  toxins  of  the 
spirochaetae,  in  the  sense  of  Shwartzman,  "prepared"  the  capillaries  to  the 
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sensitizing  effoct  of  aspirin.  The  latter  would  imply  the  creation  of  a  shock 
organ  where  none  existed.  The  answer  to  this  last  question  may  be  ulti- 
mately found  if  the  patient  develops  vascular  syi)hilis  at  some  future  date. 

In  contrast  to  this  ca.se  is  the  .second,  an  atopic  individual  in  whom  heredi- 
tary influences  probably  played  a  significant  role  in  the  development  of  the 
numerous  shock  organs.  The  shock  tissue  affected  consisted  of  the  cardio- 
vascular system,  involvement  of  which  was  localized  to  the  extremities 
comprising  both  arteries  and  veins,  the  lungs  and  myocardium.  Whether 
the  toxins  of  bacteria  responsible  for  the  generalized  boils  which  this  patient 
had  in  1938,  served  as  an  additional  "preparatory"  factor  and  rendered  the 
cardiovascular  system  much  moie  vulnerable  to  the  allergenic  effect  of 
tobacco  cannot  be  excluded. 

Polyvalent  sensitivity  characteristic  of  the  constitutionally  allergic  per- 
son was  indicated  by  the  numerous  positive  skin  reactions  to  foods,  inhal- 
ants, pollens  and  tobacco  which  this  patient  presented.  That  tobacco 
was  incriminated  in  the  develojiment  of  the  vascular  manifestations  was 
proven  by  the  arrest  in  the  symptoms  following  its  withdrawal  and  by  the 
elicitation  of  phlebitic  involvement  on  two  different  occasions  following 
injection  of  tobacco  extract  intradermally.  Such  a  .sequence  of  events  is 
uncommon  unless  the  patient  is  highly  .sensitive  to  tobacco.  A  similar 
response  was  noted  in  one  other  patient  with  thrombo-angiitis  obliterans 
after  repeated  administration  of  tobacco  extract  subcutaneou.sly.  This 
patient,  free  of  all  manifestations  for  two  years,  developed  a  generalized 
eczematous  reaction  a.ssociated  with  .symptoms  of  thrombo-angiitis  oblit- 
erans after  the  fifteenth  injection. 

In  the  third  patient  also  an  atopic  individual  the  characteristic  poly- 
valent sensitization  and  multiple  shock  tissues  were  again  evident.  The 
former  was  apparent  in  the  multiple  skin  reactions  to  foods,  inhalants 
pollens  and  tobacco,  the  latter  in  the  .symptoms  referable  to  the  no.se, 
gastro-intestinal  and  cardiovascular  system.  In  the  light  of  our  thesis 
that  the  vascular  system  is  probably  the  basic  shock  ti.ssues  implicated  in 
the  allergic  response,  these  various  manifestations  indicate  active  sensi- 
tization of  the  ve.ssels  supplying  the  respective  structures,  rather  than  iso- 
lated organ  involvement.  The  relative  affinity  between  tobacco  and  the 
cardiovascular  system  is  again  illustrated  in  this  patient  by  the  disappear- 
ance of  the  angina  pectoris  and  electrocardiographic  deviations  following 
the  suspension  of  smoking.  The  amelioration  of  the  residual  precordial 
discomfort  as  a  result  of  omi.ssion  of  wheat  and  potatoes  is  also  significant. 
While  distention  of  the  stomach  which  this  patient  experienced  after  eating 
these  foods  may  have  contributed  in  a  mechanical  way  to  the  precordial 
distress,  such  a  distention  does  not  occur  in  normal  non-sensitive  indi- 
viduals, unless  they  are  sensitive  to  wheat  or  potatoes.  Although  the 
question  as  to  whether  the  wheat  or  potatoes  were  responsible  for  the  pre- 
cordial symptoms  through  their  direct  effect  upon  the  vessels  of  the  heart 
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or  indirectly  by  way  of  distention  of  the  stomach,  or  both,  cannot  be 
proven,  the  indication  for  the  removal  of  the  offending  protein  presents  no 
controversial  issue. 

The  fourth  and  last  case  serves  as  an  illustration  of  a  patient  with,  asthma 
in  whom  the  existence  of  atopj^  could  not  be  established,  yet  the  presenting 
symptoms  and  the  marked  eosinophile  count  left  little  doubt  as  to  the 
allergic  nature  of  the  disease.  Bacterial  products  arising  from  the  sinus 
infection  were  probabh"  responsible  for  the  state  of  hypersensitiveness. 
Polj'valent  or  synergistic  sensitization  in  this  instance  was  attributed  to 
recurrent  upper  respiratory  infections  caused  hy  a  variety  of  micro-organ- 
isms probably  including  viruses,  throughout  the  seven  years  or  more  of 
her  illness.  These  superimposed  infections  increased  her  hyperergic  state 
because  of  her  inability  to  achieve  immunity.  They  were  also  responsible 
for  the  creation  of  the  multiple  shock  organs  in  contrast  to  the  atopic  indi- 
vidual in  whom  hereditary  influences  play  the  determining  role.  The 
mechanism  involved  in  the  development  of  these  shock  tissues  was  prob- 
ably similar  to  that  operative  in  the  Shwartzman  phenomenon  in  which 
bacterial  toxins  "prepare"  the  vessels  for  subsequent  attack  by  endogenous 
or  exogenous  bacterial  infection.  While  the  disease  manifestations  were 
apparently  localized  in  different  organs,  the  underlying  participation  of 
the  vascular  system  was  clearh'  evident  in  the  pericarditis  and  pleuritis 
which,  according  to  Eppinger  represent  disease  of  the  capillaries  of  the 
serous  membranes,  the  electrocardiographic  changes,  the  periarticular 
swelling  and  the  papular  urticaria  which  showed  perivascular  eosinophihc 
infiltrations. 

The  repeated  exacerbations  of  this  vascular  .syndrome  followed  by 
reco\'ery  of  the  patient  during  the  past  seven  years,  indicates  that  bac- 
terial allergy  similar  to  allergy  to  non-li\  ing  proteins  may  also  be  reversible, 
depending  upon  individual  resistance.  In  some  of  the  cases  reported  by 
me  (12)  and  one  recently  observed,  having  .symptoms  identical  with  those 
presented  by  this  case,  the  hyperergic  vascular  reaction  became  irreversible 
within  a  period  of  two  to  three  years  progressing  to  periarteritis  nodosa 
seriously  involving  the  heart  in  one  instance  and  the  kidneys  in  another, 
followed  by  a  rapid  exitus.  Whether  the  hyperergic  process  in  this  case  will 
become  arrested  or  progressive  will  be  the  subject  of  a  future  report. 

SUMMARY 

1.  Four  cases  presenting  cardiovascular  involvement  in  which  capil- 
laries, veins  and  arteries  participated,  are  reported. 

2.  Constitutional  allergy  or  atopy  were  present  in  three  of  the  four 
patients. 

3.  The  exciting  agents  proved  to  be  drugs,  tobacco,  pollen,  foods  and 
bacteria. 
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The  \  aiious  manifestations  are  regarded  as  the  expression  of  vascular 
allergy. 
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THE  EFFECT  OF  ROENTGEN  THERAPY  IN  PRIMARY  CANCER 

OF  THE  BREAST 


WILLIAM  HARRIS,  M.D. 
[From  the  Department  of  Radiotherapy,  The  Mount  Sinai  Hospital] 

Sporadic  attempts  have  been  made  for  many  years  to  treat  primaiy 
cancer  of  the  breast  by  roentgen  therapy.  It  is  only  recently,  since  the 
better  definition  of  cancericidal  dosage  and  since  the  introduction  of  the 
principle  of  protracted  fractionization  of  the  therapy  (Coutard),  that  more 
serious  efforts  have  been  made  to  ascertain  the  value  of  preoperative  radia- 
tion therapy  in  this  disease.  Statistical  data  on  large  numbers  of  patients 
with  breast  cancer  treated  by  surgery  alone  or  with  postoperative  radiation 
therapy  are  now  available.  It  is  obvious  that  the  results  are  not  satis- 
factory. In  studying  end  results  from  surgery  the  fact  is  often  overlooked 
that  the  reports  include  onh^  operable  cases,  which  constitute  about  50  to 
60  per  cent  of  the  material  in  general  hospital  practice  (Keynes  (1),  Wintz 
(2)).  Review  of  124  consecutive  patients  from  two  of  the  author's  clinics, 
from  1935  to  1938,  showed  a  42  per  cent  operability  rate  (Table  I). 

EVALUATIOX  OF  MATERIAL 

Operability  is  determined  by  the  anatomical  extent  of  the  disease  or  by 
the  presence  or  absence  of  complicating  organic  disease  or  by  both.  The 
terms  "clinically  operable,"  "technically  operable,"  and  "inoperable,"  used 
by  Heyman  (3)  in  his  study  of  corpus  carcinoma,  may  be  employed  to  good 
advantage  in  classifying  breast  cancer.  "Clinically  operable"  refei-s  to 
patients  with,  operable  tumors  and  no  organic  contraindication  to  radical 
.surgery.  "Technically  operable"  refers  to  patients  with  operable  tumors 
in  whom  surgery  would  be  dangerous  on  account  of  complicating  organic 
disease.  "Inoperable"  refers  to  patients  with  disease  too  extensive  for  com- 
plete removal,  or  with  remote  metastases  beyond  the  axilla  (Table  I).  Al- 
though mortalitj^  following  the  so-called  radical  operation  for  cancer  of  the 
breast  is  low,  in  many  instances  organic  disease,  especially  in  the  aged, 
causes  death  much  sooner  than  the  slow-growing  tumoi-s  so  often  found  in 
these  patients.  In  this  latter  group,  no  treatment,  or  only  conservative 
treatment,  is  indicated. 

There  is  still  a  lack  of  unanimity  as  to  what  is  meant  by  operability 
among  surgeons.  Harrington  (4),  for  instance,  includes  patients  with 
encuirrasse  nodules,  or  unilateral  supraclavicular  nodes,  as  operable;  pa- 
tients with  distant  metastases  are  also  occasionally  operated.  In  general, 
however,  the  presence  of  such  deposits  is  considered  a  sign  of  incurability 
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and  radical  surgery  is  not  porformcd.  In  fact,  many  surgeons  consider 
bulky  tumors,  wide  skin  adherence,  inflammatory  cancer,  cancer  in  the 
pregnant  and  the  presence  of  large  fixed  axillary  nodes  as  clinical  signs  of 
incurability  e^•(•n  when  grossly  removable.  A  distinction  must  be  made 
between  surgically  operable  and  surgically  cural)le.  Such  variations  in  the 
criteria  for  operability ,  the  lack  of  statistics  for  absolute  five-year  cure  rates, 
where  the  entire  material  was  not  consideied,  and  controversial  pathological 
diagnoses,  all  tended  to  give  one  a  distorted  picture  of  the  results  of  surgery 
for  cancer  of  the  breast.  This  was  especially  true  of  the  literature  up  to  ten 
years  ago.  The  problem  in  recent  years  has  been  complicated  in  many  in- 
stances by  the  addition  of  postoperative  or  so-called  prophylactic  radiation 
therapy. 

There  is  a  uniformity  of  opinion  regarding  the  better  prognosis  and  cur- 
ability by  surgery  where  the  axillary  nodes  are  not  involved.  This  favor- 
able group  constitutes  about  32  per  cent  of  the  operable  cases  and  about 


TABLE  I 

Operability  of  124  consecutive  mammary  cancers 


NUMBER 

PER  CENT 

1. 

Clinically  operable  

51 

42 

2. 

Technicallv  operable*  

16 

13 

3. 

Inoperable  

57 

45 

124 

100 

*  Complicated  by  severe  organic  disease. 

Note:  68  of  the  above  patients  are  from  the  Tumor  Clinic,  Morrisania  Hospital, 
Bronx,  New  York. 


20  per  cent  of  the  entire  material.  The  five-year  cure  rate  from  radical 
mastectomy  in  this  grou])  is  70  per  cent.  Eighty  per  cent  of  the  patients, 
when  all  cases  are  included,  have  axillary  involvement,  and  if  the  radical 
operation  is  performed  on  the  operable  patients  in  this  group,  most  of  the 
reports  record  a  20  per  cent  five-year  survival. 

The  surgical  t%>chni(}ue  for  radical  mastectomy  introduced  by  Halsted 
and  Meyer  for  the  radical  removal  of  the  breast  and  the  axillary  contents 
has  not  materially  improved  since  its  inception.  Lacking  a  specific  cure 
for  cancer,  it  would  seem  natural  to  look  for  improvement  in  our  results  bj' 
the  use  of  other  methods.  Xo  one  will  deny  that  earlier  operations  before 
there  is  extension  to  the  axillary  nodes  offer  a  fruitful  field  for  improve- 
ment. Some  benefit  will  be  derived  undoubtedly  from  the  anti-cancer 
campaigns  which  are  doing  such  splendid  work  along  these  lines.  How- 
ever, the  layman's  procrastination,  modesty  and  fear  of  the  possibility  of 
cancer,  and  occasionally  the  physician's  attitude  of  watchful  waiting  or 
misguided  dismissal  of  lumps  in  the  breast,  have  been  an  obstacle  to  early 
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diagnosis  and  successful  treatment.  The  removal  and  examination  of 
every  suspicious  breast  lump  is  still  the  best  teaching  for  general  use  and,  if 
practised  universally,  would  definitely  improve  our  results. 

Dissatisfaction  with  radical  mastectomy  for  operable  cancer  of  the 
breast  has  been  expressed  by  many  sui-geons,  including  Keynes,  Souttar 
(5),  Fitzwdlliams  (6),  Wintz,  etc.  Others,  including  the  late  Drs.  Lee  (7) 
and  Bloodgood  (8),  and  recently  Adair  (9),  have  used  preoperative  ir- 
radiation, while  some  advised  simple  mastectomy  with  irradiation  of  the 
axillary  contents  (Grace  (10)).  Similarly,  certain  members  of  the  surgical 
staff  of  The  IVIount  Sinai  Hospital  expressed  dissatisfaction  with  the  results 

TABLE  II 
Physical  factors 

K.V. 

180-200 


Portals 


Dose  per  port 


Daily  dose 

Treatment  time 
"r,"  international,  measured  in  air. 

from  surger.y  and  agreed  to  study  the  effects  of  preoperative  roentgen 
therapy. 

This  study  was  carried  out  for  a  pei-iod  of  five  years  (between  1935  and 
1940)  on  75  cases  of  operable  cancer  of  the  female  breast  with  the  aim  of 
determining  the  effect  of  intensive  fractionated  roentgen  therapy  on  the 
primary  tumor  in  the  breast  and  the  axillary  lymph  nodes.  All  cases  in 
this  group  showed  definite  clinical  evidence  of  cancer  in  the  breast  and 
positive  aspiration  biopsies.  Roentgen  therapy  was  directed  mainly  to  the 
breast  and  axillary  contents ;  no  attempt  was  made  to  irradiate  the  thoracic 
cage,  in  fact  great  care  was  exercised  by  the  use  of  tangential  irradiation  to 
avoid  exposure  to  the  pleura  and  lungs.    The  ph3'sical  factors  used  in  the 
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roentgen  therapy  are  shown  in  Table  II.  The  estimated  tissue  dose  to  the 
primary  tumor  in  the  breast  varied  from  4,000  "r"  to  7,000  "r";  the  mini- 
mum tissue  dose  to  the  axilla  was  2,600  "r". 

CLINICAL  CONSIDERATIONS 

The  usual  roentgen  dermatitis  occurred  about  three  weeks  after  onset  of 
treatment  and  healed  about  two  to  three  weeks  after  completion  of  therapy. 
Shrinkage  of  the  primary  tumor  occurred  in  over  60  per  cent  of  the  jjatients, 
in  some  going  on  to  complete  clinical  disappearance.  Ho\\ever,  in  most  of 
these  cases  regrowth  was  apparent  usually  four  to  six  months  later,  thus 
indicating  only  partial  sterilization  of  tumor  or  temporary  restraint  of 
growth.  The  axillary  nodes  failed  to  show  similar  striking  diminution  in 
size.  There  were  regressive  changes  in  about  50  per  cent  of  the  cases;  most 
of  these  were  probably  inflammatory.  The  presence  of  cancer  in  the 
axillary  nodes  was  proven  only  in  a  small  percentage  of  the  more  advanced 
cases  with  large  deposits.  The  intei  val  between  completion  of  ladiation 
therapy  and  mastectomy  varied  considerably.    The  minimum  interval  was 


TABLE  III 

Pathological  findings  in  seventy-five  -irradiated  cancers  of  the  breast 
followed  by  mastectomy 


NUMBER 

PER  CENT 

\o  cancer  in  breast  and  axilla  

9 

12.7 

Xo  cancer  in  breast,  axilla  positive  

1 

1.3 

18 

24 

Cancer  found  in  breast  and  axilla  

47 

62 

-ix  weeks,  the  maximum  two  years.  The  longer  interval  occurred  in  eases 
of  borderline  curability,  or  where  ulceration  was  considered  imminent. 

Radical  mastectomy  was  performed  in  all  but  four  instances.  In  the 
latter  simple  mastectomies  and  axillary  biopsies  were  done.  Satisfactory 
healing  following  mastectomy  occurred  in  most  cases.  This  was  due  to  the 
fact  that  the  irradiation  was  planned  so  as  not  to  cro.s.s-fire  the  lines  of 
incision.    There  were  no  cases  of  pleuro-pulmonitis. 

PATHOLOGICAL  FINDINGS 

The  gross  appearance  of  some  of  the  excised  breasts,  especialh'  the 
sterilized  ones,  failed  to  show  marked  changes;  others  showed  gross  fibrosis 
and  distortion,  especially  if  the  interval  between  radiotherapy  and  surgery 
had  been  of  long  duration.  Microscopic  examination  revealed  hyaliniza- 
tion,  calcification  and  marked  fibrosis  in  some  of  the  breasts  and,  to  a  lesser 
degree,  in  the  axillary  lymi^h  nodes.  The  site  of  the  center  of  the  original 
tumor  showed  these  radiation  changes  most  strikingly.  In  many  cases 
only  peripheral  islands  of  a  few  cancer  cells  could  l)e  found.    In  evaluating 
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these  findings,  the  presence  of  an}'  cancer  cells,  regardless  of  number  or 
arrangement,  was  considered  an  unsterilized  case.  Xo  attempt  at  grading 
radiation  changes  was  made.  Cases  reported  as  suspicious  of  cancer  were 
also  classified  as  failures  to  eradicate  the  disease.  We  know  of  no  accurate 
method  at  present  of  distinguishing  between  viable  and  non-viable  cancer 
cells  as  found  in  these  sections.  The  pathological  findings  in  the  cases 
studied  are  shown  in  Table  III.^ 

COMMENT 

The  sterilization  of  only  13  per  cent  of  the  breast  tumors  challenges  the 
advocates  for  the  use  of  roentgen  therapy  as  the  only  form  of  treatment  for 
operable  breast  cancer.  Roentgen  therapy  as  it  is  administered  today 
cannot  compete  even  A\-ith  simple  mastectomy  where  at  least  all  of  the 
primary  tumor  can  be  remo\  ed. 

The  finding  of  63  per  cent  involved  lymph  nodes  indicates  our  inability  to 
sterilize  axillary  deposits.  Some  superficial  nodes  showed  p)eripheral 
segmental  scai-s,  indicating  that  cancer  had  been  present  but  had  been 
destroj'ed.  Deeper  lymph  nodes  and  in  some  cases  adjacent  ones,  .showed 
cancer.  The  odd  shape  of  the  axilla  presents  certain  technical  problems 
which  may  be  overcome  by  newer  radiological  methods.  Proponents  for 
the  questionable  idea  that  it  is  safer  to  remove  the  more  quiescent  irradiated 
tumor  must  balance  this  point  of  view  with  the  real  mortal  danger  of  delay 
that  a  program  of  preoperative  roentgen  therapy  necessitates. 

Patients  seldom  die  because  of  the  presence  of  a  tumor  in  the  breast. 
Metastatic  deposits  kill  the  patient.  To  combat  this  our  best  plan  for  the 
present  is  immediate  radical  mastectomy  in  properly  chosen  cases. 

There  is  ample  clinical  and  pathological  evidence  that  radiation  therapy 
causes  growth  restraint  in  primary  cancer  of  the  breast.  A  small  percent- 
age of  breast  cancers  can  be  sterilized  by  radiation  therapy  but  this  cannot 
be  favorably  compared  with  the  results  of  radical  mastectomy  in  operable 
cancer  of  the  breast.  The  indications  for  the  use  of  roentgen  therapy, 
therefore,  limit  themselves  to  the  inoperable  cases,  to  tho.se  showing  met- 
astases beyond  the  axilla,  and  as  a  so-called  "prophylactic  postoperative" 
agent.  Inflammatory  cancer  and  cancer  in  pregnant  patients  have  been 
shown  to  do  badly  with  surgery.  Radiation  therapy  will  not  cure  these 
patients  but  the  palliative  effect  is  greater  and  the  mutilation  of  surgeiy  is 
avoided. 

CONCLUSIONS 

Seventy-five  patients  with  pro^■en  cancer  of  the  breast  received  intensive 
preoperative  roentgen  therapy. 

Pathological  studies  after  mastectomy  showed  13  per  cent  steriUzation 

>  A  more  detailed  report  on  these  findings,  correlated  with  the  actual  dosage  de- 
livered to  the  tumor,  will  be  published  later. 
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of  the  primary  tumor  in  tlio  breast.  The  finding  of  63  p(M-  cent  involved 
axillary  nodes  in  operal)le  material  indicates  that  no  eancerolytic  action 
occurred  in  these  deposits.  In  view  of  tliese  findings  radical  mastectomy 
should  be  recommended  as  tlie  treatment  of  choice  in  operable  cancer  of 
the  biea.<t  \\-ithout  th(>  dehi>-  and  questionable  benefit  of  preoperati\e 
roentgen  therapy. 
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TINSLEY  R.  HARRISON,  M.D. 

[From  the  Department  of  Medicine  of  The  Bowman  Gray  School  of  Medicine  of  Wake 
Forest  College,  Winston-Salem,  Xorth  Carolina] 

Since  Dr.  Oppenheimer  has  long  been  recognized  as  one  of  the  leaders 
in  the  development  of  our  modern  concepts  of  cerebral  vascular  disorders, 
it  is  a  pleasure  to  write  for  his  Anniversary  Volume  an  article  dealing  with 
a  subject  of  particular  interest  to  him. 

There  are  several  disorders  in  which  at  one  time  or  another  the  patient 
suffers  from  a  temporary  disparity  of  oxygen  to  the  brain.  Since  knowl- 
edge about  the  causation  of  these  sj'ndromes  is  still  decidedly  incomplete 
it  is  in  order  that  these  conditions  be  approached  with  humility  rather  than 
with  dogmatism.  The  discussion  to  follow  must,  therefore,  be  regarded  as 
representing  a  tentative  point  of  view  which  will  need  to  be  modified  as 
further  and  more  accurate  information  becomes  available.  Due  recogni- 
tion must  be  given  to  the  fact  that  the  physiological  approach  to  these 
sj'ndromes  is  intended  not  to  supplant  but  only  to  complete  the  more  usual 
etiologic  and  pathologic  viewpoint.  The  generic  phrase  "cerebral  vascular 
episode"  used  to  embrace  the  entire  group  of  disorders,  and  the  other  terms 
applied  to  the  several  different  syndromes  are  purely  descriptive.  They 
are  used  as  a  matter  of  convenience  rather  than  on  the  basis  of  any  struc- 
tural change  in  the  body. 

Regardless  of  the  underlying  disease  process  the  cerebral  vascular  episode 
lasts  for  minutes,  hours,  or  at  most  for  a  day  or  two.  Hence,  it  needs  to 
be  sharply  differentiated  from  the  cerebral  vascular  accident  (due  to  hemor- 
rhage, thrombosis  or  embolism)  in  which  the  .symptoms  are  of  longer  dura- 
tion. Since  almost  any  part  of  the  central  ner^•ous  sj-stem  may  suffer  for 
one  reason  or  another  from  a  sudden  diminution  in  blood  supply,  it  is  not 
surprising  that  very  variable  and  at  times  puzzling  features  may  occur. 
One  can  often  differentiate  the  syndromes  observed  into  two  groups,  ac- 
cording to  whether  the  manifestations  are  mainly  general,  i.e.,  dependent 
on  a  diminution  in  the  blood  supply  to  all  parts  of  the  brain,  or  predomi- 
nantly/oca^,  i.e.,  referable  to  a  circulatory  disturbance  in  some  part  of  the 
brain.  The  important  features  of  the  first  group  are  weakness,  apathy, 
stupor,  unconsciousness,  generalized  convulsions  and  delirium.  Among  the 
very  variable  focal  phenomena  which  may  occur  are  disturbed  motor  func- 
tion, as  manifested  by  paralysis,  convulsions  or  aphasia;  disorders  of 
somatic  sensation,  as  numbness,  tingling  and  other  parathesias;  and  dis- 
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tiirbancos  of  the  special  senses,  especially  of  vision  and  hearing.  The 
attacks  are  commonly  accompanied  by  alterations  in  lilood  pressure,  dis- 
orders of  respiration,  changes  in  the  pulse  rate,  and  less  frequenth-  l)v 
abnormalities  of  the  rhythm  of  the  heart.  The  imj^ortant  point  as  regards 
differential  diagnosis  is  that  the  disturbance  is  sudden  and  of  relatively 
short  duration,  lasting  at  most  a  day  or  two,  and  frequently  for  a  much 
shorter  time. 

Cerebral  vascular  episodes  occur  in  di\  erse  diseases  and  may  be  Ijrought 
about  by  several  different  fundamental  mechanisms.  A  classification 
ba.^ed  on  the  tyi)e  of  underlying  physiological  disturl)ance  is  shown  in 
Table  1 .  This  tabulation  is  not  intended  to  be  all-inclusive  but  embraces 
only  those  disorders  with  which  I  am  familiar  from  personal  experience. 
Doubtlessly  there  are  other  .\viidromes  which  fall  into  this  general  group. 
In  the  following  discussion  emphasis  will  be  placed  chiefly  on  those  syn- 
dromes which  are  most  frequently  misunderstood  and  incorrectly 
diagnosed. 

1)  Decrease  in  blood  supply  to  the  brain  associated  with  a  general  diminu- 
tion in  circxdation  to  the  body  tissues  in  general.  {Acute  circulatory  failure.) 
In  this  group  are  included  all  the  conditions  which  may  produce  the  syn- 
drome of  circulatorj-  collap.se.    These  may  be: 

(a)  Hematogenic:  as  the  result  of  a  decline  in  blood  volume  brought 
about  by  internal  or  external  hemorrhage,  by  trauma,  by  dehydration  from 
vomiting,  diarrhea,  excessive  sweating  or  burns. 

(b)  Neurogenic:  as  in  simple  fainting,  carotid  sinus  syncope,  or  due  to 
the  induction  of  spinal  anesthesia;  or 

(c)  Cardiogenic:  as  the  result  of  either  sudden  extreme  changes  in  the 
heart  rate,  or  of  acute  damage  to  the  cardiac  musculature. 

The  subjects  ^vith  acute  circi^tory  failure  exhibit  the  manifestations 
of  circulatory  collapse,  i.e.,  ashen  pallor,  clammy  .skin,  marked  tachycardia 
(or  more  rarely,  bradycardia)  and  usually  a  decline  in  the  blood  pre.s.sure, 
particularly  in  the  pulse  pressure.  In  the  hemorrhagic  and  neurogenic 
types  the  veins  are  empty;  in  the  cardiogenic  type  they  are  apt  to  be  over- 
distended.  The  cerebral  manifestations  consist  only  of  apathy  in  the 
milder  cases  but  in  severer  instances  stupor,  coma  or  delirium  may  be  ob- 
served. Focal  manifestations  are  usually  absent  in  the  cases  which  fall 
into  this  general  group. 

Special  mention  may  be  made  of  carotid  sinus  syncope,  a  .s\-ndrome 
once  regarded  as  rare  but  now  recognized  as  rclativeh^  common.  Weiss 
and  Baker  (1)  pointed  out  in  their  original  description  of  this  sj^mptom- 
comi)lex  that  it  consists  of  attacks  of  faintness  or  actual  .syncope,  with  or 
without  convulsions  as  the  result  of  hypersensibility  of  the  terminals  of 
the  carotid  sinus  nerve  (Hering's  nerve),  which  arises  in  the  carotid  artery 
just  proximal  to  its  bifurcation,  joins  the  glassopharvngeal  nerve  and,  pa.ss- 
ing  to  the  Ijrain  stem,  exercises  a  powerful  reflex  effect  on  the  medullar}- 
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vegotative  contors.  The  symptoms  api)oar  to  bo  brought  about  cithcM-  by 
vagal  inhibition  of  the  heart,  by  sudden  marked  lowering  of  the  l)lood 
pressure,  or  less  commonly,  by  reflex  effects  on  the  brain.  In  some  of  the 
reported  cases  tumors  of  the  carotid  body  or  onlarg(>d  cereljral  lymph 
nodes  have  been  responsible  for  thes(>  seizunvs.  The  attacks  have  some- 
times been  induced  by  changes  of  posture  or  by  simply  turning  the  head. 
This  syndrome  has  been  confused  in  the  past  with  other  conditions,  i)ar- 
ticularly  with  idiopathic  epilepsy.  Its  recognition  is  important  because 
it  can  usually  be  helped  by  dmgs  and  can  sometimes  be  cured  by  denerva- 
tion of  the  affected  carotid  sinus.  The  cardinal  diagnostic  feature  is  that 
the  exact  clinical  picture  which  occurs  in  the  spontaneous  attacks  can  be 
induced  at  will  by  pressure  on  one  or  the  other  carotid  sinus. 

In  patients  with  circulatory  collapse  due  to  any  cause  the  type  and  ex- 
tent of  the  cerebral  manifestations  dep(>nd  on  three  factors:  1)  the  sudden- 
ness of  the  onset,  other  things  being  eciual,  the  cerebral  manifestations 
are  more  outspoken  when  the  collap.se  is  of  sudden  on.set;  2)  the  severity 
of  the  collap.se,  and  finally  3)  on  the  preexisting  slate  of  the  cerebral  vessels. 
The  latter  point  is  of  particular  importance,  for  the  patients  with  latent 
and  asymptomatic  arteriosclerosis  of  the  brain  may  develop  well  marked 
cerebral  symptoms  with  general  circulatory  disturbances  which  are  so 
slight  as  to  produce  no  manifestations  in  young  persons  free  of  cerebral 
arteriosclerosis. 

In  the  treatment  of  the  cerebral  disturbances  common  to  tliis  gioup  of 
disorders  proper  attention  to  the  underlying  disturbance  is  of  prime  im- 
portance. Thus,  in  the  hematogenic  type  of  collapse  control  of  hemor- 
rhage, if  present,  tran.sfusion  and  the  administration  of  fluids  arc  indicated. 
\'asoconstrictor  dmgs  may  be  of  value  in  the  neurogenic  type.  Atropine, 
epinephrine  and  ephedrine  are  helpful  in  certain  patients  with  cai"otid 
-inus  syncope.  Collapse  of  cardiogenic  origin  is  also  frequently  benefited 
l)y  drugs  such  as  digitalis  (in  paroxysmal  auricular  tachycardia),  quinidine 
(in  paroxysmal  ventricular  tachycardia),  epinephrine^  and  barium  chloride 
(in  the  Adam.s-Stokes  syndrome).  Symptomatic  th(>rapy  alone  without 
a  clear  recognition  of  the  nature  of  the  disturbance  responsible  for  the 
cerebral  symptoms  will  usually  end  in  failure. 

2)  Decrease  in  blood  supply  to  the  brain  only.  Persons  suffering  from 
hypertension  are  particularly  predispo-sed  to  cerebral  vascular  epi.sodes. 
Aside  fiom  the  group  of  disorders  mentioned  above,  which  may  occur  in 
hypertensive  as  well  as  non-hypertensive  sul)jects,  there  are  three  .syn- 
dromes which  appear  almost  exclusively  in  individuals  with  elevated  blood 
pressure.  One  of  these,  which  has  been  described  and  called  "acute  relative 
hypotension"  by  Stieglitz  (2),  is  do.sely  allied  to  the  disturbances  char- 
acterized by  circulatory  collapse.  When  for  any  reason  a  patient  with 
elevated  blood  (jressure  and  cerebral  arteriosclerosis  develops  a  sudden 
decline  in  blood  pressure  either  from  vasodilator  drugs,  from  one  of  the 
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disorders  already  discussed,  or  for  no  apparent  reason,  the  patient  may 
exhibit  the  cerebral  symptoms  of  hypotension  even  though  the  blood 
pressure  Ls  still  above  the  normal  level.  Depending  on  the  extent  of 
the  cerebral  vascular  disease  the  symptoms  may  be  either  of  the  general  or 
of  the  focal  type.  A  knowledge  of  the  previous  level  of  the  blood  pressure 
prior  to  the  attack  is  of  importance  here  in  differentiating  this  condition 
from  the  ''cerebral  vascular  crisis^'  [Pal  (3)],  which  also  occurs  in  persons 
with  hypertension.  In  attacks  of  the  latter  type  the  blood  pressure  rises 
above  its  usual  value  and  the  patient  experiences  either  general  symptoms 
such  as  headache  and  prostration,  or  focal  manifestations  which  may  be  of 
the  most  varied  types.  Transient  monoplegias  or  hemiplegias,  lasting 
only  a  few  hours  and  often  accompanied  by  lo.ss  of  consciousness,  as  well 
as  convulsions,  parathesia,  amaurosis,  deafness  or  aphasia  may  occur. 
When  seen  shorth'  after  the  onset,  patients  with  this  condition  are  often 
erroneously  considei-ed  as  having  apoplexy  by  the  physician,  whose  pleasure 
at  the  rapid  recovery  Ls  likeh'  to  be  tempered  by  embarrassment  at  the 
inaccuracy'  of  his  prognostication.  Since  it  is  frequently  impossible  to 
differentiate  these  seizures  from  true  apoplexy  in  the  beginning  it  is  wisest 
to  withhold  a  positive  opinion  for  a  day  or  two  in  such  instances. 

Attacks  of  this  nature,  but  involving  the  spinal  cord  rather  than  the 
brain,  do  not  seem  to  have  been  described  in  the  literature.  I  have  recently 
seen  a  patient  (case  4  below)  who  had  attacks  of  paraplegia  associated  with 
a  temporary^  rise  in  blood  pressure  which  disappeared  after  a  few  minutes. 
Between  the  seizures  neurological  examination  revealed  no  abnormalities. 
This  condition  might  be  termed  hypertensive  myelopathy. 

The  attacks  of  cerebral  vascular  crisis  [also  called  "chronic  pseudo- 
uremia"  by  Volhard  (4),  and  by  Becher  (5)]  are  best  prevented  by  sedative 
drugs,  the  barbiturates  in  repeated  small  doses  being  especialh'  useful. 
Venesection  sometimes  promptly  relieves  an  attack  and  also  appears  to  be 
of  prophylactic  value.  It  is  most  important  to  treat  the  congestive  heart 
failure  which  so  often  coexists.  Drastic  restriction  of  fluids  to  700  cc.  or 
less  daily  and  of  sodium  chloride,  as  practiced  in  Volhard's  clinic,  is  be- 
lieved by  Becher  to  be  of  great  value.  The  same  author  urges  the  use  of 
diuretics  even  in  the  absence  of  cardiac  failure  or  of  edema.  Vasodilator 
drugs,  particularly  sodium  nitrite,  pilocarpin,  papaverin  and  various 
xanthine  derivatives  have  been  recommended.  WJien,  as  is  not  rarelj'  the 
case,  the  seizures  are  accompanied  by  Cheyne-Stokes  respiration,  amino- 
phylline  intravenously  may  be  of  benefit. 

Closel}'  allied  to  the  cerebral  vascular  crisis  is  the  condition  named  by 
^'olhard,  "acute  pseudo-uremia'^  {"Nierenkrampfleiden,  "renal  convulsive 
disorder").  This  latter  condition  is  called  eclampsia  when  it  occurs  in 
pregnant  women  but  an  identical  syndrome  is  observed  in  children  and  in 
some  young  adults  with  acute  glomerular  nephritis.  It  is  less  frequent  in 
chronic  glomerular  nephritis  and  in  the  various  types  of  essential  hyper- 
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tension.  All  the  patients  with  this  symptom-complex  hav(>  hyfXM-tension 
and  many  of  them  have  etlema.  E\idenees  of  renal  damage  are  found 
in  the  urine  but  the  disorder  is  entirely  independent  of  renal  insufficiency, 
for  it  usually  occurs  in  the  absence  of  niti-ogen  retention.  (In  the  older 
descriptions  this  condition  was  confused  with  uremia  from  which  it  was 
clearly  separated  by  \'olhard.)  The  symptoms  of  this  condition  are  pre- 
dominantly those  of  increased  intracranial  pressure.  In  the  less  severe 
cases,  headache,  choked  discs,  vomiting  and  bradycardia  may  be  obsen'ed. 
^Vhen  the  condition  becomes  more  severe,  generalized  convulsions,  usually 
accompanied  by  loss  of  consciousness  set  in.  Diu-ing  and  prior  to  the  at- 
tack there  is  a  rLse  in  the  already  elevated  blood  pressure.  A  few  of  the 
patients  exhibit  temporary  blindness,  deafness  or  paralysis.  The  condition 
is  likely  to  be  confused  with  meningitis  becaus(>  of  the  cervical  rigidity, 
increased  reflexes  and  positive  Kernig  and  Babinski  signs,  as  well  as  the 
increase  in  body  temperature  which  may  occur.  In  the  treatment  of  acute 
pseudo-uremia  the  therapeutic  measures  of  greatest  value  are  venesection, 
lumbar  puncture,  sedatives,  magnesium  sulphate  [Blackfan  and  Hamilton 
(6)],  intravenous  hypertonic  glucose  and  the  management  of  congestive 
heart  failure  when  this  condition  coexists.  Becher  states  that  much 
benefit  is  produced  by  complete  withdrawal  of  food  and  restriction  of 
fluids  to  the  absolute  minimum. 

The  foregoing  paragraphs  may  seem  to  indicate  that  the  cerebial  vas- 
cular crisis  and  acute  pseudo-uremia  are  entirely  separate  clinical  entities. 
This  is  not  the  case  and  there  is  much  justification  for  grouping  them  to- 
gether under  the  term  "hypertensive  encephalopatJuj"  as  has  been  done  by 
Oppenheimer  and  Fishberg  (7).  Since  the  two  conditions  shade  mto  each 
other  and  often  coexist  they  cannot  always  be  sharply  differentiated. 
However,  the  cerebral  symptoms  are  usually  general  in  the  patients  with 
acute  pseudo-uremia  who  are  ordinarily  young  and  free  of  arteriosclerosis 
of  the  brain,  while  the  symptoms  of  the  cerebral  vascular  crisis  are  often 
focal,  occur  in  persons  with  chronic  hypertension  and  with  some  cerebral 
arteriosclerosLs.i  Furthermore,  while  it  seems  to  be  generally  agreed 
that  vasospasm  is  the  cause  of  attacks  of  the  latter  type  there  is  some  dis- 
pute as  to  whether  in  the  former  condition  the  vasospasm  is  primary  and 
the  cerebral  edema  secondary,  or  whether  edema  of  the  brain  (as  i-esult  of 
capillary  injury,  contraction  of  the  veins,  or  unknown  mechanisms)  is  the 

'  It  seems  probable  that  this  difference  in  the  character  of  the  symptoms  is  to  be 
explained  by  the  irregiilar  distribution  of  the  sclerotic  process  in  the  cerebral  vessels 
of  the  older  hypertensive  patients.  If  some  of  the  vessels  are  already  narrowed  as 
result  of  the  disease  but  are  still  capable  of  contraction,  it  is  probable  that  generalized 
cerebral  vasoconstriction  will  affect  the  areas  supplied  by  these  particular  vessels 
most  and  hence  produce  focal  manifestations,  while  in  the  younger  sui)jects  with 
eclampsia  or  with  acute  nephritis  and  without  arteriosclerosis,  the  cerebral  vasocon- 
striction will  affect  all  parts  of  the  brain  more  or  less  equally  and  hence  produce 
general  rather  than  focal  phenomena. 
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initial  change  with  ischemia  resulting  from  compression  of  the  vessels  within 
the  rigid  skull. 

3)  Increased  metabolism  of  the  brain  in  proportion  to  its  blood  supply. 
Thus  far  we  have  considered  conditions  in  which  the  cerebral  circulation 
is  insufficient  in  the  absolute  sense.  Physiologically  an  analogous  dis- 
turbance may  be  produced  if  the  demand  for  oxygen  in  the  tissues  of  the 
nervous  system  be  increased  to  a  greater  degree  than  the  circulation  to 
these  tissues.  An  increase  in  volume  flow  through  an  organ  can  occur 
either  as  the  result  of  the  speeding  up  in  the  rate  of  mo\-ement  of  the  blood 
through  a  constant  v  ascular  bed,  as  the  result  of  an  opening  up  of  new 
channels,  the  velocity  of  flow  remaining  constant,  or  by  a  combination 
of  these  processes.  In  the  brain  the  degree  to  which  vascular  dilatation 
can  take  place  is  sharply  limited  by  the  rigid  cranial  cavity.  It  is,  there- 
fore, not  surprising  that  when  the  metabolism  of  the  body  Ls  markedh- 
increased  either  as  the  result  of  hyperpyrexia  or  of  very  excessive  thyroid 
secretion  the  brain  appears  to  suffer  more  than  the  other  tissues.  Here 
again  the  symptoms  are  usually  general,  consisting  of  stupor  and  delirium, 
rather  than  focal  manifestations.  The  influence  of  excessive  fever  on  the 
cerebral  functions  is  so  well  known  as  to  require  no  further  comment. 
However,  it  does  not  appear  to  be  sufficiently  recognized  that  in  a  patient 
with  cerebral  arteriosclerosis  identical  symptoms  may  be  produced  by  a 
relatively  slight  elevation  of  temperature.  On  several  occasions  I  have 
observed  elderly  patients  with  recurrent  stupor  in  the  afternoon  when  the 
temperature  was  102  to  103°F.,  with  normal  mental  function  during  the 
morning  when  the  temperature  was  at  or  near  a  normal  level.  The  ob- 
vious explanation  is  that  the  diseased  vessels  were  able  to  transport  suf- 
ficient blood  so  long  as  the  metabolic  rate  of  the  tissues  was  normal,  but 
were  unable  to  accommodate  themselves  to  the  increase  in  blood  supply 
which  was  needed  when  the  metabolism  rose  as  the  result  of  fever. 

An  analogous  condition  is  occasionally  ob.served  when  thyroid  extract 
is  administered  to  certain  elderly  patients  with  myxedema.  Here  as  the 
manifestations  of  hypothyroidism  improve  the  mental  state  of  the  patient 
deteriorates  progressively,  resulting  in  stuporous  delirium  which  Is  relie\'ed 
bj'  withdrawal  of  thyroid  medication  and  again  induced  and  agam  relieved 
hy  the  same  measures. 

The  following  case  reports  are  illustrative  of  some  of  the  less  well  known 
syndromes  which  have  been  mentioned. 

CASE  REPORTS 

Ca.se  1.  History.  G.  D.,  aged  74,  complained  of  attacks  of  faintness  which  were 
sometimes  accompanied  by  unconsciousness.  Examination  was  negative  except  for 
slight  generalized  arteriosclerosis  and  some  cardiac  enlargement.  Attacks  could  be 
regularly  induced  by  pressure  over  the  left  carotid  sinus.  Similar  pressure  over  the 
right  had  no  effect.  Electrocardiograms  were  normal  but  complete  heart  block  with 
ventricular  standstill  lasting  five  seconds  was  induced  by  pressure  on  the  left  carotid 
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sinus.  Several  inoiitlis  later  the  patient  spontaneously  developed  two-to-one  licart 
block.  She  has  eontinued  to  have  attacks  for  the  j)ast  IS  months  in  spite  of  various 
drugs  which  have  been  employed. 

Comment.  In  this  patient  seizures  of  the  .\dams-Stokes  syndrome  occurred 
spontaneously  and  could  be  induced  by  pressure  over  the  hypersensitive  left  carotid 
sinus.  The  condition  is  apparently  not  very  unusual  for  I  have  recently  seen  several 
similar  cases. 

Case  2.  Hislorij.  M.  S.,  a  50  year  old  fenuile,  had  marked  hypertension  (250 
systolic  and  150  diastolic),  with  manifestations  of  congestive  heart  failun;  and  severe 
intermittent  headaches.  She  awakened  one  night  feeling  numb  and  "dead  all  over" 
but  without  paralj'sis.  These  symptoms  cleared  up  within  thirty  minutes.  A  month 
later  she  had  an  attack  of  sudden  deafness  in  the  right  ear  which  lasted  only  a  few 
minutes.  She  also  had  repeated  attacks  of  unconsciousness  with  clonic  convulsions 
lasting  ten  minutes  or  less.  On  three  occasions  she  had  sudden  loss  of  vision  which 
cleared  up  within  an  hour.  In  no  instance  were  any  lasting  abnormal  neurological 
signs  observed  after  recovery  from  these  several  types  of  attacks.  Some  of  the 
seizures  mentioned  occurred  while  the  patient  was  uncJer  observation  in  the  hospital 
and  on  each  occasion  the  blood  pressure  was  found  to  be  above  its  usual  level.  She 
eventually  died  of  renal  insufficiency.  .Vutopsy  revealed  advanced  arteriosclerosis 
of  the  cerebral  vessels  with  scattered  punctate  recent  hemorrhages  in  the  basal 
ganglia  on  both  sides  of  the  brain. 

Comment.  This  patient  presented  the  two  cardinal  features  of  the  cerebral  vascu- 
lar crisis,  i.e.,  temporary  disturbance  of  the  function  of  the  brain  and  elevation  of  the 
blood  jjressure  above  its  ustuil  height  during  the  attacks. 

Case  3.  History.  K.  H .  a  22  year  ok!  priinipara,  noticeil  generalized  edema  during 
her  fifth  month  of  pregnancy.  One  morning  during  the  eighth  month  she  awoke 
suffering  from  a  headache  which  became  increasingly  severe.  The  following  morning 
she  could  not  be  aroused  and  had  a  generalized  convulsion,  which  recurred  the  two 
following  days.  On  examination  she  was  stuporous,  her  face  was  puffy  and  there  was 
slight  pitting  edema  of  the  extremities.  The  blood  pressure  was  190  sj'stolic  and  160 
diastolic.  The  retinal  veins  were  full  and  the  margins  of  the  optic  discs  were  indis- 
tinct. The  heart  was  entirely  negative  to  physical  examination.  The  urine  showed 
a  large  amount  of  albumin,  specific  gravity  as  high  as  1.026,  rnmierous  hj-aline  and 
granular  casts,  no  red  cells  or  white  cells.  The  blood  uric  acid  was  8  mg.  per  cent, 
and  the  non-j)rotein  nitrogen  was  33  mg.  per  cent.  I-umbar  puncture  revealed  a 
cerebrospinal  fluid  pressure  of  320  mm.  of  water.  Following  cerebrospinal  fluid 
drainage,  the  use  of  sedatives,  and  small  amounts  of  hypertonic  glucose  intrave- 
nously, the  blood  pressure  declined  to  140  systolic  and  1 10  diastolic.  The  convulsions 
ceased  and  she  became  rational.  Several  days  later  the  heart  rate  suddenly  increased 
to  160  with  regular  rhythm  and  the  blood  pressure  diminished  to  120  systolic  and  104 
diastolic.  She  became  comatose,  the  pulse  was  feeble  and  the  skin  cold  and  wet. 
Electrocardiograms  revealed  auricular  flutter  with  two-to-one  auriculo-ventricular 
block.  She  was  given  a  preparation  of  digitalis  intravenously.  This  caused  some 
slowing  of  the  heart  rate  which  became  irregular.  While  a  (|uinidine  solution  was 
being  prepared  for  intravenous  injection  the  patient  died.  Permission  for  autopsy 
was  refused. 

Comment.  Here  we  have  cerebral  vascular  episodes  of  two  different  types  in  the 
same  patient.  The  combination  of  headache,  choked  discs,  increased  cerebrospinal 
fluid  pressure,  convulsions  and  stupor  occurring  in  the  latter  months  of  |)regnancy 
with  urinary  findings  indicating  renal  damage,  but  with  good  ability  to  concentrate 
and  without  elevation  of  the  non-protein  nitrogen  of  the  blood,  represents  a  typical 
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picture  of  the  eclamptic  form  of  acute  pseudo-uremia.  The  later  development  of 
auricular  flutter  led  to  the  picture  of  acute  relative  hypotension,  the  collapse  being 
of  the  cardiogenic  type.  The  patient  had  all  the  symptoms  of  hypotension  in  spite 
of  the  normal  systolic  blood  pressure  and  an  elevated  diastolic  blood  pressure. 

Case  4-  History.  F.  H.,  male,  aged  63,  had  noted  ringing  in  the  ears  for  seven 
years,  and  increasing  dyspnea  on  exertion  for  five  years.  Seven  weeks  before  he  was 
first  seen  he  noticed  while  walking  that  his  legs  felt  heavy  and  numb.  A  moment 
later  they  felt  as  if  they  were  swollen  and  he  was  unable  to  tell  where  they  were.  He 
suddenlj'  became  unable  to  stand  and  fell  to  the  floor.  Improvement  began  within 
a  half  hour  and  recovery  was  complete  within  two  hours.  During  the  attack  he  was 
seen  by  his  physician  who  told  him  that  his  blood  pressure  was  "higher  than  usual." 
Two  weeks  later  he  had  a  similar  attack  during  which  he  was  told  that  his  blood  pres- 
sure was  210.  After  the  attack  had  cleared  up  completelj^  his  blood  pressure  was  180. 
In  neither  seizure  was  there  impairment  of  consciousness.  The  following  week  he" 
had  two  attacks  of  diplopia,  both  of  which  lasted  a  few  minutes  and  then  cleared  up 
completely. 

At  the  time  the  patient  was  examined  the  neurological  findings  were  negative,  the 
blood  pressure  was  165  systolic  and  90  diastolic,  the  heart  was  slightly  enlarged,  and 
there  were  a  few  rales  at  the  bases  and  slight  pitting  edema  of  the  lower  extremities. 
The  manifestations  of  cardiac  failure  cleared  up  quicklj'  under  digitalis  therapy. 

Comment.  Although  this  patient  was  not  seen  during  any  of  his  seizures  the  his- 
tory suggests  that  the  attacks  of  diplopia  were  dependent  on  intracranial  vasospasm. 
The  sudden  changes  in  motor  and  sensory  functions  with  rapid  recovery  can  best  be 
accounted  for  by  the  assumption  of  vasospasm  in  the  spinal  cord  (hypertensive 
myelopathy) . 

Case  5.  History.  E.  E.,  a  69  year  old  man  had,  following  suprapubic  drainage  of 
the  bladder  for  a  prostatic  obstruction,  pronounced  pyuria  with  an  irregular  but 
slight  elevation  of  temperature.  Eight  days  after  operation  he  developed  a  stupor- 
ous state  associated  with  muttering  delirium  but  without  any  signs  of  focal  disease  of 
the  nervous  system  and  with  only  minimal  nitrogen  retention  in  the  blood.  His 
temperature  at  this  time  was  103°r.  The  following  morning  the  temperature  was 
99°F.  and  he  was  perfectlj'  clear  mentally.  In  the  afternoon  fever  again  developed 
(103.4°F.)  with  recurrence  of  stupor  and  delirium  which  disappeared  again  as  the 
fever  subsided. 

Comment.  This  sequence  of  events  is  not  uncommon  in  elderly  subjects  but  is 
rarely  observed  in  young  adults  except  when  the  fever  is  much  greater  in  degree.  It 
seems  probable  that  inability  of  the  arteriosclerotic  vessels  to  adjust  themselves  to 
the  increased  metabolic  needs  of  the  brain  during  febrile  periods  is  responsible  for 
this  syndrome. 

Case  6.  History.  V.  S.,  a  white  female,  aged  62,  presented  the  classical  evidence 
of  outspoken  myxedema,  with  a  basal  metabolic  rate  of  minus  46  per  cent.  She  also 
had  substernal  pain  on  effort,  thickening  and  beading  of  the  peripheral  arteries  and 
a  blood  pressure  of  182  sj^stolic  and  112  diastolic.  She  was  intelligent  and  showed  no 
evidence  of  mental  impairment  other  than  slight  lethargy  and  slowness  of  reaction 
time.  These  manifestations  were  attributed  to  the  lowered  metabolism.  On  Sep- 
tember 24,  she  was  started  on  3  gr.  of  thyroid  extract  dailj'.  Two  days  later  she  was 
much  improved  subjectively,  felt  less  cold,  noticed  her  skin  was  moist  for  the  first 
time  in  years,  her  voice  was  higher  pitched  and  her  bodj'  temperature  had  risen  from 
97  to  98°F.  Four  days  after  starting  thyroid  medication  improvement  was  still  more 
definite  and  the  basal  metabolic  rate  was  minus  16  per  cent.    The  following  daj'  she 
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was  depressed,  despondent,  wept  readily  and  talked  ineoherently.  That  evening 
she  was  disoriented,  entirely  irrational,  and  refused  fluids  and  food.  The  pulse  rate 
had  risen  from  her  initial  level  of  70  to  !)2  per  minute.  During  the  next  three  days 
she  was  in  a  state  of  stupor  alternating  with  a  muttering  delirium.  Thyroid  medica- 
tion was  discontinued.  She  gradually  improved  and  in  ten  daj's  her  condition  was 
similar  to  that  on  admission.  Several  weeks  later  she  was  given  ?  gr.  of  thyroid 
daily.  Within  a  week  some  mental  confusion  developed  which  again  disappeared 
when  thyroid  was  withdrawn.  At  no  time  during  the  patient's  illness  were  any  focal 
signs  of  disease  of  the  nervous  system  elicited. 

Comment.  The  events  observed  in  this  patient  can  only  he  explained  by  assuming 
that  she  had  latent  cerebral  arteriosclerosis  with  sufficient  blood  supply  to  the  brain 
so  long  as  the  metabolism  of  this  organ  remained  at  a  low  level,  but  without  the 
ability  to  adjust  the  cerebral  vessels  to  the  increase  in  blood  supply  which  was  needed 
when  the  metabolism  of  the  brain  tissue  was  increased  by  thyroid  administration. 
(Since  this  patient  was  observed  another  my.xedematous  elderly  subject  with  an 
identical  reaction  to  th3-roid  and  with  recovery  following  its  withdrawal  has  been 
observed). 

DISCUSSION 

The  foregoing  discussion  is  admittedly  incomplete.  My  object  has  been 
to  consider  a  group  of  allied  disorders  from  an  illustrative  rather  than  from 
a  comprehensive  standpoint.  A  more  complete  exposition  would  have  to 
include  other  disorders,  such  as  acute  mountain  sickness  for  example.  It 
is  probable  that  in  the  future  new  clinical  syndromes  which  fall  into  the 
general  group  of  temporary  distinbances  of  the  balance  between  the  oxygen 
supply  and  the  oxygen  need  of  the  brain  will  be  described.  In  any  case  it 
would  seem  that  .'supplementing  the  usual  etiologic  and  pathologic  points 
of  view  by  attempting  a  physiological  approach  will  l)e  helpful  in  under- 
standing this  complex  but  common  and  important  group  of  conditions. 

BIBLIOGRAPHY 

1.  Weiss,  S.,  .and  B.\ker,  J.  P.:    Carotid  sinus  reflex  in  health  and  disease. 

Medicine,  12:  297,  19.33. 

2.  Stiec.litz,  E.  J.:    .\bnormal  .\rterial  Tension,  Xew  York,  National  Medical 

Book  Co.,  1935. 

3.  P.\L,  J.:    Gefasskrisen.    Leipsig,  1905. 

4.  VoLH.\RD,  F.:    In  Mohr  and  Stachelin's  Handbuch  der  innern  .Medizin,  Berlin, 

3:  1342,  1918. 

5.  Becher,   E.:    Pathogenese,   Symptomatologie   und    Therapy   der  Uriimie. 

Ergebn.  d.  ges.  Med.,  18:  51,  19.33. 

6.  Bl.\ckf.\n,  K.  D.,  .\xd  Ha.mii.tox,  B.:    Uremia  in  acute  glomerular  nephritis. 

Boston  Med.  &  Surg.  J.,  193:  617,  1925. 

7.  Oppexhei.mer,  B.  S.,  .\xd  Fi.shbero,  A.  M.:    Hypertensive  encephalopathy. 

Arch.  Int.  Med.,  41:  264,  1928. 


comple:\iext  titrations  ix  human  serai 


MICHAEL  HEIDELBERGER,  Ph.D. 
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University,  and  the  Presbyterian  Hospital,  Xew  York  City] 

Complement  or  alexin  can  no  longer  be  thought  of  a.-<  a  .single  substance, 
for  there  is  ample  evidence  that  its  activity  in  cellular  or  bacterial  lysis 
and  opsonization  and  in  fixation  in  antigen-antibody  combination  depends 
upon  one  or  more  of  the  four  components  which  have  been  identified  with 
certainty.  Hegedils  and  Greiner  (1)  have  pointed  out  that  the  "titer" 
of  complement  is  limited  by  the  quantity  of  component  present  in  lowest 
titer.  By  separate  titration  of  the  four  components  these  workers  .showed 
that  the  low  titers  obtained  with  unfractionated  human  complement  were 
due  to  a  marked  deficiency  in  the  .•second  component  or  "endpiece."  This 
kept  the  "titer"  low  e\'en  though  the  human  sera  contained  even  more  first 
component  (combining  component  or  "midpiece")  than  did  guinea-pig 
semm,  the  usual  standard  in  complement  studies.  In  human  sera,  then, 
complement  titrations  carried  out  in  the  usual  way  give  the  "endpiece" 
or  second  component  titer  and  not  that  of  the  other  components  or  of  com- 
plement as  a  whole.  This  affords  a  possible  clue  to  the  failure  of  human 
complement  "titers"  to  reflect  clearly  conditions  of  health  and  disease,  for 
the  behavior  of  the  combining  component,  or  first  component,  which  is 
taken  up  in  complement  fixation,  bacterial  lysl*,  and  hemolysis,  would 
seem  of  greater  interest.  An  independent  method  for  the  estimation  of 
the  combining,  or  first  component,  C'l,  in  absolute  or  weight  imits  is  now 
available  (2)  and  data  obtained  with  human  complement  by  this  method 
are  being  assembled  for  publication. 

In  the  meantime  complement  titrations  of  human  sera,  affording  a  rela- 
tive measure  of  the  C"'l  content,  may  be  carried  out  by  addition  of  crude 
guinea-pig  "endpiece"  (1).  Guinea-pig  complement  components  2,  3,  and 
4  may  be  obtained  even  more  simply  as  follows:  For  each  milliliter  of 
guinea-pig  complement  (serum)  a  specific  precipitate  is  formed  with  about 
0.02mg.  of  egg  albumin  nitrogen  and  about  0.1  to  0.2  mg.  of  rabbit  anti-egg 
albumin  nitrogen,  or  with  similar  quantities  of  Type  III  pneumococcus 
specific  polysaccharide  and  homologous  rabbit  antibody.  These  amounts 
of  specific  precipitate  have  been  sho\\-n  (2,  3)  to  remove  the  entire  content 
of  combining  component,  C'l,  from  complement.    The  mixture  is  centri- 

'  The  work  reported  in  this  communication  was  carried  out  under  the  Harkness 
Research  Fund  of  the  Presbyterian  Hospital. 
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fuged  as  soon  as  tlie  i)rocipitato  has  Hocked  and  the  supernatant  used  as 
given  below. 

For  the  titrations  given  in  the  protocol  use  was  made  of  0.2  ml.  of  hemo- 
lytic system  consisting  of  equal  volumes  of  5  per  cent  sheep  red  cell  suspen- 


PROTOCOL  1 

Human  complement  lilrations  mith  and  wilhoiit  reinforcement 


Bt;.MAN  SERI  M 
AND  DILI  TION 
rSED 

OflNEA- 
PIG  SERI  M 
SUPER- 
NATANT 

HEMOLYSIS  BV  QUANTITY  OF  HUMAN  SERUM  DILUTION  USED.  ML. 

0.05 

0.075 

0.1 

0.15 

0.175 

0.2 

0.225 

0.25 

0.3 

c 

B,  1:30 
Same,  next 

day 
Same  next 

daj- 

+ 

++ 

+  +  + 

c 

+++ 

c 

ac 

C 

ac 

ac 

C,  1:10 
C,  1:30 

+ 

+++ 

ac 

+  +  +  ± 
c 

ac 
c 

c 

D, 1:10 
D,  1:30 
Same,  in  COi 

snow  1  wk . 

1:15 

+ 
+ 

+++ 

+++± 

C 

+++ 

ac 

c 

c 

1    1  •  ifi 

1  0.  1 .  lU 

lo,  1:25 

+ 

-l-+± 

+  +  ± 
ac 

ac 

+++± 

c 

ac 

1,,  1:10 
1,,  1:40 

+ 

+++ 

ac 

+++ 
c 

c 

2o,  1 : 10 
2o,  1:40 

+ 

+  +  +  ac 

c 

+  +  -|-± 

ac 

2,,  1:10 
2,,  1:40 

+ 

+++ 

ac 

+++ 

0 

+++± 

c 

02,  1 : 10 
5.,  1:40 

+ 

+++ 

ac 

+++ 

c 

ac 

c 

Degrees  of  hemolysis:  +  +  ,  +  +  +  ,  etc.,  ac  =  almost  complete,  c  =  complete. 
Samples  B,  C,  D  were  from  cardiac  patients;  1,  2,  5  from  normals.  Occasional 
sera,  anticomplementary  at  1:10,  must  be  titrated  at  higher  dilutions. 


sion  and  a  dilution  of  hemolysin  containing  two  "units."  0.05  ml.  of 
guinea-pig  serum  supernatant,  prepared  as  indicated,  was  added  to  each 
tube  containing  the  increa.><ing  volumes  of  diluted  human  serum  to  be 
titrated,  followed  by  saline  to  0.5  or  0.(5  ml.  total  volume.  Readings  were 
taken  after  20  to  30  minutes  in  a  water  bath  at  37°C\  The  usual  controls 
were  run,  including  one  with  0.1  ml.  of  the  guinea-pig  .scnim  supernatant 
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with  saline  and  hemolytic  system.  This  showed  0  hemolj^sis  in  every  case. 
For  each  semm  the  first  line  in  the  protocol  shows  the  titration  without 
added  C  2,  3,  4,  while  the  second  line  indicates  the  result  of  addition  of 
the  guinea-pig  seinim  supernatant  as  above. 

The  protocol  shows  that  addition  of  adequate  quantities  of  complement 
components  2,  3,  and  4  from  a  guinea-pig  serum  supernatant  depiived  of 
its  first  component  and  incapable,  by  itself,  of  hemolyzing  sensitized  red 
cells,  supplements  the  deficient  components  (C'2,  according  to  Hegediis 
and  Greiner)  in  the  human  serum  and  permits  hemolysis  at  higher  titers. 
Xormal  human  sera  such  as  lo,  or  2o,  titrated  bj^  themselves,  appear  to 
contain  less  than  40  to  60  "units"  of  complement  per  milliliter.  However, 
when  the  deficiency  in  components  other  than  C'l  is  made  up,  the  titers 
reach  125  to  400  "units"  and  become  equal  to  those  of  typical  guinea-pig 
serum.  These  titers  then  reflect  the  C'l  content,  since  the  other  com- 
ponents have  been  added  in  excess  and  the  "titer"  is  stUl  a  measure  of  the 
component  present  in  lowest  "titer." 

It  may  be  debatable  whether  information  of  greater  clinical  value  will 
accumulate  from  titrations  of  human  C'l  with  fortified  complement  than 
from  the  usual  titrations,  which  yield  data  presumably  only  as  to  C'2. 
Possibly  C'3  and  C'4  should  be  titrated  as  well,  and  methods  for  doing 
this  are  available  (1,4).  At  any  rate  it  is  clear  that  unmodified  "com- 
plement" titrations  do  not  yield  comparable  information  when  carried  out 
with  guinea-pig  and  with  human  sera. 
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ox  :mfx:haxisms  of  inspiratory  filling  of  the 

CERVICAL  VEINS  AND  PULSUS  PARADOXUS  IN 
VENOUS  HYPERTENSION 


WILLIAM  M.  HITZIG,  M.D. 
[From  the  Second  Medical  Service  of  Dr.  Eli  Moschcowitz,  The  Mount  Sinai  Hospital] 

The  association  of  marked  pulsus  paradoxus  with  inspiratory  filling  of 
the  cervical  veins  has  been  of  value  in  the  diagnosis  of  chronic  constrictive 
pericarditis.  Both  of  these  "paradoxical"  manifestations  have  been  at- 
tributed to  mediastinal  adhesions  because  of  the  inflammatory  and  "ad- 
hesive" nature  of  this  disease. 

Wenckebach  (1)  regards  the  inspiratory  weakening  of  the  pulse  in 
mediastino-pericarditis  to  be  due  to  the  adhesions  which  envelop  the  heart 
and  attach  it  to  surrounding  structures.  During  inspiration,  these  struc- 
tures spread  apart  and  the  resulting  traction  upon  the  heart  interferes 
with  its  emptying.  According  to  Gauchat  and  Katz  (2),  such  adhesions 
serve  as  a  plausible  explanation  for  the  genesis  of  pulsus  paradoxus  in 
certain  ca.ses  of  constrictive  pericarditis.  Its  absence  in  other  instances 
which  came  to  necropsy  was  considered  by  them  to  be  due  to  lack  of 
adhesions  to  mobile  portions  of  the  thorax. 

Adhesions  about  the  large  veins  which  may  in  a  like  manner  interfere 
with  their  discharge  during  inspiration  may  also  lead  to  diminished  in- 
spiratory filling  of  the  heart  and  to  inspiratory  distention  of  the  cervical 
veins.  Although  mechanical  distortion  of  the  superior  vena  cava  maj^ 
possibly  explain  the  inspiratory  swelling  of  the  cervical  veins,  the  presence 
of  this  physical  sign  in  syndromes  associated  with  venous  hypertension 
(without  mediastinitis)  suggests  that  other  mechanisms  may  also  operate 
in  its  production. 

Accurate  oUservations  of  increased  inspiratorj-  filling  of  abnormally 
tense  cervical  veins  b.y  inspection  g,nd  palpation  are  frequently  difficult. 
Even  in  coastrictive  pericarditis  there  is  only  a  small  percentage  of  cases 
where  inspiratory  filling  of  the  cervical  veins  is  of  sufficient  prominence 
^0  allow  clinical  recognition.  This  phenomenon  is  more  frequently  and 
more  accurately  detected  manometrically  by  actually  measuring  the 
venous  pressure  in  cervical  veins  before  and  during  a  full  deep  inspiration. 

This  communication  is  based  essentially  upon  venous  pressure  measure- 
ments obtained  before  and  during  inspiration  in  cases  exhibiting  venous 
hj'pertension.  It  will  endeavor  to  correlate  the  "paradoxical"  inspiratory 
elevation  of  the  cervical  venous  pressure  and  the  pulsus  paradoxus  with 
certain  abnormalities  in  the  circulator}'  and  cardiopulmonary  dynamics. 
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MATERIAL  AND  METHODS 

The  effect  of  deep  inspiration  upon  the  cervical  venous  pressure  was 
observed  in  eight  cases  of  constrictive  pericarditis,  in  fourteen  cases  of 
right  heart  faihue,  in  seven  cases  of  superior  vena  caval  obstruction,  and 
in  eighteen  normal  individuals.  The  occurrence  of  pulsus  paradoxus  in 
the  above  syndromes  was  also  recorded. 

The  circulator^'  disturbance  accompanying  constrictive  pericarditis, 
right  heart  failure,  and  superior  vena  caval  obstruction  was  studied  by 
measuring  the  venous  pressure  curve  in  the  veins  of  the  neck.  The  femoral 
venous  pressure  was  also  recorded  in  all  cases  of  superior  vena  caval 
occlusion.  The  velocity  of  blood  flow  in  circulatory  pathways  which 
included  either  the  superior  or  inferior  vena  cava  was  determined  with 
the  ether  and  saccharin  circulation  time  methods. 

The  venous  pressure  curve  was  determined  by  measuring  the  initial 
venous  pressure  in  an  external  jugular  vein  during  rest  and  during  manual 
compression  of  the  right  upper  abdomen  for  one  minute.  Following  this, 
the  effect  of  a  full  deep  inspiration  upon  the  initial  venous  pressure  was 
recorded. 

Respiratory  undulations  were  also  observed  Avhen  the  venous  pressure 
was  determined  in  an  antecubital  vein,  but  these  undulations  although 
showing  parallel  trends  were  not  of  sufficient  magnitude  to  justify  any 
clinical  deductions.  The  weakness  of  the  respiratory  undulations  was 
attributed  to  the  relative  insensitivity  of  the  method  employed.  Fish- 
berg  (3)  states  that  the  undulations  are  damped  by  the  great  inertia 
of  the  blood  column  from  the  heart  to  the  antecubital  vein  plus  that  of 
the  manometric  system.  We  have  observed  jirominent  respiratory  undula- 
tions in  an  antecubital  vein  in  patients  with  anemia  and  hypotension  in 
whom  the  viscosity  of  the  blood  was  reduced.  To  obtain  maximum 
respiratory  excursions  of  the  venous  pressure  in  a  tributary  of  the  superior 
vena  cava  the  following  points  in  technique  must  be  fulfilled: 

1)  A  large  external  jugular  vein  must  be  employed;  the  nearer  the  meas- 
urement is  to  the  heart,  the  less  \\\\\  be  the  inertia  of  the  blood  column. 

2)  A  large  gauge  needle  must  be  used  (18  gauge  or  preferably  16  gauge) ; 
the  amplitude  of  the  respiratory  oscillations  is  directly  related  to  the 
bore  of  the  needle. 

3)  t  The  patient  must  be  told  to  take  a  full  deep  breath;  a  normal  in- 
spiration may  not  overcome  the  inertia  of  the  blood  column  and  conse- 
cjuenth'  may  not  cause  an  appreciable  respiratory  fluctuation  of  the  \'enous 
pressure. 

Determination  of  the  initial  venous  pressure  in  an  external  jugular  vein. 
The  initial  venous  pressure  was  measured  directly  by  means  of  an  L- 
shaped  manometer  moistened  with  10  per  cent  sodium  citrate  (slight  mod- 
ification of  Taylor,  Thomas  and  Schleiter  (4)  technique).  After  the  area 
was  novocainized,  the  16  to  18  gauge  needle  was  inserted  into  a  large 
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external  jugular  \ein,  the  point  of  int^ertion  being  placed  at  the  theo- 
retical level  of  the  right  auriele  (5  em.  below  the  anterior  surface  of  the 
.sternum).  To  facilitate  \  (>nopuncture  the  sul)jects  were  ordered  to  strain 
as  during  micturition.  When  the  rising  or  falling  blood  column  in  the 
manometer  became  stationary,  the  reading  was  i(>corded.  The  \'enous 
pressure  with  this  method  in  a  large  series  of  "normals"  ranged  from  2 to 
10  cm.  of  blood. 

Effect  of  manual  compression  of  the  right  upper  abdomen.  While  the 
needle  was  still  in  situ,  the  right  upper  abdomen  was  compressed  manu- 
ally (about  30  to  40  lbs.  pressure  exerted  with  the  palm  of  the  hand)  for 


Fio.  1.  Determination  of  initial  venoii-s  i)rc.ssiii('  in  rxinnal  jugular  vein.  The 
manometer  is  attached  to  a  rubber  tube  which  at  its  distal  end  is  leveled  so  that  the 
zero-point  corresponds  approximately  to  the  level  of  the  right  auricle. 

one  minute.  The  rise  or  fall  of  the  blood  column  abo\  c  or  below  the  ini- 
tial venous  pressure  was  recorded.  Normally,  right  upper  abdominal 
compression  caused  a  proge.ssive  fall  of  the  extei-nal  jugular  venous  pres- 
sure which  ranged  from  0.5  to  2.5  cm. 

Effect  of  deep  inspiration  upon  the  external  jugular  venous  pressure. 
While  the  needle  was  still  in  situ,  the  patient  was  told  to  take  a  slow  deep 
full  breath.  The  average  effect  of  two  inspii-ations  upon  the  height  of  the 
initial  venous  pressure  was  recorded.  To  avoid  erroijeous  results,  the 
subject  was  told  to  relax  and  the  manometer  was  tested  for  complete 
patency  when  the  inspiratory  observation  was  concluded,  by  manually 
compressing  the  cervical  \ein  below  the  insertion  of  the  needle  or  by 
having  the  subject  strain. 


628 


WILLIAM  M.  HITZIG 


The  venous  pressure  in  an  external  jugular  vein  during  inspiration  was 
measured  in  eighteen  normal  individuals.  In  all  of  these  individuals 
there  was  inspiratory  emptying  of  the  cervical  veins,  the  venous  pressure 
falling  during  inspiration  from  0.5  to  2.5  cm.  When  several  (3  to  4)  rapid 
successive  deep  inspirations  were  performed,  the  venous  pressure  dropped 
more  markedly  (4  cm.  lowest  drop). 

Effect  of  a  tourniquet  applied  to  the  chest  wall  upon  the  level  of  the  initial 
venous  pressure.    ASter  recording  the  effect  of  a  deep  inspiration,  a  Levine 


Fig.  2.  Determination  of  effect  of  manual  compression  of  right  upper  abdomen. 
The  right  upper  abdomen  is  compressed  manually  and  the  effect  of  this  maneuver 
upon  the  level  of  the  initial  venous  pressure  after  one  minute  of  compression  is 
recorded. 

In  this  patient,  who  suffered  from  arteriosclerotic,  rheumatic  and  possibly  luetic 
heart  disease  (Wassermann  test  was  4  plus),  the  initial  venous  pressure  was  22  cm. 
and  right  upper  abdominal  compression  caused  a  further  rise  to  41  cm.  On  deep 
inspiration  the  cervical  venous  pressure  rose  Ij  cm.  That  the  hepatojugular  reflux 
phenomenon  was  not  a  pure  "liver"  phenomenon  was  established  by  compressing  the 
left  lower  abdominal  quadrant  and  recording  the  rise.  In  this  patient  such  a  maneu- 
ver was  followed  by  a  rise  of  18  cm.  above  the  initial  venous  pressure  level. 

tube  was  applied  to  the  entire  circumference  of  the  thorax  at  the  level  of 
either  the  nipples  or  the  xiphoid  process.  The  effect  of  this  procedure 
upon  the  cer^'ical  or  antecubital  venous  pressure  was  especially  significant 
in  cases  of  superior  vena  caval  occlusion,  a  rise  indicating  interference 
with  the  superficial  venous  blood  flow  downward  to  the  inferior  vena  cava 
(5).  Xormalh%  and  in  heart  failure  the  thoracic  tourniquet  had  no  effect 
upon  the  initial  venous  pressure. 

Determination  of  femoral  venous  pressure.  The  femoral  venous  pressure 
was  measured  primarily  in  superior  vena  ca^■al  obstruction.  An  elevated 
external  jugular  venous  pressure  in  the  presence  of  a  normal  femoral 
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venous  pressure  was  regarded  as  pathognomonic  of  superior  vena  caval 
obstruction  (8). 

Circulation  time.  Circulation  times  with  ether  (6)  and  saccharin  (7) 
were  obtained  from  either  cervical  or  antecubital  veins  in  all  cases.  They 
were  of  value  in  establishing  and  differentiating  the  types  of  circulatory 
syndromes  studied.  For  details  of  methods  see  the  original  papers.  In 
a  brief  way,  the  ether  time  ("arm  to  lung  time")  measured  the  circulation 
time  from  an  antecubital  vein  to  the  pulmonary  arterial  capillaries  and 
was  regarded  as  a  measure  of  the  right  heart  unit  (normal  3^  to  8  seconds). 
The  saccharin  time  ("arm  to  tongue  time")  measured  the  circulation  time 


Fig.  3.  Determination  of  effect  of  thoiacic  toviriiicnict  applied  at  xiphoid  level. 
In  superior  vena  caval  occlusion  below  the  azygos  vein,  blood  returns  to  the  heart 
from  the  upper  part  of  the  body  by  means  of  circuitous  collateral  vessels  which  drain 
into  the  inferior  vena  cava.  If  the  main  pathway  of  returning  blood  is  via  the  promi- 
nent superficial  thoracic  collateral  channels  (as  will  occur  when  the  internal  mam- 
mary vessels  are  also  compressed  bj-  massive  mediastinal  metastases),  application  of 
a  thoracic  tourniquet  will  cause  a  progressive  rise  of  the  tension  in  the  cervical  or 
antecubital  veins. 

from  an  antecubital  vein  to  t\w  capillaries  of  the  tongue  (normal  9  to  16 
seconds).  The  "lung  to  tongue  time,"  obtained  indirectly  by  subtracting 
the  ether  time  from  the  saccharin  time,  yi(>lded  the  circulation  time  from 
the  pulmonary  to  the  lingual  capillaries  and  was  regarded  loughly  as  a 
measure  of  the  left  heart  unit  (normal  -ih  to  10  seconds).  In  superior  vena 
caval  occlusion  the  arm  circulation  time  was  also  performed  in  some 
cases  during  manual  compression  of  the  abdomen  in  order  to  gain  indirect 
information  on  the  route  of  the  collateral  pathway  (5).  Circulation  time 
measurements  from  the  femoral  vein  were  also  obtained  in  the  superior 
vena  caval  syndrome  (normal  "thigh  to  lung  time"  ranged  between  4  and 
9  seconds,  and  normal  "thigh  to  tongue  time"  ranged  between  9  and  17 
seconds). 
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CHRONIC  CONSTRICTIVE  PERICARDITIS 

In  eight  patients  with  chronic  constrictive  pericarditis,  the  venous 
pressure  curve  was  found  to  be  markedly  abnormal  and  coasLsting  of  a 
high  initial  venous  pressure  with  an  associated  marked  rise  during  manual 
right  upper  abdominal  compression.  The  elevation  of  the  cervical  ven- 
ous pressure  during  right  upper  abdominal  compression  had  as  its  clinical 
counterpart  the  "manual  hepatojugular  reflux"  phenomenon  of  Pasteur 
(9)  and  Rondot  (10).  This  phenomenon  as  measured  quantitatively  in 
centimeters  of  blood  during  one  minute  of  compression  yielded  the  highest 
value  in  cases  of  constrictive  pericarditis.  Its  magnitude  in  this  condi- 
tion is  dependent  upon  the  severity  of  the  right  ventricular  compression 
and  the  degree  of  systemic  engorgement. 

In  all  of  these  cases  a  deep  inspiration  was  accompanied  by  a  mano- 
metric  rise  of  0.5  to  3  cm.  The  rise,  which  occurred  toward  the  end  of 
inspiration,  bore  a  direct  relationship  to  the  depth  of  the  inspiration  and 
to  the  muscularity  of  the  subject.  In  most  instances  (6  cases)  the  in- 
spirator}' rise  did  not  exceed  1.5  cm.  In  only  two  of  these  patients  was 
the  inspiratory  rise  of  the  venous  pressure  detectable  clinically  by  visuali- 
zation and  palpation  of  the  cervical  veins. 

The  velocity  of  blood  flow  through  the  lungs  as  measured  by  the  ether 
and  saccharin  circulation  time  methods  was  decreased,  the  retardation 
being  much  less  marked,  however,  than  in  cases  of  uni\  ersal  heart  failure 
(combined  right  and  left).  In  four  instances  there  was  disproportionate 
slowing  of  the  speed  of  blood  flow  in  the  "arm  to  lung  segment"  as  com- 
pared to  the  "lung  to  tongue  segment."  Such  differential  circulation  time 
readings  were  regarded  as  significant  of  predominant  compression  of  the 
right  side  of  the  heart. 

Inspiratory  weakening  of  the  pulse  sufficient  to  be  detected  by  palpa- 
tion (or  vrith.  the  sphygmomanometer)  was  observed  in  only  two  cases. 
Its  absence  in  six  of  the  cases  weakens  but  does  not  exclude  the  theory 
of  mediastinal  adhesions  around  the  great  veins  (diminished  inspiratory 
filling  of  the  heart)  as  the  cause  of  pulsus  paradoxus. 

UNIVERSAL  HEART  FAILURE   (COMBINED  RIGHT  AND  LEFT) 

Inspiratory  elevation  of  the  cervical  venous  pressure  was  demonstrated 
in  fourteen  cases  of  right  heart  failure.  Although  the  existence  of  this 
phenomenon  was  searched  for  in  many  other  cases  of  right  heart  failure, 
its  presence  was  noted  only  in  severe  cases  manifesting  the  following 
characteristics : 

1)  The  right  heart  failure  cases  were  always  secondary  to  failure  of 
the  left  side  of  the  heart.  This  was  confirmed  objectively  by  circulation 
time  measurements  which  showed  marked  prolongation. 

2)  The  right  heart  failure  was  always  severe  as  indicated  by  a  high 
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or  moderately  high  initial  venous  pressure  (19  to  36  cm.)  and  a  further 
rise  of  the  venous  pressiu'e  during  right  upper  abdominal  compression 
(  +  15  to  +20  cm.)  (11).  (This  typo  of  venous  pressure  curve  was  also 
characteristically  obtained  in  constrictive  pericarditis.) 

As  in  constrictive  pericarditis,  the  inspiratory  rise  of  the  cervical  venous 
pressure  in  right  heart  failure  occurred  generally  toward  the  end  of  inspira- 
tion and  was  followed  by  a  fall  of  le.s.ser  magnitude  towaixl  the  end  of 
expiration.  The  inspiratory  rise  ranged  between  0.5  antl  2.0  cm.  Pulsus 
paradoxus  was  not  present. 

Circulation  time  studi(>s  with  ether  and  saccharin  in  these  ca.'^es  re- 
vealed a  marked  universal  retardation  of  the  speed  of  pulmonary  blood 
flow.  The  "arm  to  lung  time"  ranged  between  8  and  23  seconds  and  the 
"lung  to  tongue  time"  between  15  and  30  .seconds.  The  retardation  of 
blood  flow  in  the  venous  and  arterial  components  of  the  pulmonary  path- 
way signified  an  increased  cross-section  of  the  pulmonary  circulation. 
This  fact,  as  will  be  shown  later,  may  explain  the  absence  of  pulsus  para- 
doxus in  univei-sal  heart  failure. 

SUPERIOR  VENA  C.WAL  OBSTRUCTION 

Ten  patients  presenting  the  syndrome  of  superior  vena  caval  obstruc- 
tion were  observed.  Inspiratory  filling  of  the  cervical  or  antecubital  veins 
was  present  in  seven  patients  of  this  group.  The  rise  in  venous  pressure 
ranged  from  1.0  to  3.5  cm.  The  absence  of  inspiratory  filling  of  the 
cervical  veins  in  three  of  the  i)atients  despite  the  marked  elevation  of  the 
venous  pressure  in  tributaries  of  the  superior  vena  cava  can  be  ascribed 
to  the  fact  that  in  these  cases  the  collateral  circulation  was  predominantly 
supra-diaphragmatic  as  occurs  in  obstruction  above  the  azygos  vein. 
The  cases  which  showed  an  elevation  of  the  cervical  venous  jjressure 
during  inspiration  manifested  a  prominent  superficial  collateral  circulation. 
Four  of  the.se  patients  came  to  autopsy  and  showed  obstruction  of  the 
superior  vena  cava  close  to  the  heart  (below  or  including  azygos  vein). 
In  five  of  the  seven  patients  the  circulatorj'  measurements  indicated  that 
the  venous  return  from  the  upper  half  of  the  body  was  predominantly 
infra-diaphragmatic  by  means  of  circuitous  pathways  through  the  inferior 
vena  cava  as  occurs  in  obstruction  below  the  azygos  vein.  The  abnormal 
circulatory  measurements  which  suggested  obstruction  below  the  azygos 
vein  wei"e : 

1)  Prolongation  of  the  "arm  to  lung  time"  and  "arm  to  tongue  time" 
in  the  presence  of  a  normal  "thigh  to  lung  time"  and  "thigh  to  tongue 
time"  (5). 

2)  Increased  prolongation  of  the  "arm  to  lung  time"  and  "arm  to 
tongue  time"  during  manual  upper  abdominal  compression  (5). 

3)  Increased  elevation  of  the  antecubital  or  cervical  venous  pressure 
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when  the  superficial  thoracic  or  abdominal  collateral  channels  were  com- 
pressed either  by  a  thoracic  tourniquet  or  by  manual  upper  abdominal 
pressure. 

These  abnormal  circulatory  measurements  imply  that  in  caval  obstruc- 
tion below  the  azj'gos  vein,  the  pathway  of  blood  returning  from  the 
territory  drained  by  the  superior  vena  cava  is  via  collateral  veins  which 
empty  into  the  inferior  vena  cava.  This  does  not  obtain  in  high  superior 
vena  caval  obstruction  where  the  azygos  vein  becomes  the  main  channel 
for  blood  returning  to  the  heart  from  the  upper  part  of  the  body.  The 
route  is  shorter  and  more  direct  and  the  circulator}'  measurements  may, 
therefore,  not  be  significantly  altered. 


Fig.  4.  Infra-red  photograph  showing  marked  collateral  circulation  due  to 
mediastinal  metastases  from  a  prostatic  carcinoma.  Thoracic  tourniquet  and 
manual  right  upper  abdominal  compression  caused  a  moderate  rise  of  the  antccubital 
venous  pressure.  Toward  the  end  of  inspiration  the  cervical  venous  pressure  rose  I5 
cm.  above  the  initial  level  and  fell  1  cm.  toward  the  end  of  expiration. 

Pulsus  paradoxus  was  not  observed  in  any  of  the  above  cases  although 
the  "dynamic"  form  of  pulsus  paradoxus  has  been  described  by  Wencke- 
bach (1)  in  intrathoracic  tumors.  It  was  observed,  however,  follo^^■ing 
bronchoscopy  in  a  recent  case  of  bronchial  carcinoma  with  marked  tracheal 
stenosis.  The  phenomenon  was  associated  with  marked  inspiratory 
stridor  and  inspiratory  emptying  of  the  cervical  veins. 

Paradoxical  inspiratory  elevation  of  the  cerebrospinal  fluid  pressure 
(12),  was  recently  observed  in  a  case  of  superior  vena  caval  obstruction 
due  to  metastases  from  teratoma  of  the  testicle.  As  can  be  seen  from 
table  1,  elevation  of  the  cerebrospinal  fluid  pressure  (rise  of  5.2  cm.  of 
water)  during  inspiration  was  associated  with  an  inspiratory  elevation  of 
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the  antecubital  venous  pressure  (rise  of  cm.).  The  measurements 
performed  by  Dr.  Kroop  (12),  were  as  shown  in  table  1. 

In  this  case  the  inspiratory  cerebrospinal  fluid  pressure  elevation  paral- 


Pteius  ofi  upper 
surfoce  of 
diaphragm 


Fig  5.  Obstruction  of  superior  vena  cava  below  (or  including)  azygos  vein. 
Azygos  vein  and  tributaries  become  smaller  and  show  reversal  of  blood  flow.  All  of 
the  blood  returns  to  the  heart  through  the  inferior  vena  cava.  Schematic  drawing 
of  collateral  circulation  (after  Blasingame). 

TABLE  1 


CEREBROSPIN.\I,  FLUID  PRESSURE 

Initial  pressure — 38.8  cm.  of 
water 

Deep  inspiration  caused  a  rise 

to  44.0  cm. 
Left      jugular  compression 

caused  a  rise  to  52.0  cm. 
Right  jugular  compression 

caused  a  rise  to  54.0  cm. 


VENOUS  PRESSURE 


Initial  pressure  (right  antecubital  vein) — 21.5  cm. 
Right  upper  abdominal  compression  caused  a  rise 
to  25.5  cm. 

Deep  inspiration  caused  a  rise  of  the  antecubital 

venous  pressure  to  23.0  cm. 
Normal  respiration:  inspiration,  rise  of  ;  cm.; 

expiration,  fall  of  ;  cm. 
Ether  circulation  time:  right,  12;  left,  21 
Saccharine  circulation  time:  right,  27;  left,  23 


leled  the  antecubital  venous  pressure  elevation  during  inspiration.  This 
is  significant  because  in  normal  individuals  a  deep  inspiration  is  accom- 
panied by  a  depression  of  the  tension  in  the  cerebrospinal  fluid  system 
and  in  the  tributaries  of  the  superior  vena  cava.    The  inspiratory  rise  in 


634 


WILLIAM  M.  HITZIG 


the  cerebrospinal  fluid  pressure  must  therefore  be  attributed  to  inspiratory 

interference  with  the  brachio-cephaHc  venous  return  to  the  heart  and  may- 
be regarded  as  comparable  to  a  partial  jugular  vein  compression  effect 
upon  the  cerebrospinal  fluid  pressure.  Similar  inspiratory  elevation  of 
the  cerebrospinal  fluid  may  therefore  be  expected  in  those  cases  of  con- 
strictive pericarditis,  right  heart  failure,  or  pericardial  effusion  which 
manifest  the  cervical  or  antecubital  vein  phenomenon  during  deep  breath- 
ing. This  is  in  agreement  with  the  work  of  Weed  and  Hughson  (13) 
who  have  shown  that  the  cerebrospinal  fluid  tension  is  largely  dependent 
upon  the  venous  pressure. 

DISCUSSION 

Although  mediastinal  adhesions  may  be  a  cause  of  inspiratory  filling 
of  the  cervical  veins  and  of  pulsus  paradoxus  in  isolated  instances 
of  constrictive  pericarditis,  the  presence  of  these  phenomena  in  unrelated 
conditions  suggests  a  circulatory  or  cardio-respiratory  basis  for  their 
genesis  rather  than  a  purely  mechanical  one. 

Katz  and  Gauchat  (2)  have  shown  experimentally  that  traction  any- 
where on  the  pericardial  structures  may  produce  a  pulsus  paradoxus,  the 
presence  of  which  depends  upon  the  tension  rather  than  upon  the  location 
of  the  "adhesions."  Time  relations  showed  that  such  a  pulsus  paradoxus 
was  always  the  direct  or  indirect  result  of  partial  occlusion  of  the  pul- 
monary vessels  and  aorta,  but  never  due  to  compression  of  the  venae 
cavae.  Inspiratory  elevation  of  the  cervical  venous  pressure  may  there- 
fore be  regarded  as  a  phenomenon  dynamically  independent  of  pulsus 
paradoxus  in  constrictive  pericarditis.  The  mechanisms  involved  in  the 
causation  of  these  paradoxical  phenomena  in  conditions  associated  with 
venous  hypertension  will  be  presently  discussed. 

Inspiratory  filling  of  the  cervical  veins  may  occur  not  only  in  chronic 
constrictive  pericarditis,  right  heart  failure,  and  superior  vena  caval 
occlusion,  but  probably  also  in  pericardial  effusion.  Cases  of  pericardial 
effusion  have  come  under  observation  in  which  the  initial  venous  pressure 
was  markedly  elevated  and  the  "manual  hepatojugular  reflux"  phe- 
nomenon was  unusually  prominent.  Inspiratory  filling  of  the  cervical 
veins  was  not  demonstrated  manometrically  in  these  cases.  In  a  recent 
case  of  cardiac  tamponade  on  the  basis  of  rheumatic  fever,  "pulsus  para- 
doxus" was  present,  but  inspirator^'  filling  of  the  cervical  veins,  although 
probably  present,  was  not  visibly  nor  palpably  discernible.  The  initial 
venous  pressure  was  very  high  but  the  veins  were  too  tense  to  allow  ob- 
servations of  slight  pressure  changes  clinically.  Even  an  augmented 
inspiration  failed  to  alter  the  tension  in  the.se  veins  significantly,  although 
such  breathing  engendered  a  more  prominent  "pulsus  paradoxus." 

The  mechanism  causing  inspiratory  filling  of  the  cervical  veins  in  con- 
strictive pericarditis,  and  in  right  heart  failure,  (and  possibly  also  in 
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pericardial  effusion)  is  in  diametric  contrast  to  the  mechanism  which  is 
responsible  for  the  ai)pearanc(>' of  this  phenomenon  in  cases  of  superior 
vena  caval  occlusion.  In  the  former  conditions,  it  is  associated  with 
central  venous  stasis  due  to  the  increased  venous  return  to  the  heart  dur- 
ing inspiration  while  in  superior  vena  cava!  obstruction  there  is  no  central 
\enous  stasis  and  the  inspiratory  venous  return  may  actually  be  dimin- 
ished due  to  interference  with  the  collateral  circulation.  In  all  of  these 
conditions  the  inspiratory  filling  of  the  cervical  veins  is  associated  with  a 
marked  ele\ation  of  the  venous  j)ressure  in  the  neck  veins  during  right 
upper  abdominal  compression.  This  suggests  an  identical  mechanism 
for  the  causation  of  the  increa.sed  elevation  of  the  venous  pressure  in  the 
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Fig.  6.  Cervical  venous  pressure  curves  in  (.4)  "normals,"  (B)  right  heart  failure 
(combined)  marked  degree  and  (C)  superior  vena  cava  obstructions  (below  azygos 
vein). 

In  superior  vena  caval  obstruction  (below  azygos  vein),  manual  compression  of 
right  upper  abdomen,  application  of  thoracic  tourniquet  and  deep  inspiration  will 
cause  a  rise  of  the  cervical  venous  pressure  due  to  interference  with  the  collateral 
pathway  through  the  inferior  vena  cava. 

neck  veins  during  inspiiation  and  during  manual  compression  of  the 
abdomen. 

The  "manual  hepatojugular  reflux"  phenomenon  in  constrictive  peri- 
carditis, i-ight  heart  failure,  and  pei-icardial  effusion  is  due  to  a  marked 
elevation  of  the  intra-abdominal  pressure  which  causes  an  enormously 
increased  venous  return  to  the  heart.  The  overloading  effect  of  the  right 
heart  during  abdominal  compression  is  promptlj-  transmitted  to  the  veins 
of  the  neck  where  it  manifests  itself  clinically  by  marked  distention  of  the 
neck  veins  or  manomctrically,  by  a  marked  elevation  of  the  venous  pres- 
sure. A  full  deep  inspiration  in  these  "congestive"  states  may  simulate  in 
a  less  forceful  way  the  right  upper  abdominal  compression  phenomenon 
by  increasing  the  venous  return  centrally,  overloading  the  inefficient  right 
heart,  and  thereby  effecting  a  slight  but  significant  "paradoxical"  in- 
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spiratory  elevation  of  the  venous  pressure  in  the  veins  of  the  neck  ("in- 
spiratory hepatojugular  reflux  phenomenon"). 

The  "inspiratory  hepatojugular  reflux  phenomenon"  in  systemic  venous 
hypertension  is  not  really  "paradoxical"  for  it  has  a  sound  physiologic 
basis.  Its  causation  is  based  upon  alterations  of  the  circulatory  but  not 
the  respirator}^  dynamics.  Normally  and  in  heart  failure  the  diaphragm 
descends  during  inspiration  and  the  tonus  of  the  abdominal  muscles  is 
strengthened.  This  leads  to  an  increased  negative  pressure  in  the  chest 
cavity  and  to  an  increased  positive  pressure  in  the  abdomen.  This  in- 
creased difference  in  pressure  is  efifective  in  aspirating  blood  from  the 
superior  vena  cava  and  in  driving  blood  from  the  abdomen  (liver  and 
tributaries  of  the  portal  vein)  into  the  right  heart. 

Whether  or  not  the  cervical  veins  fill  during  iaspiration  is  determined 
largely  by  the  circulatory  adjustments  that  ensue  between  an  augmented 
venous  return  and  the  ability  of  the  right  heart  to  handle  it.  In  healthy 
individuals,  the  normal  right  heart,  in  accord  with  Starling's  law,  accom- 
modates itself  promptly  to  the  increased  venous  return,  but  the  venous 
pressure,  after  the  initial  "venous  thrust,"  falls  in  tributaries  of  the  su- 
perior vena  cava  because  the  maintained  manual  compression  of  the  in- 
ferior vena  cava  subsequently  reduces  the  venoas  return  from  the  caudal 
regions  of  the  body.  In  "congestive"  states,  however,  the  venous  return 
from  the  liver  and  portal  tributaries  is  enormously  increased  not  only 
because  of  the  greater  circulating  blood  volume  in  heart  failure,  but  also 
because  of  the  disproportionate  accumulation  of  blood  in  the  intra-ab- 
dominal blood  depots,  especially  in  the  liver  (3).  As  a  con.sequence,  the 
insufficient  or  compressed  right  heart  is  overloaded  beyond  its  functional 
capacity.  The  central  A'enous  stasis  (large  veins  and  right  auricular 
stasis)  that  follows,  promptly  retards  the  venous  influx  from  the  superior 
vena  cava  and  as  a  consequence  the  "inspiratory  hepatojugular  reflux 
phenomenon"  gradually  makes  its  appearance. 

The  "inspiratory  hepatojugular  reflux  phenomenon"  in  these  cases 
is  due  solely  to  the  altered  circulatory  dynamics  and  not  to  mediastinal 
distortion.  That  it  is  a  pure  "congestive"  phenomenon  was  further  es- 
tablished in  four  of  the  cases  in  whom  venous  pressure  measurements 
were  repeated  after  cardiac  compeasation  was  considerably  improved  with. 
bed  rest,  digitalis,  ammonium  chloride  and  mercurial  diuresis  (see  table 
2).  In  all  of  the.se  cases  the  "inspiratory  hepatojugular  reflux  phenom- 
enon" did  not  only  fail  to  appear  despite  the  persistence  of  a  moderate 
"manual  hepatojugular  reflux  phenomenon"  but  a  deep  inspiration  was 
accompanied  by  an  actual  fall  of  the  external  jugular  venous  pressure. 

In  superior  vena  caval  obstruction  below  the  azygos  vein  the  mechanism 
which  causes  an  inspiratory  rise  of  the  cervical  venous  pressure  also  paral- 
lels the  mechanism  which  causes  elevation  of  the  cer\-ical  venous  pressure 
when  the  abdomen  is  compressed.    The  rise  of  the  cervical  venous  pres- 
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sure  during  manual  upper  abdominal  compression  in  superior  vena  caval 
obstruction  does  not  result  however,  from  an  overloading  of  the  right  heart 
by  an  increased  venous  retvu'n  as  occurs  in  right  heart  failure.  The  ven- 
ous return  to  the  heart  may  be  actually  diminished  when  the  abdomen  is 
compressed.  The  increa.sed  filling  of  the  veins  in  the  neck  results  from 
the  increased  intra-abdominal  tension  or  from  compression  of  the  inferior 
vena  caval  pathway  which  transports  the  blood  icturning  from  the  upper 
part  of  the  body. 

Inspiratory  filling  of  the  cervical  veins  in  complete  superior  vena  caval 
obstruction  (below  the  azygos  vein)  has  a  similar  origin.  The  inspiratory 
descent  of  the  diaiihragm  increases  the  intra-abdominal  pressure  which 

TABLE  2 


Disappearance  of  "inspiratory  hepatojugular  reflux  phenomenon"  after  cardiac  therapy 

in  universal  heart  failure 


DECOMPENS.\TION  BEFORE  CARDIAC 
THERAPY 

RELATIVE  COMPENS.\TION  AFTER  CARDIAC 
THERAPY 

DIAGNOSIS 

Initial 
venous 
pres- 
sure, 
cm.  of 
blood 

"Manual 
hepatojugular 
reflux."  cm. 
of  blood 

"Inspiratory 
hepatojugular 
reflu.x,  '  cm. 
of  blood 

Initial 
venous 
pres- 
sure, 
cm.  of 
blood 

"Manual 
hepatojugular 
reflux."  cm. 

of  blood 

"Inspiratory 
hepatojugular 
reflux."  cm. 
of  blood 

Coronary  arterj' 

23 

Present ; 

Present ; 

10 

Present ; 

Absent ; 

disease 

rise  of  19 

rise  of  1^ 

rise  of  7 

fall  of  1| 

Chronic  rheumatic 

25 

Present ; 

Present; 

13 

Present ; 

Absent ; 

cardiovascular 

rise  of  18 

rise  of  2 

rise  of  9 

fall  of  2 

disease 

Hj'pertcnsive  and 

20 

Present ; 

Present; 

9 

Present ; 

Absent; 

arteriosclerotic 

rise  of  16 

rise  of  1 

rise  of  6 

fall  of  1 

heart  disease 

Coronary  artery 

19 

Present ; 

Present ; 

8i 

Present; 

Absent ; 

disease 

rise  of  19 

rise  of  I5 

rise  of  3 

fall  of  2^ 

squeezes  l)lood  out  of  the  liver  and  portal  tributaries  but  compresses  the 
inferior  vena  cava.  Inspiration  interferes  in  this  way  with  the  return 
flow  of  blood  through  the  circuitous  abdominal  i^athways  and  the  venous 
pressure  in  the  tributaries  of  the  superior  vena  cava  consequently  rises. 

Pvlsiis  paradoxus.  Kussmaul  (14)  termed  the  inspiratory  weakening 
of  the  puhe  in  mediastinal  pericarditis  as  "pulsus  paradoxus"  because 
he  observed  it  occurring  while  the  heart  continued  to  beat  steadily  and 
strongly  with  no  respirator^'  variation.  This  phenomenon  occurs  classicallj^ 
in  pericardial  effusion,  where  it  is  of  diagnostic  value.  Its  presence  even 
during  natural  breathing  is  especially  remarkable  because  patients  who 
exhibit  it  frequently  present  no  clinical  evidence  of  respiratory  dis- 
comfort, although  their  radial  pul.'^e  during  inspiration  may  decrease  in 
amplitude  to  the  point  of  almost  complete  inpalpability. 
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Katz  and  Gauchat  (2)  studied  the  "pulsus  paradoxus"  experimentally 
and  attributed  its  origin  in  pericardial  effusion  to  the  following  mecha- 
nism: "When  the  pericardium  is  distended  with  fluid  not  only  is  the  flow 
of  blood  into  the  heart  impeded,  but  the  inflow  also  varies  during  inspira- 
tion and  expiration,  owing  to  the  fact  that  the  respiratory  variations  of 
intrathoracic  pressure  do  not  affect  the  intrapericardial  and  intracardial 
pressures  as  much  as  those  in  the  entering  veins.  This  would  naturally 
cause  a  small  difference  of  pressure  between  the  veins  and  heart  during 
inspiration  and  allow  less  filling  of  each  ventricle.  Consequently,  a 
paradoxical  pulse  would  probably  appear  in  both  the  pulmonary  and 
systemic  circuits  but  the  arterial  pulsus  paradoxus  would  result  from  the 
impaired  flow  into  the  left  ventricle. 

An  inspiratory^  decrease  in  the  effective  venous  pressure  within  the 
large  mediastinal  veins,  leading  to  diminished  filling  of  the  right  ventricle, 
may  serve  as  a  plausible  explanation  for  pulsus  paradoxus  in  pericardial 
effusion.  In  normal  individuals,  the  effective  venous  pressure  is  not 
decreased  during  inspiration,  because  the  negative  effects  of  a  decreased 
intrathoracic  tension  are  neutralized  by  equal  reduction  of  pressures 
around  the  veins,  auricles,  and  pulmonary  vessels.  If  a  decreased  intra- 
thoracic pressure  in  pericardial  effusion  does  exert  a  greater  negative 
effect  on  the  mediastinal  veins  than  on  intrapericardial  and  intracardiac 
pressures,  how  can  the  differential  pressure  concept  of  Katz  and  Gauchat 
(2)  be  reconciled  with  the  phenomenon  of  inspiratory  filling  of  the  cervical 
veins  as  it  occurs,  for  example,  in  cardiac  compression  associated  with 
constrictive  pericarditis  (assuming  that  it  is  not  due  to  adhesions)? 

The  occurrence  of  inspiratory  elevation  of  the  cervical  venous  pressure 
in  constrictive  pericarditis  suggests  that  the  effective  venous  pressure 
for  filling  the  right  heart  may  in  these  cases  actually'  be  increased  rather 
than  decreased  during  inspiration. .  The  same  alteration  of  the  circulatory 
dynamics  may  prevail  in  hypodiastolic  heart  failure  due  to  pericardial 
effusion.  The  venous  return  engendered  during  inspiration  evidently 
preponderates  over  the  depressing  effect  of  the  decreased  intrathoracic 
pressure,  and  the  venous  pressure  in  the  veins  entering  the  heart  rises 
rather  than  falls.  Such  increased  elevation  of  the  previously  existing 
superior  vena  caval  hypertension  (as  measured  in  the  neck  veins)  during 
inspiration  weakens  but  does  not  disprove  the  Katz  and  Gauchat  (2) 
concept  of  the  genesis  of  pulsus  paradoxus. 

Another  concept  which  embodies  normal  cardio-respiratory  mechanisms 
is  therefore  propo.sed.  Accordingly,  pulsus  paradoxus  may  be  regarded 
not  as  a  paradoxical  phenomenon,  but  as  a  physiologic  accentuation  under 
certain  abnormal  conditions  of  the  mechanism  which  cau.ses  normal  respira- 
tory variations  of  systemic  arterial  pressure.  In  normal  individuals  the 
arterial  pressure  may  be  rhythmically  elevated  and  decreased  during  the 
acts  of  respiration.    Heinbecker  (15)  has  shown  that  the  respiratory 
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waves  in  systemic  arterial  pressure  consist  of  an  immediate  fall  on  inspira- 
tion and  an  immodiato  rise  on  expiration.  Hamilton,  Woodbury,  and 
Vogt  (16)  conolud(>d  from  their  experiments  that  th(>  expiratory  increase 
in  systemic  arterial  pressure  is  caused  partly  ])y  an  increase  in  intra- 
thoracic pressure  and  partly  by  an  increase  in  cardiac  output.  Such 
respiratory  variations  of  systemic  arterial  pressure  and  of  left  ventricular 
output  obviously  bear  a  direct  relationship  to  the  varying  vascular  capacity 
of  the  lungs  during  these  respiratory  phases. 

Elucidation  of  the  dynamics  of  the  pulmonary  circulation  as  they  maj'^ 
affect  the  normal  systemic  arterial  fluctuations  during  inspiration  and 
expiration  will  shed  more  light,  as  will  be  shown  later,  on  the  genesis  of 
pulsus  paradoxus.  The  pulmonary  circulation  is  affected  by  the  following 
factors: 

1)  The  systolic  discharge  of  the  right  ventricle. 

2)  The  degree  of  negativity  of  the  intrathoracic  pressure  during 
inspiration  and  expiration  which  also  determines 

a)  the  pulmonary  peripheral  resistance  offered  by  intrapulmonary 
and  extrapulmonary  vessels,  and 

b)  the   pulmonary   vascular   capacity   during   inspiration  and 
expiration. 

Experimental  evidence  (17)  supports  the  view  that  during  natural 
breathing  the  pressures  in  the  pulmonary  artery  and  vein  will  fall  during 
inspiration  and  rise  during  expiration.  The  pulmonai-y  arterial  pressure 
falls  dui-ing  inspiration  not  because  the  right  \'(>ntricular  output  is  lowered, 
but  because  the  decreased  negative  intrathoracic  pressure  is  accompanied 
by  an  increased  capacity  of  the  extra-pulmonaiy  and  po.ssibly  intra- 
pulmonary vessels. 

The  question  of  decreased  pulmonary  peripheral  resistance  during  inspi- 
ration has  given  rise  to  considerable  controversial  opinion.  Although  lung 
perfusion  experiments  show  clearly  that  an  expansion  due  to  decreased 
external  negative  pressure  causes  a  fall  of  pulmonary  arterial  pressure  and 
increased  flow,  Hamilton,  Woodbury  and  Vogt  (16)  found  that  the  pressure 
gradients  between  pulmonary  arteries  and  veins  during  inspiration  remain 
essentially  unaltered.  They  concluded  that  in  naturally  breathing  ani- 
mals, reduction  of  pulmonary  peripheral  resistance  is  not  a  factor  in  the 
decline  of  pulmonary  arterial  pressure  during  inspiration.  Wiggers  (17), 
therefore,  maintains  that  the  chief  cause  of  the  fall  of  pressures  in  the  pul- 
monary artery  and  right  ventricle  is  the  effect  of  reduced  intrathoracic 
pressures  on  the  larger  extrapulmonary  arteries. 

The  fluctuating  pulmonary  vascular  capacity  during  inspiration  and 
expiration  probably  determines  the  normal  respiratory  variations  of  sys- 
temic arterial  pressure.  The  lag  in  the  left  ventiicular  output  during 
inspiration  may  be  attributed  to  the  increase  in  capacity  of  the  pulmonary 
vessels  during  inspiration.    Heinbecker  (15)  has  shown  that  the  blood 
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temporarily  pools  in  the  more  capacious  blood  vessels  and  is  not  delivered 
to  the  left  heart  until  the  following  expiration.  The  "blood  holding  capac- 
ity" of  the  lungs  during  inspiration  is  governed  by: 

1)  The  degree  of  increased  negative  intrathoracic  pressure  which  deter- 
mines the  total  pulmonary  vascular  capacity  during  inspiration. 

2)  The  "pulmonary  blood  volume"  during  expiration. 

The  "blood  holding  capacity"  of  the  lungs  during  inspiration  may  therefore 
be  regarded  as  the  quantitative  difference  between  these  two  factors. 

The  djmamics  of  the  pulmonar}'  circulation  are  well  summed  up  by  Wig- 
gers  (17)  in  an  earlier  edition  of  his  book:  "The  decreased  intrathoracic 
pressure  during  natural  inspiration  diminishes  the  peripheral  resistance 
in  the  pulmonary  capillaries  which,  together  with  a  moderate  distention 
of  extrapulmonary  arteries,  accounts  for  the  decrease  in  pulmonary  arte- 
rial pressures  during  inspiration.  At  the  same  time  however,  the  increased 
capacity  of  both  extrapulmonary  and  intrapulmonary  vessels  results 
in  accumulation  of  blood  in  the  lungs  and  a  transient  decrease  in  flow  to 
the  left  auricle.  During  each  succeeding  expiration,  the  pulmonary  vessels 
are  again  emptied  of  their  surplus  blood  and  an  increased  onflow  to  the 
left  auricle  occurs." 

The  circulator}'  dynamics  of  pericardial  effusion  affect  the  pulmonary 
circulation  in  the  following  manner.  The  right  heart  which  acts  as  a  valve 
for  the  left  heart  maintains,  because  of  the  tamponade,  a  constant,  mark- 
edly reduced,  right  ventricular  output  during  both  phases  of  respiration. 
As  a  result,  the  systemic  venous  circuit  becomes  distended  with  blood, 
but  the  pulmonary  bed  which  normally  can  accommodate  one-eighteenth 
of  the  blood  volume  during  expiration  and  one-twelfth  during  inspiration 
(Starling)  remains  "relatively  anemic."  This  explains  the  absence  of 
signs  of  pulmonary'  engorgement  and  the  relative  respiratory  comfort  of 
the  patients  (provided  that  the  cardiac  tamponade  does  not  exceed  a 
critical  level).  Whether  or  not  pulsus  paradoxus  will  appear  will  depend 
largely  upon  the  amount  of  blood  propelled  into  the  lungs  as  compared 
with  the  pulmonary  blood  volume  under  normal  conditions.  Because  the 
small  and  constant  "right  ventricular  discharge"  establishes  a  small  expira- 
tory pulmonary  blood  volume  and  because  the  inspiratory  vascular 
capacity  of  the  lungs  remains  relatively  normal,  the  inspiratory  "blood 
holding  capacity"  of  the  lungs  becomes  disproportionately  increased. 
Consequently,  more  of  the  blood  that  is  expelled  hy  the  right  heart  vdW  be 
held  up  in  the  lungs  to  fill  the  dilated  capacious  vessels  during  inspiration 
and  less  therefore  ^yi\\  reach  the  left  heart.  The  left  ventricular  output 
during  this  phase  of  inspiration  will  become  proportionately  lessened  and  a 
"paradoxical"  pulse  of  varj-ing  degree  will  then  appear.  The  time  rela- 
tions of  the  appearance  of  pulsus  paradoxus  establi.shed  experimentally  by 
Katz  and  Gauchat  (2)  is  in  harmony  with  the  above  concept .  The  prompt 
disappearance  of  the  paradoxical  pulse  after  tapping  the  pericardial  effusion 
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is  also  compatible  with  such  a  concept.  The  increased  right  ventricular 
output  following  release  of  the  heart  will  cause  an  increase  in  the  blood 
volume  content  of  the  lungs  and  a  jjroportionate  decrease  in  its  inspiratory 
"blood  holding  capacity." 

The  relationship  of  the  blood  volume  content  of  the  lungs  during  expira- 
tion to  the  pulmonary  vascular  capacity  during  inspiration  may  likewi.se 
explain  the  phenomenon  of  pulsus  paradoxus  in  chronic  constrictive  peri- 
carditis. This  explanation  would  especially-  hold  true  for  cases  with  pre- 
dominant right-sided  cardiac  compression;  the  absence  of  this  phenomenon 
in  cases  with  predominant  left-sided  cardiac  compression  w'ould  be  attrib- 
uted to  the  increased  cro.s.s-section  of  the  pulmonary  circulation  due  to 
backward  failure  of  the  left  heart.  Inspiration  could  not  significantly 
increase  the  capacity  of  previously  distended  intrapulmonic  and  extra- 
pulmonic  vessels.  Consequenth',  the  marked  discrepancy  between  the 
inspiratory  vascular  capacity  and  the  expiratory  blood  volume  which  is 
necessary  for  the  production  of  paradoxical  pulse  would  be  considerably 
dampened,'  and  the  rhythmic  respiratory  pulse  would  therefore  fail  to 
appear. 

This  concept  also  offers  a  logical  explanation  for  the  "dynamic"  form 
of  pidsus  paradoxus  as  proposed  by  Wenckebach.  A  notable  example  of 
the  dynamic  form  is  laryngeal  steno.sis.  Because  the  respiratory  phases 
become  enormously  exaggerated  in  this  condition,  inspiration  is  accom 
panied  by  an  abnormally  high  negative  intrathoracic  pressure  which  would 
increa.se  markedly  the  inspiratory  vascular  capacity  of  the  lungs.  The 
"inspiratory  blood  holding  capacity"  of  the  lungs  would  therefore  become 
disproportionately  elevated  as  in  pericardial  effusion,  the  only  difference 
being  that  the  pulmonary  blood  volume  during  expiration  would  remain 
either  within  normal  or  subnormal  limits  but  the  pulmonarj-  vascular 
capacity  during  inspiration  would  be  abnormally  increased. 

The  dynamic  form  of  pulsus  paradoxus  differs  from  the  paradoxical 
pulse  of  cardiac  compression  (as  occurs  in  constrictive  pericarditis  and 
pericardial  effusion)  in  the  following  manner: 

1)  It  is  not  accompanied  by  .systemic  venous  congestion  (unless  it  is 
complicated  by  coexisting  superior  vena  caval  obstruction). 

2)  It  is  accompanied  by  inspiratory  emptying  of  the  cervical  veins 
(unless  it  is  complicated  by  coexisting  superior  vena  caval  obstruction). 

The  paradoxical  pulse  due  to  anatomic  peculiarities  must  not  be  con- 
fused w  ith  the  pulsus  paradoxus  of  cardiac  compression  or  of  intrathoracic 
tumors.  In  healthy  people  a  deep  inspiration  may  elevate  the  thorax  in 
such  a  way  as  to  cause  the  subclavian  artery  to  become  nipped  between  the 
first  rib  and  the  clavicle  and  thereby  reduce  or  abolish  the  radial  pulse. 
This  type  of  inspiratory  weakening  of  the  pulse  may  be  established  by 
demonstrating  its  presence  only  when  the  upper  extremity  is  in  certain 
positions.    Furthermore,  in  true  pulsus  paradoxus  all  the  pulses  of  the 
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body  decline  or  fail  but  in  the  "anatomic"  type  the  inspiratory  weakening 
will  be  confined  to  the  pulse  of  the  involved  area. 

CONCLUSIONS 

1)  Inspiratory  filling  of  the  cervical  veins  is  a  non-specific  phenomenon; 
it  occurs  not  only  in  chronic  constrictive  pericarditis,  but  also  in  syndromes 
of  venous  hypertension  (without  mediastinitis)  such  as  severe  right  heart 
failure  (combined  type)  and  superior  vena  caval  obstruction.  It  is  of 
diagnostic  significance  in  chronic  constrictive  pericarditis  only  when  it  is 
accompanied  by  a  pulsus  paradoxus. 

2)  The  "paradoxical"  phenomenon  of  inspiratory  filling  of  the  cervical 
veins  can  be  demonstrated  manometrically  by  measuring  the  venous  pres- 
sure in  the  veins  of  the  neck.  The  elevation  of  the  cervical  venous  pressure 
in  the  syndromes  studied  ranged  from  ^  to  3§  cm. 

3)  ]\Ianometric  observations  reveal  that  inspiratory  filling  of  the  neck 
veins  occurs  much  more  frequently  than  is  clinically  suspected.  This  is 
due  to  the  fact  that  pre-existing  elevation  of  the  venous  pressure  interferes 
with  the  clinical  e\'aluation  of  increased  distention  of  the  cervical  veins 
during  inspiration. 

4)  Inspiratory  filling  of  the  cervical  veins  in  heart  failure  represents  an 
imbalance  between  an  abnormally  augmented  venous  return  from  the 
abdomen  and  a  diminished  right  ventricular  output.  The  central  venous 
stasis  which  surrounds  an  overloaded  right  heart  retards  the  venous  return 
from  the  upper  part  of  the  body.  This  is  promptly  reflected  in  tributaries 
of  the  superior  vena  cava,  where  it  causes  either  visible  filling  of  the  veins 
or  manometric  elevation  of  the  venous  pressure. 

5)  Inspiratory  filling  of  the  cervical  veins  in  superior  vena  caval  obstruc- 
tion occurs  when  the  circulatory  dynamics  indicate  that  the  closure  is 
below  the  azygos  vein.  In  these  cases,  the  inspiratory  descent  of  the 
diaphragm  compresses  the  inferior  vena  cava  and  retards  the  blood  flow 
through  the  collateral  circulation  and  the  intra-abdominal  veins. 

6)  Paradoxical  elevation  of  the  cerebrospinal  fluid  pressure  paralleling 
the  inspiratory  rise  of  the  antecubital  venous  pressure  was  observed  in  one 
case  of  superior  vena  caval  obstruction.  It  is  suggested  that  a  similar 
cerebrospinal  fluid  phenomenon  will  appear  in  those  "congestive"  states 
which  manifest  inspiratory  filling  of  the  cervical  veins  (clinically  or  mano- 
metrically). 

7)  A  concept  is  proposed  in  explanation  of  the  genesis  of  pulsas  para- 
doxus in  pericardial  effusion.  The  phenomenon,  which  may  be  regarded 
as  a  functional  exaggeration  of  normal  cardio-respiratory  dynamics,  will 
appear  when  there  is  a  marked  discrepancy  between  the  pulmonary  blood 
volume  during  expiration  and  the  pulmonary  vascular  capacity  during 
inspiration.    This  concept  can  be  similarly  applied  to  constrictive  peri- 
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carditis  when  the  compression  is  predominantly  right-sided  and  to  the 
"dynamic"  forms  of  pulsus  paradoxus  associated  with  laryngeal  and  intra- 
thoracic tumors. 

8)  The  mechanical  concept  of  the  cause  of  inspiratory  filling  of  the  cer\  i- 
cal  veins  and  pulsus  paradoxus  cannot  be  ignored  in  some  cases  of  constric- 
tive pericarditis,  but  its  occurrence  in  syndromes  of  venous  hypertension 
(without  mediastinitis)  favors  the  cardio-respiratory  or  dynamic  concept. 

9)  A  "paradoxical  pulse"  that  appears  only  in  certain  positions  of  the 
arm  occurs  as  a  result  of  abnoimal  anatomical  relations  between  the  sub- 
clavian artery  and  the  first  rib  and  the  clavicle.  The  inspiratory  weaken- 
ing of  the  pulse  is  localized  to  the  involved  extremity  in  contrast  to  the 
generalizetl  "pulsus  paradoxus"  of  cardio-pulmonary  origin. 

The  author  is  indebted  to  Dr.  Arthur  M.  Fishberg  for  his  encourage- 
ment in  this  field,  and  to  Dr.  Harold  Xeuhof  and  Dr.  B.  S.  Oppenheimer 
for  their  cooperation  in  the  studj-  of  cases  of  constrictive  pericarditis. 
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treat:mext  of  atoxic  neurogenic  bladder  by 
transurethral  resection 


A.  HYiMAX,  M.D.  and  H.  Iv  LEITER,  M.D. 
[From  the  Surgical  Serrice  of  Dr.  A.  Ilyman] 

For  manj^  years  cases  of  urinary  retention  were  clinically  divided  into 
two  main  groups,  the  obstructive  and  the  non-obstructive.  The  former 
and  by  far  the  larger  group  of  patients  were  those  who  exhibited  manifest 
enlargement  of  the  prostate  gland  or  contracture  of  the  bladder  neck.  The 
latter  group  consisted  of  a  heterogeneous  collection  of  cases  generally 
spoken  of  as  "neurogenic  bladders."  The  obstructive  cases  were  subjected 
to  the  various  surgical  procedures  with  eminently  good  end  results.  The 
non-obstructive  retentions  formed  a  difficult  urological  problem  and  their 
treatment  was  generally  unsuccessful. 

Our  knowledge  of  the  physiology-  and  neuroph}-siologv  of  the  bladder  and 
of  the  act  of  micturition  has  been  greatly  increased  in  the  last  two  decades. 
This  has  largely  been  due  to  studies  of  the  nerve  supph^  (Elliot,  Letarjet, 
Langworthy,  Learmonth,  etc.)  and  to  the  studies  of  cystometry  (Rose, 
Muschat,  Simons,  McClellan,  etc.).  Their  investigations  of  the  bladder 
in  animals  as  well  as  in  man  in  both  the  normal  state  and  in  pathological 
lesions  involving  the  various  parts  of  the  central  and  peripheral  nervous 
systems  have  not  only  helped  urologists  in  the  diagnosis  of  various  bladder 
conditions  but  conversely  have  also  helped  diagnosis  of  spinal  cord  lesions 
by  cystometric  studies  of  the  bladder. 

NERVE  SUPPLY  OF  THE  BLADDER;  THREE  DIFFERENT  SETS  OF  NERVES 
CONTROL  THE  .\CT  OF  MICTURITION 

The  sympathetic  nerves.  These  ari.se  from  the  thoraco-lumbar  out- 
flow and  pass  down  in  front  of  the  aorta.  There  are  ramifications  with 
the  coeliac  and  mesenteric  ganglia  as  well  as  with  the  renal  plexuses.  Just 
below  the  bifiwcation  of  the  aorta  the  nerves  group  to  form  the  presacral 
nerve  (or  nerves) .  This  then  divides  into  right  and  left  hypogastric  nerves 
which  pass  to  the  respective  inferior  hypogastric  ganglia  and  thence  to  the 
bladder.  It  is  believed  that  these  cause  relaxation  of  the  bladder  wall. 
In  man,  stimulation  of  the  intact  and  distal  end  of  the  presacral  nerve  has 
resulted  in  contraction  of  the  trigone  and  ureter  orifices.  Most  investi- 
gators feel  that  the  sympathetic  nerve  supply  is  of  little  importance. 
Section  of  the  presacral  nerve  hardly  alters  the  act  of  micturition. 

The  parasympathetic  nerves.  These  arise  from  the  second,  third 
and  fourth  sacral  cord  segments  to  form  the  pelvic  nerves  which  then  pass 
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through  the  hypogastric  ganglia  to  the  bladder.  These  nerves  cause 
contraction  of  the  detrusor,  relaxation  of  the  internal  bladder  sphincter 
and  carry  the  sensory  supply  from  the  bladder.  This  is  the  main  and  most 
important  nerve  supply  of  bladder  function. 

The  INTERNAL  PUDENDAL  NERVES.  These  arise  from  the  third  and 
fourth  sacral  cord  segments  and  after  passing  through  the  obturator  canal, 
supply  the  voluntary  or  external  urethral  sphincter. 

THE  NORMAL  AND  ABNORMAL  BLADDER 

The  normal  bladder  is  capable  of  transmitting  to  the  higher  centers  such 
sensations  as  filling,  emptying,  pain,  touch  and  temperature.  Although 
Learmonth  (1)  demonstrated  that  stimulation  in  man  of  the  central  end 
of  the  cut  presacral  nerve  produced  pain  in  the  bladder  region,  most  in- 
vestigators believe  that  the  main  sensory  supply  is  carried  through  the 
parasympathetic  system. 

The  normal  bladder  on  cystometric  examination  yields  the  following 
information.  The  first  desire  to  urinate  occurs  after  the  introduction  of 
100  to  150  cc.  of  water  into  the  bladder.  Its  maximum  capacity  varies 
between  350  and  450  cc.  with  a  progressive  rise  in  the  intravesical  pressure 
as  the  bladder  is  distended  to  from  1  to  8  or  15  cm.  of  water.  With  the 
bladder  filled,  voluntary  straining  to  empty  the  organ  will  result  in  a  rise 
of  the  intravesical  pressure  to  between  60  and  90  cm.  of  water.  There  are 
no  uninhibited  contractions  of  the  bladder  wall.  Sensations  of  filling  and 
emptying  are  intact.  Voiding  after  initiation  continues  with  an  unin- 
terrupted stream. 

If  one  excludes  inflammatory  lesions  of  the  bladder  wall,  a  hypertonic 
bladder  will  transmit  the  first  desire  to  void  when  less  than  100  cc.  of  fluid 
are  introduced  into  the  bladder.  The  intravesical  pressure  rises  rapidly 
and  sharph^  as  the  bladder  content  increases.  Further  distension  may 
result  in  acute  pain  and  evacuation  of  the  bladder  fluid  around  the  cathe- 
ter. The  characteristic  features  are:  1)  reduced  capacity;  2)  early  rise  in 
intravesical  pressure;  3)  pain  on  distension  of  the  bladder;  4)  uninhibited 
emptying  of  the  bladder;  and  5)  slight  if  any  residual  urine. 

Hypotonic  and  atonic  bladders  have  a  markedly  increased  capacity. 
There  is  absence  of  sense  of  fullness  and  a  very  low  intravesical  pressure 
even  after  the  introduction  of  large  amounts  of  fluid  into  the  bladder. 
Voiding  is  accomplished  with  great  abdominal  straining  and  difficulty. 
The  stream  is  usually  interrupted.  Residual  urine  is  generally  present. 
Overflow  incontinence  occurs  after  the  maximum  bladder  capacity  is 
reached.  Patients  with  longstanding  prostatic  obstructions  and  large 
residual  urine  may  exhibit  a  similar  cystometric  curve.  McClellan  thinks 
that  this  may  be  due  to  temporary  injury  of  the  bladder  wall  ganglia. 
Such  bladders,  however,  usually  show  a  different  cystometric  curve  after 
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the  bladder  has  been  kept  empty  for  several  days  with  an  indwelling  ure- 
thral catheter. 

FOUR  TYPES  OF   NEUROGENIC   BLADDERS  ACCORDING  TO  MCCLELLAN  (2) 

1.  The  uninhibited  neurogenic  bladder.  This  re.sults  from  lack  or 
loss  of  cerebral  inhibition,  either  from  failure  of  development  (adult 
enuretic,  morons  and  degenerates);  unilateral  cortical  disease  (hemiplegia, 
unilateral  brain  tumor) ;  or  subtotal  destruction  of  the  spinal  cord  pathways 
(early  multiple  sclerosis  and  pernicious  anemia).  Micturition  is  impeia- 
tive  but  voluntary.    Sensory  pathways  are  intact. 

2.  The  reflex  neurogenic  bladder.  This  results  from  widespread 
disease  of  the  upper  motor  neurons  from  destruction  of  the  cortex,  spinal 
cord  pathways  or  from  complete  section  of  the  cord  (above  the  sacral 
segments).  Micturition  is  purely  reflex  and  imperative  or  jjrecipitate. 
Sensation  is  abolished.    Examples  of  this  type  are: 

A.  Fracture  of  the  vertebra  with  traumatic  myelitis  (above  sacral 
segments) . 

B.  Inflammatory  lesions:  acute  myelitis,  encephalomyelitis,  extradural 
abscess,  intradural  abscess,  chronic  arachnoiditis.  Pott's  disease. 

C.  Neoplasm:  vertebra,  meninges,  cord. 

D.  Diffuse  pathological  lesions:  pernicious  anemia,  multiple  sclerosis, 
arteriosclerosis. 

E.  Ruptured  nucleus  pulposus. 

F.  Bilateral  cordotomy. 

G.  General  anesthesia. 

3.  The  autonomous  neurogenic  bladder.  This  results  from  nuclear 
or  infranuclear  lesions  of  the  sacral  cord,  cauda  e(|uina  or  sacral  plexus  with 
interruption  of  both  afferent  and  efferent  fibers  of  the  reflex  arc.  There 
is  absence  of  normal  voluntary  or  reflex  micturition.  Sensation  is  abol- 
ished.   Examples  of  this  type  are: 

A.  Traumatic  lesions  of  lumbosacral  spine:  sacral  segments,  conus, 
cauda  equina. 

B.  Inflammatory  lesions:  intra  and  extradural  abscess,  chronic  arach- 
noiditis, sacral  radiculitis. 

C.  Neoplasm:  sacral  cord,  hj'pogastric  plexus. 

D.  Congenital  anomalies:  myelomeningocele,  spina  bifida  with  in- 
volvement of  cauda. 

E.  Spinal  anesthesia. 

4.  The  atonic  neurogenic  bladder.  This  results  from  lesions  of  the 
posterior  sacral  roots  with  interruption  of  the  afferent  fibers  of  the  reflex 
arc.  There  is  ab.sence  of  normal,  voluntary  or  reflex  micturition.  Sensa- 
tion is  abolished.  Examples, 

A.  Tabes  donsalis 

B.  Certain  cases  of  pernicious  anemia  and  multiple  sclerosis 
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C.  Diabetes 

D.  Syringomyelia 

E.  Progressive  muscular  atrophy 

F.  Spinal  shock  (acute  traumatic  mj'-elitis) 

G.  Hj'steria 

One  must  remember  that  there  are  instances  of  myogenic  vesical  dys- 
function which  simulate  and  must  be  differentiated  from  the  true  neuro- 
genic bladders. 

Cases  of  hypotonic  and  atonic  neurogenic  bladders  have  been  treated 
by  transurethral  resection  with  unusually  good  end  results.  We  have  had 
a  number  of  these  cases  at  this  hospital.  Similar  cases  have  also  formed 
the  subject  of  an  interesting  paper  by  Emmet  (3).  The  underlying 
principle  is  to  remove  any  obstruction  at  the  bladder  neck  or  in  the  urethra 
no  matter  how  minimal  it  may  appear  on  cystoscopic  examination.  Even 
a  normal  internal  sphincter  may  be  resected.  The  purpose  of  this  pro- 
cedure is  to  allow  the  weak  bladder  detrusor  with  the  aid  of  intra  abdom- 
inal pressure  to  expel  the  bladder  contents  through  the  least  possible 
resistance.  One  need  have  no  fear  of  incontinence  after  such  properh' 
performed  resections,  provided  there  is  no  true  prior  incontinence.  True 
incontinence  signifies  loss  of  external  control  and  a  loss  of  urine  from  the 
bladder  as  fast  as  it  enters  the  organ.  These  ca.ses  show  no  residual  urine. 
The  paradoxical  or  overflow  incontinence  ca.ses  are  incontinent  in  the 
presence  of  residual  urine. 

The  following  case  of  atonic  neurogenic  bladder  is  reported  for  its  un- 
usual clinical  features  as  well  as  for  the  excellent  result  that  followed 
tran.surethral  resection. 

CASE  REPORT 

History  (Adm.  463774)-  M-  T.,  a  sixty-three  j'ear  old  man  was  admitted  to  The 
Mount  Sinai  Hospital  September  18,  1940  complaining  of  lower  abdominal  distension 
and  urinary  retention.  For  over  fifteen  years  he  felt  that  he  could  not  empty  his 
bladder  and  had  to  press  on  his  abdomen  suprapubically  in  order  to  pass  urine.  This 
urinarj-  difficulty  dated  back  to  1925  when  he  was  admitted  to  the  neurological  ser%ace 
of  this  hospital  with  a  ten  weeks'  history  of  weakness  of  the  left  lower  extremity, 
urinary  difficulty  and  frequency.  General  physical  examination  at  that  time  showed 
no  abnormality.  Neurological  examination  (1925)  revealed  the  following:  Cranial 
nerves,  normal.  Gait,  spastic.  Romberg  sign,  positive.  Motor:  Upper  extremi- 
ties, normal;  lower  extremities,  hypertonic,  the  left  more  than  the  right :  heel-to- 
knee  test  impaired.  Reflexes:  Upper  extremities,  normal;  lower  extremities,  hyper 
active  knee  and  ankle  jerks ;  Babinski  sign  present  on  the  right  side ;  lower  abdominals 
absent.  Sensory:  Hyperalgesia  on  the  left  side  D4  to  D7  and  on  the  right  side  D4 
to  D5;  touch,  normal;  impaired  position  sense  in  both  feet:  impaired  vibration  sense 
over  left  malleolus.  Cerebrospinal  fluid  examinations,  normal  in  every  respect. 
Blood  Wasserman  reaction,  negative.  Cj^stoscopic  examination,  no  abnormality 
in  the  bladder  neck  or  posterior  urethra.  Residual  urine,  not  tested.  It  was  the 
con.sensus  of  opinion  at  that  time  that  this  patient  suffered  from  a  spinal  cord  tumor, 
although  one  of  the  neurologists  felt  that  the  patient  had  degenerative  disease  of  the 
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spinal  cord.  Operation  for  spinal  cord  tumor  was  advised  but  the  patient  refused  and 
left  the  hospital  against  advice. 

His  present  complaints  of  urinary  retention  with  over  1000  cc.  of  residual  cloudy 
urine  dated  back  for  several  weeks.  This  large  infected  residual  urine  was  found  in 
the  course  of  investigation  for  the  presence  of  a  low  grade  fever. 

Examination.  The  general  physical  status  failed  to  show  any  gross  abnormality 
except  for  a  distended  lower  abdomen.  Catheterization  of  the  bladder  yielded  26 
ounces  of  turbid,  purulent  residual  urine. 

Neurological  examination  (Sept.  19, 1940  by  Dr.  M.  Bender)  disclosed  the  following 
positive  findings:  Gait:  Spastic,  ataxic,  broad  based  and  favoring  the  left  leg. 
Coordination:  Impaired  heol-to-knee  test.  Reflexes:  Hyperreflexia  of  both  lower 
extremities.  Bilateral  Babinski,  Chaddock,  Rossolimo,  Mendel-Bechterew  signs. 
Lower  abdominal  reflexes  were  absent.  Motor  power:  Paraparesis  with  the  left 
more  so  than  the  right.  Sensation:  Vibration  sense  lost  at  and  below  both  iliac 
crests.  Position  sense  impaired  in  both  feet.  Temperature  sense  involved  below 
Dll  on  the  right  side.  Left  side  less  involved.  Pain  sense  involved  same  distribu- 
tion as  temperature  but  to  a  lesser  degree.  Cerebrospinal  fluid.  Manomctric 
studies  and  other  examinations  were  normal. 

It  was  the  opinion  of  Dr.  Bender  that  this  patient  suffered  from  intramedullary 
cord  disease  with  the  highest  level  at  D7.  Since  this  patient's  main  complaint  was 
that  of  urinary  difficulty,  other  studies  were  performed.  The  blood  urea  nitrogen, 
complete  blood  count,  blood  pressure  and  the  upper  urinary  tract  on  both  sides  were 
normal.  Cystometry  revealed  a  markedly  atonic  bladder  muscle.  There  was  no 
sensation  of  bladder  fullness  or  pressure  after  introducing  over  700  cc.  of  water  into 
the  bladder.  With  this  amount  there  was  no  rise  in  intravesical  pressure  above  the 
base  line. 

Cystoscopy  showed  a  trabeculated  bladder  wall,  slight  inverted  "V"  formation  at 
the  anterior  sphincter  margin  and  very  slight  intrusion  of  the  lateral  lobes  of  the 
prostate  intraurethrally. 

Operation  (September  25, 1940) .  A  bilateral  vasectomy  was  performed  followed  by 
a  transurethral  resection  with  the  removal  of  10  grams  of  tissue  from  the  bladder  neck 
and  urethra.  This  tissue  was  reported  by  the  laboratory  as  "fragments  of  fibro- 
adenoma of  the  prostate." 

Course.  The  indwelling  catheter  was  removed  after  several  days.  He  was  given 
Doryl  by  mouth  and  injection.  He  voided  in  varying  amounts  but  there  remained 
a  residual  urine  of  10  to  15  ounces. 

Operation  (October  3,  1940).  A  second  transurethral  resection  was  performed 
under  spinal  anaesthesia  and  an  additional  11  grams  of  tissue  were  removed  from  the 
sphincter  and  posterior  urethra. 

Course.  After  removal  of  the  indwelling  urethral  catheter  the  patient  voided 
more  easily  than  he  had  for  years.  He  was  discharged  from  the  hospital  October  11, 
1940  for  further  treatment  at  the  office.  His  residual  urine  droi)ped  to  less  than  one 
ounce.  When  he  voided  he  passed  a  good  stream  which  was  interrupted  and  was 
dependent  for  its  force  upon  the  pressure  of  tlic  abdominal  wall  musculature.  With 
the  use  of  sulfonamide  medication  his  pyuria  cleared  up  and  the  urine  became  crystal 
clear.  At  the  present  time  he  voids  every  three  and  four  hours  during  the  day  and 
once  or  twice  at  night.    There  is  no  residual  urine. 

SUMMARY 

A  case  of  hypotonic  neurogenic  bladder  due  to  intramedullary  .spinal  cord 
disease  was  presented.  After  transurethral  resection  of  the  bladder  neck 
and  posterior  urethra,  the  residual  urine  dropped  from  over  700  cc.  to  less 
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than  30  cc.  Although  voiding  is  mainl}'  accomplished  by  the  use  of  intra- 
abdominal pressure,  he  is  able  to  empt}'  his  bladder  and  his  pyuria  has 
disappeared. 

CONCLUSIONS 

Neurogenic  disturbances  of  the  bladder  are  more  readily  diagnosed  today 
with  the  increased  knowledge  of  bladder  neurophysiology. 

Atonic  neurfjgenic  bladders  with  residual  urine  can  be  treated  success- 
fully by  transurethral  resection. 
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DYNAMICS  OF  SYMPTOM  PRODUCTION  IN 
SPLENOMEGALY 


RAPHAEL  ISAACS,  A.M.,  M.D. 
[Chicago,  Illinois] 

In  a  review  of  250  case.s  in  which  splenomegaly  was  an  outstanding 
feature,  the  occurrence  of  ceitain  remote  .symptoms  was  more  frecjuent 
than  one  would  have  expected  from  chance  alone.  In  these  patients,  in- 
cluding examples  of  most  of  the  common  causes  of  splenomegaly,  75  per 
cent  complained  of  general  weakness;  58  per  cent  of  dizziness,  (probably 
giddiness  rather  than  true  dizziness);  headache,  51  per  cent;  constipation, 
35  per  cent;  pain  in  the  left  upper  (juadrant,  35  per  cent;  vomiting,  25  per 
cent;  nau.sea,  35  per  cent;  cough,  25  per  cent;  palpitation,  25  per  cent; 
feeling  of  fulness  in  the  left  upper  ([uadrant,  25  per  cent;  abdominal  dis- 
comfort, 22  per  cent;  dragging  feeling  in  left  upper  quadrant,  21  per  cent; 
mid-epigastric  pain,  20  per  cent;  anorexia,  15  per  cent;  fever,  12  per  cent; 
jaundice,  1 1  per  cent;  pain  on  deep  inspiration,  pain  in  left  shoulder,  pain  in 
left  side  of  the  chest,  symptomatology  in  the  chest,  but  with  a  "negative" 
chest  x-ray  study,  tender  spleen  and  pain  in  the  "back",  each  10  jjcr  cent. 
Eight  per  cent  of  the  patients  showed  one  or  more  of  the  following:  pain  in 
the  left  leg,  discomfort  in  certain  positions,  night  sw(>ats,  hemorrhoids, 
chills,  "buzzing  in  the  ears".  Of  the  following,  one  or  more  was  present  in 
six  per  cent  of  the  individuals:  pain  in  the  right  upper  quadrant,  diarrhea, 
cough,  without  extensive  sputum  production,  gastrointestinal  upsets, 
difficulty  in  bending,  tenderness  of  the  trapezius  muscles,  or  dysphagia.  A 
few  patients  (about  4  per  cent)  showed  left  otitis  media,  soreness  of  the 
inner  surface  of  the  left  thigh,  "tightness"  of  the  left  knee,  productive 
cough,  pain  in  the  abdomen,  worse  after  eating,  swollen  left  testicle, 
tenderness  of  the  left  deltoid  muscle,  friction  rub  in  the  left  axilla,  pain  in 
the  left  arm,  vi.sual  disturbances,  or  the  left  pupil  smaller  than  the  I'ight. 

While  many  of  these  sj'mptoms  appeared  to  be  lelated  to  the  associated 
disease,  and  especially  to  anemia  or  myocardial  in.sufficiency,  the  presence 
of  the  same  symptom  under  the  most  diverse  contlitions  suggested  an 
underlying  mechanism  associated  with  the  location  and  physiology  of  the 
spleen  itself. 

The  location  and  innervation  of  the  spleen  are  factors  in  symptom  pro- 
duction when  the  organ  is  enlarged. 

The  normal  spleen  is  suspended  in  the  upper  left  corner  of  the  abdomen, 
in  contact  with  the  diaphragm  on  its  outer  and  upper  surface,  lateral  to  the 
region  of  the  cardiac  apex.    It  is  suspended  by  filmy  bands,  attached  to  the 
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stomach,  diaphragm  and  colon.  ^Mien  the  spleen  is  enlarged,  the  ad- 
hesions to  the  diaphragm  may  become  more  extensive,  involving  the 
central  as  well  as  the  lateral  area  of  this  organ.  ThLs  feature  is  important 
in  the  production  of  certain  symptoms.  Occasionally  the  suspensory 
ligaments  are  stretched  or  elongated,  and  the  spleen  may  descend,  even 
into  the  pelvis. 

The  position  of  the  enlarged  spleen  accounts  for  some  symptoms.  There 
ma  J'  be  a  feeling  of  fulness  after  the  ingestion  of  a  small  amount  of  food,  and 
pressure  on  the  colon  and  intestines  may  be  factors  in  the  production  of 
constipation  or  diarrhea.  The  upward  displacement  of  the  diaphragm 
causes  the  cardiac  apex  to  deviate  to  the  axillary  line,  especially  when  the 
patient  is  lying  down.  The  patient  may  be  conscious  of  his  heart  beat; 
there  may  be  precordial  pounding  or  palpitation  and  occasionally  dyspnea. 
There  may  be  an  actual  limitation  in  the  movement  of  the  diaphragm,  with 
reduction  in  the  vital  capacity.  The  displaced  apex,  with  dyspnea  and  a 
hemic  murmur  from  associated  anemia,  often  leads  to  a  diagnosis  of  a 
cardiac  lesion. 

A  grossly  enlarged  spleen  may  cause  congestion  of  the  abdominal  or  leg 
vessels  by  direct  pressure.  ThLs  may  result  in  pain  in  the  left  leg  and 
edema. 

The  diagnosis  of  enlarged  spleen  is  best  made  by  direct  percussion  with 
the  fiat  surface  of  the  middle  finger  of  the  right  hand.  The  skin  is  struck 
directly  and  the  change  in  vibration  in  passing  from  the  air  containing  lung 
to  the  duller  area  of  the  spleen  is  noted.  Too  great  an  area  is  set  in  vibra- 
tion when  the  usual  method  of  percussion  is  used  (middle  finger  of  the  left 
hand  in  contact  with  the  chest;  finger  of  the  right  hand  used  as  percussion 
hammer) . 

With  the  direct  percussion,  two  t\'pes  of  individuals  are  noted.  In  one 
the  reflection  of  the  spleen  on  the  body  wall  is  9  cm.  in  its  greatest  length, 
in  the  other  it  Is  11  to  13  cm.  It  wiW  be  found  that  normally  the  former 
size  is  found  in  men  with  hairy  chests,  whereas  the  larger  type  is  found  in 
the  so-called  th^Tnico-hmphatic  type.  The  normal  for  one  tA-pe  is  patho- 
logical for  the  other  type. 

It  is  probably  not  wise  to  "dig"  for  the  spleen.  When  it  is  enlarged  it 
can  be  detected  by  approaching  the  splenic  area  from  the  surrounding 
region,  merely  indenting  the  skin  with  the  finger  tips.  The  spleen  oc- 
casionally appears  to  recede  after  it  is  palpated.  This  may  be  the  result  of 
changing  its  position  or  of  contraction  (possibly  associated  with  a  change 
in  the  blood  content,  the  involuntary'  muscle  fibers  of  the  human  spleen 
being  mostly  in  the  blood  vessels). 

The  spleen  may  be  enlarged  to  two  or  three  times  the  normal  volume 
and  four  times  the  average  weight  \\-ithout  being  palpable.  A  palpable 
spleen  is  not  always  enlarged.    It  may  be  pushed  down  by  a  low  diaphragm. 

The  innervation  of  the  spleen  is  important  from  the  point  of  view  of 
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sj'mptom  production.  While  the  sploon  itself  is  insensible  to  pain  stimuli, 
pain  is  often  referred  to  this  region.  The  sympathetic  nerves  of  the  spleen 
arise  from  the  thiid  to  the  tenth  thoracic  segments.  The  vascular  in- 
nervation is  from  fibers  from  the  third  to  the  twelfth  thoracic  and  the  first 
to  the  fourth  lumber  segments,  through  the  semilunar  (celiac)  ganglion. 
Fibers  from  the  vagus  also  enter  th(>  spleen  (fig.  1). 

These  fibers  constitute  the  intrinsic  innervation  of  the  spleen,  but  an  ad- 
ditional group  outside  of  the  spleen  are  affected  when  the  oi-gan  is  enlaiged. 
Through  its  attachment  to  the  outer  part  of  the  diaphragm,  the  local  inter- 
costal nerves  are  involved.    When  the  spleen  enlaiges,  the  central  part  of 


the  diaphragm,  innervated  by  the  phrenic  nerve  from  the  third,  fourth  and 
fifth  cervical  segments,  is  involved.  Some  of  the  fibers  of  the  phrenic 
nerve  run  to  the  outer  part  of  the  diaphragm. 

The  symptoms  which  can  arise  from  direct  stimulation  of  the  nerves  or 
from  "referred"  or  "reflex"  action  are  many  (Pottcnger  (4)). 

When  the  spleen  enlarges,  the  constant  irritation  of  the  segments  of  the 
spinal  cord  with  which  the  nerves  are  associated,  causes  the  other  nerves 
from  these  regions  to  be  "hyper-sensitive".  Thus  the  intercostal  nerves  of 
the  region  register  tenderness  referred  to  the  skin  of  the  lower  left  part  of 
the  chest.  Through  the  phrenic  fibers,  the  cervical  cord  becomes  sensi- 
tized, and  the  skin  of  the  left  shoulder  and  sternal  region  show  tender 
points  (fig.  2).    There  may  be  pain  in  the  left  shoulder,  present  in  25  pa- 
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tients  in  our  series.  In  one  patient,  with  chronic  myelogenoas  leukemia,  it 
was  limited  to  an  area  about  2.5  cm.  in  diameter  over  the  anterior  surface  of 
the  deltoid.  It  was  dull  and  continuous  in  character  and  not  aggravated 
on  motion  of  the  shoulder  joint.  This  pain  was  a  source  of  great  discom- 
fort and  repeated  x-ray  studies  failed  to  show  any  bone  or  arthritic  involve- 
ment. Local  applications  were  ineffective,  but  the  pain  subsided  upon  re- 
duction in  the  size  of  the  spleen  with  x-ray  therapy. 

Areas  of  referred  pain  may  be  in  the  cervical  region,  over  the  trapezius 
muscle,  in  the  epigastrium  and  in  the  lower  costo-vertebral  region  pos- 
teriorly. 

Through  the  vagus  pathways,  the  nucleas  of  the  vagus  may  become 
hypersensitive,  as  well  as  the  associated  nuclei  (fifth  nerve).  Dizziness  or 
giddine-ss  may  be  a  symptom  (145  patients),  as  well  as  nausea  (87  cases) 


Fig.  2.  Tender  areas  (shaded)  in  enlargement  of  the  spleen  with  involvement  of 
the  diaphragm. 

and  vomiting  (62  cases),  headache  (78  cases)  and  cough  (63  cases).  In 
these  cases  it  had  been  assumed  that  the  symptoms  were  secondary  to  some 
unkno\\-n  feature  of  the  underlying  disease.  In  patients  with  anemia  one 
would  think  of  some  chemical  disturbance  associated  with  an  oxygen  de- 
fect, but  the  presence  of  some  of  these  symptoms  in  non-anemic  individuals 
suggests  the  role  of  the  "referred  symptoms"  on  a  basis  of  the  type  of  in- 
nervation. Foei-ster  was  able  to  produce  nausea  and  vomiting  when  he 
stimulated  the  central  ends  of  the  cut  vagus,  below  the  diaphragm. 

While  the  basis  of  the  symptoms  of  feeling  of  fulness  in  the  left  upper 
quadrant,  pain  and  a  dragging  sensation  in  this  region  would  at  first  seem 
self-evident,  yet  the  absence  of  sensation  in  the  spleen  itself,  and  its  total 
lack  of  pain  when  stimulated,  suggests  that  these  may  be  a  referred  basis 
for  these  sensations.  Similarly  25  patients  at  some  time  in  their  disease 
showed  enough  symptoms  attracting  the  attention  to  the  chest,  to  have  an 
x-ray  examination,  \nthout,  however,  any  positive  lesions  being  found. 
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The  acute  pain  associated  witli  splenic  hemorrhage  or  infarction  is 
usually  attributed  to  stretching  of  the  capsule  or  to  peritoneal  involve- 
ment. The  mechanism  must  be  of  a  "referred"  type,  as  is  noted  when 
there  is  skin  tenderness  over  inflammed  abdominal  viscera. 

A  rather  curious  feature  was  the  presence  of  otitis  media  in  10  individ- 
uals with  splenomegaly,  the  ear  involved  being  on  the  left  side  in  each 
case.  (Five  other  similar  cases,  not  in  this  series,  have  been  noted.) 
It  is  not  known  whether  this  was  a  chance  occurrence,  or  whether  it  is 
secondary  to  changes  in  the  nerves  associated  with  the  vagus.  Alvarez 
(1)  noted  that  when  a  surgeon  accidentally  injures  one  of  the  vagus  trunks, 
the  patient  will  feel  pain  in  the  skin  about  the  ear,  and  he  observed  it  in 
patients  with  gastric  hemorrhage  and  in  one  with  cholecystitis.  Cases  of 
this  type  are  cited  by  Rasdolsky  (2).  Whether  referred  pain  led  to  para- 
centesis, and  this  to  otitis  media,  or  whether  there  is  some  other  relation,  is 
not  known. 

Thus  it  is  possible  that  manj'  of  the  symptoms  in  patients  with  a  large 
spleen  may  be  of  the  "referred"  type,  associated  with  the  nerves  leading  to 
and  from  the  spleen  and  surrounding  structures.  The  great  variation  in 
the  conditions  in  the  different  patients  may  account  for  the  different  de- 
grees of  symptom  production,  from  no  symptoms  to  those  of  the  most 
peculiar  type.  Some  symptoms  which  have  been  attributed  to  the  under- 
lying disease  may  thus  have  their  origin  in  the  innervation  of  the  spleen  or 
its  surroimding  structures. 
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AN  EARLY  CASE  OF  HORSESHOE  KIDNEY  (THOMAS  BARTH- 

OLINUS,  1659) 


SAUL  JARCHO,  M.D. 

[Department  of  Pathology,  College  of  Physicians  &  Surgeons,  Columbia  University, 

New  York,  New  York] 

The  brief  case  report  reproduced  herewith  is  notable  for  the  excellence  of 
its  illustration  and  for  the  engaging  naivete  of  its  text.  Moreover  it  also 
affords  instructive  retrospect  toward  those  early  days  when  pathological 
anatomists  were  occupied  with  the  more  obvious  and  impressive  gross 
lesions,  especially  malformations. 

The  fine  details  of  the  illustration  attract  the  reader's  attention  at  once. 
Quite  evidently  the  specimen  was  dissected  with  great  care,  each  arterial 
and  venous  branch  having  been  identified  and  followed  to  the  end.  A 
twentieth-century  anatomist  could  have  done  no  better. 

The  illustration  depicts  a  familiar  variety  of  horseshoe  kidney.  The 
two  halves,  not  quite  equal  in  size  and  shape,  are  joined  at  the  lower  pole 
by  a  mass  of  renal  tissue  situated  immediately  cephalad  to  the  aortic 
bifurcation.  The  isthmus  receives  an  arterial  twig  from  the  aorta  and  is 
drained  by  a  small  vein  which  enters  the  left  iliac  vein.  The  two  renal 
pelves  are  separate  and  emerge  ventrally. 

The  structures  marked  !M  and  N  are  called  "Capsulae  atrabiliariae 
minores",  which  can  be  translated  "accessory  adrenal  glands".  These 
may  be  lymph  nodes  or  may  represent  chromaffin  tissue  similar  to  the  so- 
called  organs  of  Zuckerkandl  (Anat.  Anz.,  Erganzungsh  19:  95-107,  1901). 

This  case  report  was  originally  published  by  Thomas  Bartholinus  in  his 
Historiarum  Anatomicamm  Centuriae,  printed  at  the  Hague,  1659.  The 
case  and  the  illustration  were  published  again  in  1726  by  Gerard  Blasius  in 
his  revised  edition  of  Lorenzo  Bellini's  book  on  the  kidney.  For  those  who 
may  be  interested  to  pursue  the  subject  further  I  have  added  a  brief  list  of 
publications  dealing  with  early  cases  of  renal  anomaly. 

UNUSUAL  CONFORMATION  OF  THE  KIDNEYS  AND 
ATRABILIARY  CAPSULES 

I  would  not  include  woman  among  the  monstrosities.  Aristotle  called 
woman  an  aberration  of  Nature.  Others  deny  that  women  are  human.  All 
men  who  hold  such  opinions  are  unjust  to  the  opposite  sex.  Tet  Nature  often 
plays  tricks  upon  womankind,  especially  in  the  organs  of  gestation.  In 
the  cadaver  of  a  woman  of  Padua  dissected  in  164J  we  observed  a  rare  con- 
formation of  the  kidneys  and  atrabiliary  capsules.  The  kidneys  (/,  K)  on 
either  side  were  situated  in  the  customary  place  but  had  grown  together  {L) 
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aiove  the  iliSc  bifurcation  (^).  The  pelvis  (0)  of  each  ureter  (P)  was  clearly 
visible  beyond  the  kidney,  and  emerged  in  three  parts.  The  atrabiliary 
capsules  were  four  in  number.  The  upper  right  capsule  (C)  was  triangular, 
the  left  (D)  was  square;  the  two  lower  capsules  {M,  N)  were  round,  globular, 
and  unequal,  and  received  arteries  (h)  from  the  trunk  and  veins  from  the 
emulgent  vein  (H).  The  number  of  emulgent  veins  was  unusual.  The  right 
emulgent  vein  was  triple  {G,f,  g)  but  small;  that  on  the  left  (H)  was  thicker 
but  split  into  three  parts  before  entering  the  kidney.  The  right  emulgent 
artery  (E)  was  double,  the  left  artery  (F)  was  single  but  likewise  divided 
before  insertion.  The  right  spermatic  vein  {k)  arose  from  the  main  trunk, 
divided  near  the  middle  and  united  again.    The  left  spermatic  vein  {m)  arose 
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T  Mitrn  fji/.K  ^iiinml^iMt  jtnijird. 
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0  tmul^tni  V(tu  dtxifi  ftnr.jt. 
f  l.mtl^aii  yciiin.tj. 
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L  RtnlstlilufiutieiKmfu  f  K. 
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conspicuously  by  a  double  origin  from  the  left  emulgent  vein  (H).  There 
were  no  spermatic  arteries.  A  single  branch  (I)  passed  from  the  junction  of 
the  kidneys  (L)  downward  to  the  iliac  branch. 

In  order  to  show  these  things  more  clearly,  I  have  decided  to  place  the  details 
before  your  eyes  in  the  accompanying  picture. 
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THE  NEURO-PSYCHIATRIC  :\IAXIFESTATIOXS  OF  VITAMIN 

DEFICIENCIES* 

XORMAN  JOLLIFFE,  M.D. 

[From  the  Department  of  Medicine,  New  York  University  College  of  Medicine;  and  the 
Medical  Service  of  the  Psychiatric  Division,  Bellevue  Hospital,  New  York] 

It  is  now  accepted  that  normal  functioning  of  the  nervous  system  is 
dependent,  among  other  things,  upon:  1)  An  adequate  carbohydrate 
substrate;  2)  An  adequate  supph'  of  oxygen;  and  3)  Intact  enzyme  and 
co-enzyme  systems. 

It  is  known  that  a  deficiency  of  any  of  these  essential  factors  may  lead 
directly  or  indirectly  to  a  neuro-psychiatric  disorder.  The  mental  con- 
fusion in  hypoglycemia,  progressing  to  excitement,  stupor,  coma  and 
convulsions,  is  a  well  known  syndrome  caused  by  disturbances  in  the 
carbohydrate  substrate.  The  mental  confusion  in  anoxemia,  whether 
induced  experimentally  or  by  high  altitude,  anemia,  or  heart  disease,  is 
also  a  well  known  I'esult  of  oxygen  deficiency.  The  psj'choses  of  pellagra 
and  the  polyneuropathy  of  beriberi  are  classic  examples  of  deficiencies  in 
enzyme  and  co-enzyme  systems. 

During  the  past  decade  vitamin  deficiency  has  often  been  looked  for  and 
nearh'  as  often  found  in  many  neuro-p.sychiatric  disorders.  It  must  be 
emphasized,  however,  that  the  mere  finding  of  a  vitamin  deficiency  con- 
current with  a  disease  does  not  indicate  that  this  deficiency  is  the  cause 
of  the  original  disease.  Secondary  or  "conditioned"  vitamin  deficiencies 
should  be  clearly  distinguished  from  the  original  or  primary  disease,  other- 
wise utter  confusion  will  result.  It  is  probable  that  secondary  deficiencies 
constitute  a  larger  problem  in  neuro-psychiatry  than  primary  deficiencies. 

Almost  every  vitamin  has  been  credited  with  a  role  in  the  maintenance 
of  a  normal  nervous  S3^stem.  The  more  important  of  these  are  thiamin, 
nicotinic  acid,  riboflavin,  pyridoxine,  and  alpha-tocophei"ol,  yet  only 
thiamin  and  nicotinic  acid  have  been  related  clinicallj'  in  a  definite  causal 
role  to  neuro-psychiatric  syndromes  in  man. 

THIAMIN  DEFICIENCY 

Deficiency  of  thiamin  leads  progressively  to  a  neurasthenic  syndrome, 
then  to  involvement  of  the  peripheral  nerves  and  spinal  cord,  and  finally  to 
involvement  of  the  midbrain  and  neighboring  structures.    The  human 

*  Read  before  the  Section  of  Medicine,  New  York  Academy  of  Medicine,  January 
21,  1941. 
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ictiuireinent  of  vitamin  Bi  has  been  gauged  by  tlie  minimal  amount  neces- 
sary to  prevent  polyneuropathy.  Compared  to  the  lequirement  of  the 
peripheral  nerves  it  is  probable  that  larger  amounts  of  thiamin  are  neces- 
saiy  to  prevent  a  neurasthenic  syndrome  while  smaller  amounts  are 
probably  sufficient  to  maintain  normal  function  of  the  midbrain  nuclei. 

The  experimental  production  of  isolated  thiamin  deficiency  in  human 
subjects  indicates  that  a  neurasthenic  .syndrome  is  the  earliest  evidence  of 
thiamin  deficiency  in  man.  The  work  of  Williams,  Mason,  Wilder,  and 
Smith  (1)  at  the  Mayo  Clinic,  who  confirmed  and  extended  the  work  of 
Jollitfe,  (Joodhart,  Gennis  and  Cline  (2)  at  Bellevue  Hospital,  indicates 
that  thiamin  deficiency  is  one  of  the  factors  capable  of  producing  a  neur- 
asthenic sj'ndrome  in  susceptible  individuals. 

For  several  years  I  have  been  cognizant  of  neurasthenia  in  i)atients 
having  the  objective  signs  of  vitamin  Bi  deficiency.  I  have  usually  at- 
tril)uted  the  neurasthenic  symptoms  to  an  abnormal  psyche  which,  lead- 
ing to  further  dietary  restrictions,  resulted  finally  in  the  development  of  the 
objective  signs.  I  still  believe  this  to  be  the  course  in  many  such  patients. 
However,  adequate  treatment  of  the  deficiency  was  followed  in  certain 
instances  not  only  by  disappearance  of  the  objective  signs  but  also,  of  the 
neurasthenic  syndrome.  I  then  applied  the  therapeutic  regimen  of  dietary 
correction  with  vitamin  supplements  rich  in  the  entire  B-complex  and 
thiamin  hydrochloride  to  patients  having  the  neurasthenic  syndrome  with- 
out objective  signs  of  vitamin  deficiency.  ]\Iany  of  these  patients  were 
helped.  The  improvement  was  attributed  at  first  to  better  nutrition  plus 
the  psychotherapy  of  .such  a  regimen.  Not  until  W^illiams  et  al.  (1)  re- 
produced the  characteristic  neurasthenic  .synch'ome  in  a  well-controlled 
experiment  of  induced  i.solated  thiamin  deficiency  in  noi-mal  human  sub- 
jects have  I  been  willing  to  consider  it  a  direct  manifestation  of  vitamin 
Bi  deficiency.  It  .should  not  be  inferred,  however,  that  all  neurasthenia  is 
based  on  thiamin  deficiency.  Such  is  definitely  not  the  case.  Almost  any 
agent  causing  the  triad  of  anorexia,  fatigue,  and  disturbances  of  sleep,  if 
not  relieved,  will,  in  .susceptible  persons,  further  the  development  of  other 
neurasthenic  .symptoms.  Nevertheless,  the  incidence  of  neurasthenia 
caused  by  vitamin  deficiency  may  be  larger  than  is  now  commonly  believed. 

Pathological  alterations  in  the  peripheral  nerves  have  been  more  gener- 
ally accepted  as  manifestations  of  thiamin  deficiency.  At  first  only  the 
polyneuropathy  of  beriberi  was  proved  to  be  a  vitamin  Bi  deficiency  and 
was  believed  to  be  rare  in  the  Western  world.  Then  in  succession  many  of 
the  .symmetrical  poh^neuropathies  often  seen  in  this  country  and  in  Europe 
were  proved  to  be  due  to  a  nutritional  deficiency  similar  in  every  way  to 
that  underlying  the  polyneuropathy  of  Oriental  beriberi.  The.se  poly- 
neuropathies occur  in  as.sociation  with  alcoholism,  pregnancy,  cachexia, 
pellagra,  hyperthyroidism,  chronic  gastrointestinal  dysfunction,  diabetes, 
and  postoperative  nutritional  disturbances.    Almost  all  authorities  concur 
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in  this  viewpoint.  There  is  some  disagreement  (3),  however,  as  to  whether 
thiamin  deficiency  alone  will  produce  a  polyneuropathy  in  man,  or  whether 
a  deficiency  of  some  other  vitamin  must  exist  as  well.  The  latter  point  of 
view  has  recently  received  support  in  the  work  of  Williams  et  al.  who  were 
unable  to  produce  unequivocal  objective  evidence  of  polyneuropathy  in  a 
group  of  six  women.  These  subjects  were  maintained  at  room  rest,  with 
diets  deficient  in  thiamin  only  (containing  50  I.U.  per  day)  for  a  period  of 
88  daj^s.  In  addition  to  a  neurasthenic  syndrome  some  of  these  subjects 
developed  such  symptoms  as  burning  of  the  soles  of  the  feet  and  numbness 
of  the  legs,  and  such  signs  as  calf  muscle  tenderness  and  depressed  tendon 
reflexes.  This  evidence  is  suggestive,  but  not  proof,  of  peripheral  nerve 
involvement.  It  is  possible,  however,  that  had  the.se  women  been  placed 
under  metabolic  strain  these  signs  suggestive  of  polyneuropathy  would 
have  developed  into  definite  ones. 

The  fact  that  diets  deficient  in  thiamin  are  almost  certainly  deficient  in 
other  fractions  of  the  vitamin  B-complex  has  been  used  as  an  argument 
against  the  thiamin-deficiency  genesis  of  nutritional  polyneuropathy.  The 
mere  fact,  however,  that  other  B- vitamin  deficiencies  may  be  coinci- 
dentally  latent  or  even  manifest  does  not  negate  the  close,  consistent 
parallelism  between  thiamin  deficiencj^  and  polyneuropath3\  Many 
patients  having  pellagra  have  associated  polyneuropathy.  The  stoma- 
titis of  this  disease  may  be  dramatically  cured  by  nicotinic  acid  while  the 
polyneuropathy  remains  unchanged.  Conversel.y,  the  polyneuropath}' 
may  be  improved  by  thiamin  and  the  stomatitis  remain  unimproved. 
We  (4)  have  studied  several  subjects  having  simultaneous  deficiencies  of 
thiamin,  riboflavin,  and  nicotinic  acid.  When  the  patients  were  main- 
tained on  a  basal  diet  inadequate  in  the  entire  vitamin  B-complex,  the 
specific  clinical  signs  of  each  deficiency  could  be  made  to  disappear  separ- 
ately hy  administration  of  the  indicated  specific  vitamin.  It  is  important 
to  point  out,  however,  that  the  patients  were  not  cured  completel.y  until 
the  entire  vitamin  B-complex  and  a  good  diet  had  been  administered. 

The  clinical  picture  of  "nutritional"  poly  neuropath}',  although  somewhat 
varied,  is  almost  always  preceded  by  a  neurasthenic  syndrome.  Neuro- 
logic examination  during  the  neurasthenic  stage  discloses,  as  a  rule,  no 
abnormal  signs.  Soon,  however,  plantar  hyperesthesia  and  calf  muscle 
tenderness  develop,  both  significant  objective  signs.  The  plantar  hyper- 
esthesia is  not  the  ordinary  tickling  sensation  usually  elicited  hy  scratch- 
ing the  plantar  surface  of  the  foot,  but  a  definite  hyperesthetic  pain  which 
is  manifest  and  unmistakable  in  the  facial  expression.  The  health}^  calf 
muscle,  if  squeezed  from  behind  so  as  not  to  include  the  tibia  in  the  grip, 
can  tolerate  considerable  pressure  before  pain  is  felt;  this  is  not  so  in  the 
presence  of  mild  vitamin  Bi  deficiency.  At  about  this  time,  too,  vibratory 
sensation  in  the  toes  becomes  diminished.  These  signs,  however,  are 
only  suggestive.    A  positi\-e  diagnosis  of  polyneuropathy  cannot  be  made 
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from  them  alone,  since  oirculatorv  disturbances  of  varying  etiolog;y  may 
cause  these  or  simihir  findings  (5).  However,  when,  in  ad(Htion  to  these 
signs,  tlie  ankh>  jerks  are  absent,  a  diagnosis  of  mild  polyneuropathy 
should  be  made.  By  this  time  the  plantar  hy])eresthesia  may  have  ex- 
tended so  that  there  is  "sock  dysesthesia."  \'ibratory  sensation  is  usually 
absent  in  the  toes  at  this  stage,  and  occasionally  may  be  absent  in  the 
malleoli  or  even  in  the  tibiae.  Position  sense,  as  a  rule,  is  intact  in  the 
toes,  although  a  few  mistakes  may  be  made  in  very  small  changes  in 
position. 

As  the  deficiency  progresses  to  the  development  of  moderate  polyneu- 
ropathy, knee  and  ankle  jerks  can  no  longer  be  elicited,  but  positive  signs 
are  still  limited  to  the  lower  extremities.  Impairment  of  position  sense 
in  the  toes  is  now  generally  definite,  and  vibratory  sensation  is  lost  over  a 
greater  area  than  before,  occasionally  even  up  to  and  including  the  pelvis. 
Some  atrophy  of  the  calf  muscles  may  be  evident.  Calf  tenderness  and 
"sock  dysesthesia"  persi.st.  Occasionally  "delayed"  plantar  hypere.s- 
thesia  exists.  Toe  drop  or  foot  drop  is  not  often  present  at  this  stage. 
The  gait  may  be  natural,  but  often  a  definite  abnormality  is  noted.  The 
burning  .sensation  in  the  soles  of  the  feet  with  diminished  position  .sense 
may  compel  these  patients  to  walk  carefully  as  if  barefoot  on  a  floor 
strewn  with  tacks. 

If  the  deficiency  continues,  the  upper  extremities  become  involved  so 
that  the  biceps  and  triceps  jerks  disappear.  "Glove  dysesthesia"  and 
loss  of  finger  dexterity  rapidly  develop.  Calf  muscle  atrophj'  is  now 
usually  marked,  toe  drop  and  foot  drop  are  also  plainly  evident,  and  wrist 
drop  soon  appears.  The  gait,  if  the  patient  is  able  to  walk,  is  by  now  of  the 
steppage  type.  Walking,  however,  is  as  a  rule  impossible  because  of  in- 
volvement of  the  central  ner\'0us  system  or  circulatory  system. 

The  neurologic  manifestations  of  vitamin  Bi  deficiency,  whether  in 
mild  or  severe  degree,  are  bilateral  and  symmetrical,  and  characteiistically 
involve  first  and  predominantly  the  lower  extremities.  Peripheral  neu- 
ritis that  involves  a  single  nerve,  or  that  is  not  bilateral  and  symmetrical, 
or  that  does  not  involve  first  and  predominantly  the  lower  extremities, 
is  not,  in  my  experience,  due  primarily  to  vitamin  Bi  deficiency.  Excep- 
tions can  probably  be  found  for  each  of  these  statements.  For  example, 
a  case  may  be  cited  of  a  man  crippled  by  hip  joint  disease  who  was  con- 
fined to  a  wheel  chair  which  he  propelled  with  his  arms.  Polyneuropathy 
occurred  first  and  predominantly  in  his  uj^per  extremities. 

Any  time  during  the  course  of  the  polyneuropathy  signs  of  midbrain 
involvement  may  appear,  such  as  ophthalmoplegia.  These  signs,  in  our 
(G)  experience  with  30  cases,  never  appear  in  the  absence  of  polyneurop- 
athy. They  are  usually  precipitated  by  a  period  of  delirium,  diarrhea, 
vomiting  or  fever.  These  precipitating  factors,  it  .should  be  noted,  are 
factors  which  simultaneously  increase  the  vitamin  reciuirement,  or  pre- 
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vent  its  absorption  from  the  gastrointestinal  tract.  In  addition  to  poly- 
neuropathy and  ophthalmoplegia  these  patients  usually  present  clouding 
of  consciousness  and  ataxia,  making  possible  the  clinical  diagnosis  of 
Wernicke's  disease.  In  general,  the  pathologic  change  is  confined  to  the 
periventricular  gray  matter  and  is  characterized  by  foci  of  degeneration 
and  varicose  deformities  of  the  blood  vessels.  Most  of  the  cases  reported 
occurred  in  association  with  alcoholism.  A  significant  number,  however, 
have  been  reported  (7)  in  non-alcoholics-,  particularly  in  association  with 
vomiting,  cachexia  and  severe  gastrointestinal  disease. 

Experimentally,  Alexander  (8)  produced  in  pigeons,  made  deficient  in 
thiamin,  brain  lesions  similar  to  those  found  in  man.  He  was  unable  to 
produce  this  lesion  in  pigeons  receiving  thiamin,  but  deficient  in  other 
vitamins. 

We  (6)  have  studied  30  cases  of  Wernicke's  disease,  three  of  which  were 
in  non-alcoholics.  From  these  studies  we  have  shown  that  the  ophthal- 
moplegia of  Wernicke's  disease  is  due  to  a  deficiency  of,  and  responds  to, 
thiamin.  The  clouding  of  consciousness  also  responds  to  thiamin  in  some 
instances,  but  not  to  nicotinic  acid.  At  other  times  it  responds  to  nicotinic 
acid,  but  not  to  thiamin.  On  still  other  occasions  it  will  respond  to  large 
doses  of  the  entire  vitamin  B-complex,  but  not  to  nicotinic  acid  and 
thiamin.  In  some  cases  it  is  apparently  irreversible.  It  is  thus  obvious 
that  in  Wernicke's  disease  two  or  more  vitamins  (thiamin  and  nicotinic 
acid)  may  play  a  role.  Although  we  are  unable  to  designate  the  additional 
vitamin  or  vitamins  involved  in  such  cases,  we  believe  the  common  source 
will  eventually  be  found  in  the  B-complex.  It  is  suggested  that  each 
patient  should  be  carefully  observed  for  clinical  signs,  and  his  response 
to  specific  vitamins  recorded;  in  fatal  cases  the  pathological  changes 
should  be  correlated  with  the  clinical  picture.  Onh'  by  careful  observa- 
tion will  the  role  of  thiamin  and  the  other  vitamins  in  encephalopathies 
be  determined. 

NICOTINIC  ACID  DEFICIENCY 

The  role  of  nicotinic  acid  in  the  maintenance  of  normal  function  of  the 
nervous  system  has  been  known  since  Elvehjem,  JNIadden,  Strong  and 
WooUey  (9)  proved  nicotinic  acid  to  be  the  factor  necessary  for  the  cure 
and  prevention  of  blacktongue  in  dogs,  the  experimental  analogue  of 
human  pellagra.  These  results,  reported  in  1937,  stimulated  various 
workers  to  use  nicotinic  acid  in  the  treatment  of  human  pellagra.  Three 
groups  (10)  reported  the  efficacy  of  nicotinic  acid  in  human  pellagra  in 
November  and  December  of  1937.  Following  this,  it  was  quickly  dis- 
covered that  pellagra  was  a  multiple  \-itamin  deficiency.  Its  character- 
istic polyneuropathy  was  proved  to  be  vitamin  Bi  deficiency  (11).  The 
cheilosis  and  certain  other  characteristic  lesions  of  the  face  (4)  and  of  the 
cornea  (12)  proved  to  be  riboflavin  deficiency.    Some  of  the  mental 
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symptoms  (13),  mouth  and  other  mucous  membrane  lesions,  have  been 
proved  to  be  nicotinic  acid  deficiency.  The  bilateral  dermatitis  has  l)een 
shown  to  be  nicotinic  acid  deficiency  conditioned  in  some  way  by  trauma. 
As  in  thiamin  deficiency,  objective  signs  of  nicotinic  acid  deficiency  are 
often  preceded  by  p.sychoneurotic  symptoms.  This  is  true  for  both 
spontaneous  and  experimental  human  pellagra,  as  shown  by  McLester, 
by  Sydenstricker,  and  by  Spies  et  al.  (13).  These  symptoms,  as  described 
by  Frostig  and  Spies  (14),  were  proved  to  be  fairly  uniform  and,  according 
to  these  investigators,  had  no  connection  with  the  underlying  personality. 
These  symptoms  included  hyperesthesia  in\'olving  all  forms  of  sensation, 
increased  psychomotor  activity,  definite  trends  toward  depression  and 
apprehension,  and  weariness,  fatigability,  headaches  and  insomnia. 

Following  the  development  of  classic  pellagra  the  mental  symptoms 
commonly  seen  are  those  found  in  any  organic  psychosis.  These  include 
memory  defects,  disorientation,  confusion  and  confabulation.  Periods  of 
excitement,  depression,  mania,  delirium,  and  paranoia  occur  not  infi-c- 
quently.  These  mental  disorders  may  appear  before  other  signs  of  jjellagru 
are  evident.  Response  to  nicotinic  acid  is  usually  prompt,  especially  when 
the  psycho.><is  is  of  short  duration.  In  the  psychoses  of  longer  duration 
the  response  is  often  by  no  means  so  spectacular,  and  fre(iuently  specific 
therapy  does  not  help  at  all.  This  may  mean  that  in  the  latter  cases  the 
process  has  advanced  to  an  irreversible  stage.  It  must  be  emphasized, 
however,  that  pellagrins  lack  other  dietary  factors  necessary  for  normal 
brain  metabolism,  and  these  deficiencies  may  contribute  to  the  cerebral 
manifestations.  Adequate  amounts  of  all  other  nutritive  essentials  should 
therefore  be  given  in  order  to  obtain  a  maximal  therapeutic  response. 

We  (15)  have  recently  described  a  fairly  characteristic  neuropsychiatric 
syndrome  which  we  have  labeled  Nicotinic  Acid  Deficiency  Encephalop- 
athy. This  .syndrome  may  occur  as  the  only  clinical  manifestation  of  a 
deficiency  disease  or  it  may  occur  in  association  \\  ith  pellagra,  polyneurop- 
athy, scurvy  or  ariboflavinosis.  The  clinical  picture  of  the  encephalo- 
pathic  syndrome  is  characterized  by  clouding  of  consciousness,  cogwheel 
rigidities  of  the  extremities,  and  uncontrollable  grasping  and  sucking  re- 
flexes'. Patients  manifesting  this  syndrome  treated  only  by  hydi-ation  or 
hydration  plus  thiamin  hydrochloride  almost  invariably  died  (95  pei- 
cent);  patients  treated  by  hydration  plus  concentrates  rich  in  the  vitamin 
B-complex  showed  a  significant  drop  in  mortality  (50  per  cent);  but  when 
these  patients  were  treated  l)y  hydration  plus  nicotinic  acid  the  mortality 
fell  to  15  per  cent. 

The  fact  that  only  about  half  of  our  150  subj(>cts  having  this  syndrome 
pre.sented  other  signs  of  nicotinic  acid  deficiency,  and  the  fact  that  in 
endemic  pellagra  the  encephalopathic  syndrome  occurs  only  in  the  most 
advanced  and  severe  cases,  does  not  necessarily  controvert  the  evidence 
that  this  syndrome  is  a  manifestation  of  nicotinic  acid  deficiency.  The 
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encephalopathic  syndrome  represents,  in  our  opinion,  a  complete  acute 
nicotinic  acid  deficiency,  while  the  pellagral  syndrome  (stomatitis,  mental 
symptoms,  diarrhea,  dermatitis)  represents  a  chronic  partial  deficiency  of 
nicotinic  acid  not  complete  enough  to  produce  the  encephalopathic  syn- 
drome. If  this  is  so,  patients  having  both  clinical  pellagra  and  the 
encephalopathic  syndrome  represent  chronic,  partial  deficiency  of  nicotinic 
acid  of  sufficient  duration  to  produce  the  stmctural  changes  recognizable 
as  pellagra,  upon  which  has  been  superimposed  a  complete  nicotinic  acid 
deficiency;  patients  showing  the  encephalopathic  syndrome  without  signs 
of  pellagra  represent  on  the  other  hand  a  complete  nicotinic  acid  deficiency' 
which  develops  so  rapidly  that  the  characteristic  structural  changes  in  the 
mouth  and  skin  do  not  have  time  to  develop. 

A  relationship  of  thiamin,  nicotinic  acid,  and  ascorbic  acid  to  infantile 
parah^sis,  delirium  tremens,  or  Korsakoff's  psj^chosis  has  been  suggested 
but,  in  my  opinion,  not  proved.  In  all  these,  as  in  many  other  diseases, 
an  associated  or  secondary  vitamin  deficiency  may  occur.  In  delirium 
tremens  the  marked  increase  in  total  metabolism  raises  the  vitamin  require- 
ment to  such  an  extent  that  an  acute  deficiency  may  be  precipitated  from 
which  the  patient  may  die  unless  adequate  nutrition  is  insured. 

OTHER  VITAMINS 

The  value  of  alpha-tocopherol  and  of  pyridoxine  in  the  syndromes  of 
muscular  dystrophy,  amj'otrophic  lateral  sclerosis  and  paralysis  agitans 
has  recently  been  the  subject  of  conflicting  reports  (16).  In  all  disorders 
which  may  be  viewed  as  syndromes  rather  than  as  disease  entities  a  positive 
response  to  treatment  in  even  a  few  patients  is  significant,  for  it  may  in- 
dicate a  curable  disease  entity  within  a  syndrome  previously  considered 
irreversible.  It  seems  reasonable,  therefore,  in  view  of  the  conflicting 
reports  and  of  the  progressive  nature  of  these  syndromes,  to  administer 
the  vitamins  on  an  experimental  basis,  under  carefully  controlled  condi- 
tions. 

Syndromes  collectively  labeled  paralysis  agitans,  while  not  directly  fatal, 
usually  follow  a  progressive  course,  and  the  victims  eventually  become 
helpless.  Since  muscular  rigidity  and  weakness  is  characteristic  of  paraly- 
sis agitans,  and  since  pyridoxine  (vitamin  Be)  is  involved  in  muscle 
metabolism,  it  seemed  worth  while  to  test  its  effect  in  this  syndrome. 
In  the  Spring  of  1940  I  reported  (17)  the  treatment  of  15  patients  having 
paralysis  agitans  with  50  or  100  mg.  of  pyridoxine  parenterally  either 
daily  or  every  other  day  for  at  least  4  weeks.  All  these  patients  were 
chairfast  or  bedfast,  10  for  more  than  3  years.  Of  these  15  patients  4 
showed  definite  objective  improvement.  Similar  results  were  reported 
a  short  time  later  by  Spies,  Hightower  and  Hubbard  (18).  and  Baker  (19) 
has  recenth'  confirmed  the  beneficial  effects  of  vitamin  Be  in  Parkinsonism. 

Of  our  four  patients  who  showed  objective  improvement  two  have  since 
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died,  one  following  frarture  of  the  femur  and  the  other  following  myo- 
cardial infarction;  the  impro\ement  in  these  two  j^atients  had  been  main- 
tained until  the  onset  of  the  terminal  illness.  The  improvement  in  the 
third  patient  has  now  been  maintained  for  over  16  months  (July  1941) 
although  he  nuist  receive  pyridoxine  parentcrally  three  times  a  week,  for 
which  saline,  thiamin  or  nicotinamide  cannot  be  substituted.  The  fourth 
patient  has  regressed  so  that  now  the  tremors  and  rigidities  are  about  the 
same  as  they  were  at  the  start  of  the  treatment. 

In  our  report  of  these  15  helpless  patients  it  was  stated:  "Thus  far  ob- 
jective beneficial  results  .  .  .  have  been  limited  to  the  les.sening  of  rigidities 
and  increase  in  strength  in  patients  whose  complete  disability  was  of  less 
than  three  years'  duration."  One  of  my  associates  (20)  has  studied 
12  cases  of  long-standing  Parkinsonism  (average  duration  10^  years)  and 
noted  no  beneficial  results  from  adequate  pyridoxine  therapj'.    Since  then 
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Ambulatory  patients  with  paralysis  agitans 
Pyridoxine  treatment  of  three  weeks  or  more 


GROUP 

NUMBER 

IMPROVEMENT 

CONTINU- 
ING 
THERAPY 

None 

Subjective 

Objective 

Return 
to  work 

Arterioscl  

Post-enceph.  

Idiopathic  

6 
10 
16 



5 
4 
10 

1 

6 
6 

0 
4 
2 

0 
2 
1 

1 

6 
7 

Total  

32 

19 

13 

6 

3 

14 

46  ambulatory  patients  having  paralysis  agitans,  without  selection  ac- 
cording to  age,  type,  or  degree  of  disability,  have  been  treated  with  pyri- 
doxine. Fourteen  patients,  all  of  whom  showed  '  no  improvement, 
abandoned  the  treatment  in  less  than  3  weeks.  Shorter  trials  of  therapy, 
as  the  administration  of  "daily  doses  of  50  to  100  mg."  (repeated  only  1 
to  3  times)  recently  reported  hy  Zeligs  (21),  are  inadequate  for  judging 
this  foi-m  of  therapy.  Of  the  remaining  group  of  32  patients  who  continued 
the  treatment  longer  than  3  weeks,  23  were  economic  cripples.  In  this 
group  worth  while  results  were  shown  (Table  1).  The  most  conservative 
estimate  of  improvement  would  be  to  take  as  a  criterion  the  10  per  cent 
who  showed  economic  rehabilitation  (one  as  a  farm  hand,  one  as  a  clerk  in 
a  vegetable  market,  the  third  as  an  in.surance  broker).  A  less  conserva- 
tive estimate  would  be  the  20  per  cent  who  showed  objective  improvement. 
A  far  too  liberal  estimate  would  be  the  40  per  cent  who  show  subjective 
impro^•ement  such  as  seen  in  the  thirteen  who  are  still  willing  to  continue 
treatment  that  invoh-es  travel  and  the  discomfort  of  injections. 

The  fact  that  the  improvement  in  helpless  patients  first  reported  was 
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limited  to  the  idiopathic  and  arteriosclerotic  types,  while  in  the  ambulatory 
series  reported  later  (22)  improvement  seemed  more  frequent  in  the  post- 
encephalitic group,  indicates  that  the  entire  series  is  still  too  small  to  allow 
definite  conclusions  to  be  drawn.  It  seems  justified  to  say,  however,  that 
the  syndrome  of  paralysis  agitans,  if  not  of  too  long  duration,  appears  to 
include  persons  who  are  helped  by  pj^ridoxine. 
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MECHANISM  OF  HEART  FAILUREi 

LOUIS  X.  KATZ,  M.D. 
[From  the  Cardiovascular  Department ,  Michael  Reese  Hospital,  Chicago] 

One  of  the  piimaiy  problems  connected  with  the  activity  of  the  heart  is 
that  concerning  failure.  Much  has  been  written  on  this  subject  and 
polemics  in  this  field  are  rife.  During  the  course  of  years  I  have  had  many 
occasions  to  consider  the  clinical  and  experimental  aspects  of  this  subject. 
More  recently  my  associates  and  I  became  interested  in  this  problem  and 
investigated  it  on  an  analytical  basis  in  the  animal  laboratory'.  As  a  result 
of  these  considerations  and  this  experimentation,  it  soon  became  evident 
that  some  of  the  controversy  and  misunderstanding  of  this  subject  was  due 
to  a  poorly  defined  terminology.  One  of  our  fii'st  tasks,  therefore,  in  con- 
sidering the  subject  is  to  clearly  define  the  various  terms  employed.  Hav- 
ing done  that,  we  can  try  to  reconstruct  the  background  of  the  mechanism 
of  heart  failure. 

The  fundamental  elements  of  the  physiology  of  the  circulation.  Before  we 
can  deal  adequately  with  this  subject,  it  is  worthwhile  to  present  in  its 
simplest  terms,  the  functional  constitution  of  the  circulator}^  system.  In 
figure  1  are  shown  the  elements  of  the  circulatory  tree  with  its  two  major 
pumps,  the  right  ventricle  (RV)  and  the  more  powerful  left  ventricle  (LV), 
together  with  their  antechambers,  the  left  (LA)  and  right  (RA)  auricles, 
which  accommodate  the  blood  going  to  these  pumps,  and  the  A-V  and 
semilunar  valves  which  help  to  direct  the  motion  of  blood  forward.  Inter- 
posed between  the  right  and  left  hearts  is  the  pulmonary  circuit  with  its 
pulmonary  artery,  intrapulmonary  arteries,  arterioles,  capillaries,  venules 
and  veins  (represented  in  figure  1  by  the  network  L),  and  the  large  pulmo- 
nary veins.  The  blood  from  the  left  ventricle  passes  out  through  the  main 
conduit,  the  aorta  (A) ,  from  which  it  is  distributed  throughout  the  body  to 
all  the  organs  by  a  network  of  arteries,  arterioles,  capillaries,  arteriovenous 
anastomoses,  venules  and  veins  (represented  in  figure  1  by  the  network  P). 
The  blood  is  again  collected  into  the  conduits  composed  of  large  veins  (V) 
and  returned  to  the  i"ight  heart. 

It  is  the  pumps  which  keep  the  blood  in  motion,  and  impart  an  increased 
pressure  to  it  as  it  leaves  the  heart  in  order  to  create  that  pressure  gradient 
which  is  essential  for  the  onward  movement  of  the  blood.    The  develop- 

'  Aided  by  the  A.  D.  Xast  Fund  for  Cardiac  Research. 

This  address  was  given  at  the  Medical  School  of  the  University  of  Louisville,  May 
2,  1941,  as  the  first  Samuel  D.  Gross  Lecture  of  the  Phi  Delta  Epsilon  Fraternity. 
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ment  of  the  continuous  motion  of  blood  in  the  peripheral  network  in  the 
systemic  and  pulmonary  parenchyma  depends  upon  the  pulmonarj^  artery 
and  the  aorta  and  their  major  subsidiary  branches  which  constitute  the 
elastic  reservoirs  of  the  circulation.  By  virtue  of  their  elasticity,  the  elastic 
reservoirs  take  up  part  of  the  output  of  the  ventricles  during  systole  and 
expel  it  into  the  periphery  during  diastole. 

Not  all  of  the  blood  in  the  body  is  in  active  circulation.  Some  of  it  is 
stored  in  various  blood  reservoirs,  the  most  important  of  which  are  those 
of  the  skin,  the  lungs  and  that  of  the  splanchno-hepatic  circuit.  Variations 
in  the  capacity  of  these  blood  reservoirs  alter  the  quantity  of  the  blood  in 
active  circulation  to  suit  the  changing  circumstances.  This  variable 
capacity  of  the  blood  reservoirs  is  of  importance  in  adjusting  the  output  of 
the  heart  to  the  needs  for  circulation  to  the  tissues. 

While  all  parts  of  the  circulation  are  under  the  control  of  the  autonomic 


Fio.  1.    Diagram  of  the  circulatory  tree.    Discussed  in  text 

nerves  to  varying  extents  and  respond  reflexly  in  their  adjustments  for 
immediate  needs,  and  while  they  are  also  subject  to  the  influence  of  various 
hormones  and  other  chemical  substances  circulating  in  the  blood,  the  most 
important  adjustment  is  hy  the  operation  of  Starling's  Law  of  the  Heart. 
In  essence,  this  law  states  that  the  heart,  by  changing  its  diastolic  size, 
automatically  adjusts  its  output  to  take  care  of  the  venous  blood  returning 
to  it.  This  implies  that  the  venous  return  to  the  heart  is  the  key  to  the 
major  mechanism  adapting  the  heart's  output  to  the  circulatory  needs  of 
the  bod}'.  It  is  one  of  the  important  homeostatic  properties  of  living 
organisms. 

In  a  consideration  of  A'enous  return,  the  valves  located  in  the  veins  are 
essential  because  their  presence  permits  all  fluctuations  in  pressure  on  the 
venous  side  to  be  translated  into  flow  toward  the  heart.  Such  variations 
in  pressure  accompany  muscular  activity,  whether  it  be  movements  of  the 
skeletal  muscles,  of  the  smooth  muscles  of  the  gut,  or  the  intermittent 
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pumping  action  of  respiration.  In  this  same  category  falls  the  miniature 
contractions  that  represent  neuromuscular  tone  in  skeletal  muscles  which, 
together  with  bodily  sway,  are  of  vital  importance  in  overcoming  the  action 
of  the  gravity  in  such  upright  creatures  as  man.  Aside  from  this,  of  cour.se, 
the  venous  return  depends  upon  the  pressure  gradient  existing  between  the 
pressure  in  the  capillaries  and  the  negative  pressure  (with  respect  to  the 
atmosphere)  in  the  intrathoracic  cage.  The  former  is  the  pressure  remain- 
ing in  the  blood  after  the  loss  of  energy  in  overcoming  the  resistance  en- 
countei'ed  in  traversing  the  arterial  tree  and  the  capillaries. 

Circulatory  failure.  AVith  this  summary  in  mind,  we  are  prepared  to 
consider  and  define  circulatory  failure  and  differentiate  it  from  heart 
failure.  Circulatory  failure  may  be  defined  as  an  inadequacy  in  the  amount 
of  blood  passing  through  the  capillaries  in  the  tissues.  This  is  not  equiva- 
lent to  heart  failure  because  such  circulator^'  failure  may  also  arise  when  the 
volume  of  blood  in  circulation  is  in.suflficient  to  fill  the  circulatory  tree. 
This  may  occur  by  a  reduction  in  the  actual  volume  of  the  blood  in  cir- 
culation as  in  hemorrhage  or  in  shock,  or  by  an  increase  in  the  capacity  of 
the  circulatory  tree  wthout  a  concomitant  proportional  increa.se  in  the 
total  blood  content  as  occurs  when  the  peripheral  blood  vessels  are  mark- 
edly dilated  in  peripheral  circulatory  collapse.  Under  both  of  these  cir- 
cumstances the  circulatory  failure  is  not  the  result  of  a  primary  defect  in 
the  cardiac  pumping  mechanism  but  is  .secondary  to  the  deci'ease  in  the 
venous  return  to  the  heart  with  a  consequent  reduction  in  cardiac  output. 
One  should,  therefore,  sharply  di.stingui.sh  between  primary  failure  of  the 
heart  and  failure  of  the  circulation. 

Obviously,  by  definition,  circulatory  failure  depends  not  only  upon  the 
rapidity  of  blood  circulation  but  also  upon  the  needs  for  blood  at  the 
time.  Although  the  rate  of  circulation  may  be  adequate  for  conditions 
of  rest  or  for  those  under  so-called  basal  conditions  it  may  become  inade- 
ciuate  when  the  bodily  activity  is  increased  as  in  exercise  or  in  the  increa.sed 
metaboli.sm  which  occurs,  for  example,  in  hyperthyroidism. 

The  integration  of  the  ^pumping  of  the  two  ventricles  with  each  other.  The 
next  major  con.sideration  in  developing  our  concept  of  heart  failure  is  the 
integration  of  the  two  pumps.  Under  ordinary  circumstances  the  outputs 
of  the  two  pumps  are  equal.  This  is  also  true  under  stabilized  conditions 
when  circulatory  failure  is  present,  or  in  the  presence  of  a  decreased  pump- 
ing power  of  either  the  right  or  left  ventricle.  Since  at  each  stroke,  each 
ventricle  expels  about  60  cc.  of  blood  and  this  occurs  approximately  80 
times  a  minute,  any  disparity  in  the  output  of  the  two  pumps  will  quickly 
cause  a  depletion  of  blood  in  either  the  systemic  or  pulmonary  circuits  with 
congestion  in  tjie  other,  and  death  will  quickly  ensue  unless  the  output  of 
the  two  ventricles  again  becomes  equal. 

Let  us  assume,  to  make  this  point  clear,  that  at  each  stroke,  the  right 
ventricle  pumps  out  1  cc.  more  than  the  left  ventricle.    At  80  strokes  per 
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minute  this  will  mean  a  depletion  of  80  cc.  from  the  systemic  circuit  and 
the  addition  of  this  amount  to  the  pulmonary  circuit  in  one  minute.  Now, 
the  total  amount  of  blood  in  the  body  can  be  assumed  to  be  in  the  neighbor- 
hood of  7  per  cent  of  the  body  weight  which  in  a  70  kilo,  man  would  amount 
to  5  liters.  Thus,  if  the  disparity  between  the  outputs  of  the  two  ventricles 
continues  unchanged,  in  one  hour  all  the  5  liters  of  blood  would  be  collected 
in  the  pulmonary  circuit,  and  the  systemic  circuit  would  be  empty.  This 
is,  of  course,  an  extreme  .situation,  but  it  serves  to  illu.strate  the  point. 
It  follows  from  this,  therefore,  that  whether  heart  failure  is  present  or  not, 
the  outputs  of  the  two  ventricles  over  any  extended  period  of  time  are  the 
same.  Heart  failure  is,  therefore,  not  a  disparity  in  the  outputs  of  the  two 
pimips.  This,  I  feel,  is  one  of  the  pre\  alent  misconceptions  which  leads 
to  loose  thinking  about  the  problem  of  heart  failure.  Only  when  heart 
failure  is  developing  or  disappearing  or  when  a  person  is  dying  because  of 
failure  of  the  heart,  will  such  a  disparity  be  present.  Otherwi.se,  the 
outputs  of  the  two  pumps  remain  the  same  over  any  extended  period 
of  time. 

This  might  be  thought  of  in  terms  of  a  river  with  two  dams  on  it,  one 
below  the  other.  When  the  sluices  are  set  so  that  the  flows  in  the  two  dams 
are  equal,  the  level  of  the  water  in  the  intervening  portion  of  the  river 
remains  constant.  However,  when  the  upj^er  dam  allows  a  greatei-  flow  of 
water  than  is  permitted  by  the  lower  dam,  the  lev(>l  of  the  intervening 
stretch  of  the  river  rises  until  it  o\  erflows.  On  the  other  hand,  when  the 
lower  dam  allows  a  greater  flow  than  the  upper,  the  level  in  the  inter- 
\-ening  stretch  will  fall  and  this  again  may  lead  to  undesirable  con.sequences. 

Of  course,  there  exist  here,  as  in  the  case  of  the  circulation,  certain  hy- 
drostatic factors  which  aid  in  establishing  an  eciuilibrium. 

The  heart  as  a  machine.  In  pumping  blood  the  heart  does  work.  This 
work  is,  in  part,  the  development  of  energy  of  motion  (kinetic  energy) 
imposed  upon  the  blood  leaving  the  heart.  When  we  know  the  amount  of 
blood  ejected  and  the  added  velocity  imparted  to  it  we  can  measure  this 
energy  in  foot-pounds  or  kilogram-meters.  This  energy  of  motion,  however, 
is  very  small  compared  to  the  other  form  of  energy,  the  energy  of  pressure 
(potential  energy)  also  measured  in  foot-pounds  or  kilogram-meters,  and 
calculated  from  the  amount  of  blood  put  out  by  the  heart  and  the  added 
pre.s.sure  imparted  to  it. 

In  order  to  do  this  work  the  heart,  like  any  machine — for  the  heart  is 
a  machine — requires  energy,  and  this  energy  comes  from  the  breakdown  of 
food  stores  in  its  muscles.  Since  these  food  stores  are  limited,  they  must 
be  continuously  replaced  if  the  heart  is  to  continue  to  do  its  work.  It  does 
this  by  resynthesizing  some  of  the  breakdown  products  released  while  it 
is  working,  the  ultimate  energy  source  for  this  replacement  being  the 
energy  achieved  through  oxidation  of  its  organic  constituents. 

From  the  time  life  first  appears  in  the  embryo  the  heart  works  con- 
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tinuously  until  death  ensues.  But  the  heart's  work  is  done  intermittently 
with  periods  of  rest  between.  About  one-third  of  the  time  it  is  in  systole, 
breaking  down  its  energy  stores  for  the  work  that  it  has  to  do.  The  re- 
maining two-thirds  of  the  time  it  is  in  diastole,  during  which  it  restores  the 
energy  sources.  It  is  obvious  that  if  the  heart  is  to  maintain  its  power  to 
beat,  the  restoration  of  energy  stores  during  diastole  must  keep  pace  with 
their  dissipation  during  systole.  Were  the  breakdown  ever  so  little  greater 
than  restoration,  the  heart  would  soon  be  choked  up  with  the  breakdown 
products  and  would  soon  deplete  the  sources  from  which  it  derives  its 
energy.  Unlike  skeletal  muscles  which  have  a  sizable  credit  and  can 
develop  a  sizable  obligation  which  we  call  oxygen  debt,  the  credit  of  the 
heart  is  very  poor.  Its  oxygen  debt  is  low.  We  may  again  apply  our 
example  of  the  river  "and  assume  that  the  upper  dam  is  set  at  a  maximum 
rate  of  inflow  while  the  lower  dam  may  be  opened  to  allow  the  intervening 
strip  to  be  emptied  of  its  fluid.  In  the  case  of  skeletal  muscle  the  level, 
i.e.,  the  amount  of  material  that  can  be  drawn  upon  is  high,  while  in  the 
case  of  heart  muscle  it  is  low.  It  is  nevertheless  amazing  how  the  heart 
can  vary  its  work  to  a  large  extent  under  ordinary  circumstances  and 
maintain  its  energy  equilibrium. 

Unlike  the  steam  engine  the  heart  does  not  work  by  releasing  heat.  As 
far  as  the  heart  is  concerned  heat  is  a  waste  product.  But  like  all  machines 
the  efficiency  of  the  heart  can  be  assayed  by  determining  the  ratio  of  work 
done  to  the  amount  of  its  stored  energy  which  is  converted  into  work.  The 
ratio  of  the  work  accomplished  over  the  energy  liberated  during  its  con- 
traction gives  the  measure  of  its  mechanical  efficiency.  This  efficiency, 
computation  has  shown,  is  of  the  order  of  25  to  30  per  cent  under  the  best 
physiological  circumstances.  Since  the  ultimate  source  of  energy  is  pri- 
maril}^  an  oxidation  reaction,  the  energy  cost  of  the  work  of  the  heart  can 
be  determined  from  the  oxygen  it  consumes.  In  such  calculations,  it  has 
been  customary  to  use  the  respiratory  quotient  of  the  heart,  which  has  been 
found  to  be  about  0.82,  and  to  calculate  from  this  the  energy  equivalent  of 
the  oxygen  used.  On  the  basis  of  these  calculations  it  has  been  estimated 
that  the  heart  would  release  about  2,000  kilogram-meters  of  energy  per 
liter  of  oxygen  consumed.  While  these  figures  presuppose  that  the  energy 
obtained  from  the  fuel  is  constant  under  varying  circumstances,  and  this 
obviously  maj'  not  be  the  case,  nevertheless,  the  errors  introduced  by  this 
as.sumption  do  not  significantly  alter  the  calculation  even  when  heart 
failure  develops. 

The  load  of  the  heart  and  the  cardiac  adjustment  to  it.  To  further  com- 
plete our  analysis,  we  must  point  out  that  the  heart  works  under  a  load  and 
this  load  can  be  subdivided  into  three  categories :  1)  The  resistance  against 
which  the  heart  empties  its  blood,  namely  the  cyclic  or  mean  pressure  exist- 
ing in  the  aorta  and  the  pulmonarj^  artery  (the  resistance-load).  2)  The 
pres.sure  head  in  its  ante-chambers,  the  auricles,  which  determine  its 
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filling  (the  input-load) .  3)  Hidden  loads  due  to  stenosis  of  valves,  atresias 
in  the  aorta  or  pulmonary  artery,  valvular  leakage,  and  congenital  or  ac- 
quired short  circuits  between  the  heart  chambers. 

The  pressure  head  for  filling,  the  ini)ut-load,  can  change  either  because 
the  rate  at  which  blood  is  coming  to  the  heart  is  modified  or  because  the 
volume  of  the  circulating  blood  is  altered.  It  may  also  change  because  the 
rate  at  which  blood  is  pumped  out  by  the  heart  is  altered  by  modifications 
in  the  power  of  the  heart.  Actually  a  dynamic  balance  is  established  be- 
tween these  several  factors. 

The  resistance-load  of  the  left  heart  will  change  in  amount  only  when 
the  buffer  nerve  mechanism  which  tends  to  keep  the  systemic  arterial  pres- 
sure constant  cannot  cope  with  the  forces  tending  to  vary  the  resistance- 
load.  The  factors  which  alter  the  resistance-load  are  changes  in  the 
caliber  and  configuration  of  the  peripheral  blood  vessels,  variations  in  the 
properties  of  the  elastic  reservoir,  variations  in  the  amount  of  blood  in 
the  arterial  tree,  and  alterations  in  the  rate  at  which  the  heart  is  ejecting 
blood.  These  same  factors  operate  upon  the  resistance-load  of  the  right 
heart  except  that  their  effect  is  not  bufi'ered  to  any  appreciable  extent  by 
the  buffer  nerve  mechanism.  In  reality  the  most  important  mechanism 
varying  the  resistance-load  of  the  right  heart  is  the  relative  pumping  power 
of  the  right  and  left  ventricles. 

In  estimating  the  hidden  loads  it  is  imperative  to  recognize  that  the 
acoustic  evidence  is  not  always  necessarily  proportional  to  the  dynamic 
significance  of  these  loads,  a  fact  not  .sufficiently  appreciated  clinically. 

The  heart  must  adjust  its  work  to  these  loads  in  order  that  it  may  main- 
tain an  adequate  circulation  of  blood.  The  heart  has  three  methods  by 
which  it  can  meet  the  increase  in  load.  First  it  can  increase  in  size  and  by 
this  means  increase  the  available  energy  released  for  its  work.  Secondly, 
it  can  increase  the  number  of  its  strokes  per  minute  thereby  enhancing 
the  energ\'  available  for  its  work.  Finally,  it  can,  if  given  .sufficient  time, 
develop  cardiac  hypertrophy  thereby  permitting  an  increase  in  the  numbers 
of  "chemical  factories"  available  to  release  energj'. 

^\^lile  increasing  the  load  of  the  heart  leads  to  an  increase  in  energy 
liberation  and  work  done,  the  mechanical  efficiencj-,  the  ratio  fjetween 
the  two,  varies  depending  on  whether  the  input-  or  resistance-load  is 
increased.  It  has  been  shown  that  the  mechanical  efficiency  of  the  heart 
tends  to  improve  when  the  input-load  is  increa.sed  but  tends  to  decrease 
when  the  resistance-load  is  augmented.  It  is  not  difficult  to  understand 
why  the  mechanical  efficiency  would  alter  in  different  fa.shions  under 
these  two  circumstances  since  the  manner  in  which  the  heart  does  its  work 
in  these  two  conditions  of  increased  load  would  be  different. 

The  maximum  work  capacity  of  the  heart  and  cardiac  reserve.  There  is  a 
limit  to  the  increase  in  energy  available  for  work  which  can  be  produced 
when  the  load  is  increased.    Thus,  if  the  load  increases  progressively^  a 
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point  will  be  reached  when  the  heart  can  no  longer  cope  with  the  existing 
load.  This  is  the  maximum  work  capacity  of  the  heart.  When  the  maxi- 
mum work  capacity  of  the  heart  is  exceeded  by  the  load  a  vicious  cycle  is 
established  which  leads  ultimately  to  death  unless  the  load  is  decreased. 
This  ceiling  placed  upon  the  work  capacity  of  the  heart  is  due  to  the  limita- 
tion in  adjustment  of  each  of  the  three  compensatory  mechanisms. 

It  is  obvious  that  on  increasing  the  heart  size  a  point  is  eventually  reached 
in  which  further  increase  in  heart  size  is  actually  associated  with  a  de- 
creasing energy  exchange.  There  is  thus  an  upper  limit  to  the  operation 
of  Starling's  Law.  This  might  be  considered  the  point  differentiating  the 
dilated  heart  from  the  over-dilated  one  and  it  is  in  this  sense  only  that  the 
term  "over-dilation"  .should  be  used.  The  value  of  the  pericardium  in 
preventing  the  attainment  of  this  critical  heart  size  in  acute  dilatation 
is  apparent. 

There  is  also  a  limit  to  the  increase  in  release  of  energy  which  accom- 
panies increase  in  heart  rate.  As  the  heart  speeds  up,  a  point  is  soon 
reached  at  which  the  quantity  of  energj^  released  actually  decreases.  Fur- 
thermore, above  a  certain  heart  rate  the  coronary  blood  supply  also  becomes 
inadequate  and  leads  to  a  reduction  in  the  rate  of  reco\  er\'.  The  heart 
cannot  fill  so  well  as  it  speeds  up,  because  the  isometric  relaxation  phase 
of  diastole,  when  no  filling  occurs,  does  not  abbreviate  nearly  as  much  as 
the  filling  phases  of  diastole.  In  addition,  it  has  been  shown  that  with 
increased  heart  rate,  the  mechanical  efficiency  begins  to  decline  so  that 
the  amount  of  work  which  can  be  obtained  from  the  energy  released  de- 
creases. The  point  at  which  further  increases  in  heart  rate  give  a  decrease 
in  the  work  of  the  heart  is  the  second  limit  which  determines  the  maximum 
work  capacity  of  the  heart. 

Cardiac  hypertrophy  also  reaches  a  point  of  diminishing  returns  because 
the  number  of  the  capillaries  in  the  myocardium  does  not  increase.  This 
leads  to  an  increase  in  the  sectional  area  of  muscle  supplied  by  each  capil- 
lary as  the  heart  hj^pertrophies,  and  greater  and  greater  parts  of  the  heart 
muscle  labor  without  an  adequate  blood  supply.  This  is  the  third  upper 
limit  on  the  work  capacity  of  the  heart. 

We  are  now  prepared  to  discuss  cardiac  reserve.  Cardiac  reserve  is  the 
difference  between  the  work  the  heart  is  doing  and  the  maximum  capacity 
for  work  that  it  is  capable  of  doing.  The  first  two  columns  of  figure  2  .show 
an  attempt  to  illustrate  this  in  the  normal  heart.  The  top  of  the  columns 
give  the  maximum  work  capacity  of  the  normal  heart  when  the  compensa- 
tory mechanisms  of  increased  heart  rate,  increased  heart  size  and  cardiac 
hypertrophy  are  brought  in  to  their  optimum  point.  The  top  of  the  solid 
part  of  the  column  on  the  left  shows  the  work  output  of  the  heart  when 
the  person  is  at  rest.  The  difference  between  this  level  and  the  top  of  the 
column  represents  the  amount  of  work  the  heart  is  capable  of  doing  over 
and  above  that  being  done  at  rest.    This  is  its  cardiac  reserve.    As  can 
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be  seen  in  the  next  column,  the  cardiac  reserve  is  reduced  when  the  work 
of  the  heart  is  increased  as  occurs  under  normal  Ijodily  activity.  In  short, 
the  cardiac  reserve  is  the  difference  between  the  maximum  capacity  of  work 
output  of  the  heart  and  the  work  it  is  alread.y  doing.  Increasing  loads 
decrea.se  the  cardiac  reser\T  by  encroaching  upon  the  total  work  capacity. 
This  simple  concept  of  cardiac  reserve  places  on  a  semi-quantitative  basis 
the  more  nebulous  concepts  which  have  been  prevalent  in  the  literature. 

A  decrease  in  cardiac  reserve  can  also  be  produced  by  a  decrease  in  its 
maximum  work  capacity  such  as  occurs  in  disease  of  the  heart.  This  is 
shown  by  the  two  columns  on  the  right  of  figure  2,  respectively,  for  resting 
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Fiq.  2.  Diagram  showing  tlie  faftors  determining  cardiac  reserve  in  the  norma! 
and  diseased  heart.    Discussed  in  text. 


and  normal  activity  in  a  patient  with  heart  disease.  Because  the  maximum 
work  capacity  is  decrea.sed  in  the  disea.sed  heart,  the  maximum  load  that 
can  be  placed  upon  it  is  less  and  the  cardiac  reserve  at  a  given  load  is  de- 
crea.sed  below  the  normal.  The  degree  of  this  decrease  in  maximum  work 
capacity  in  heart  disease  may  vary  from  an  insignificant  one  to  one  in 
which  only  the  strictest  bed  rest  can  be  tolerated. 

Whenever  the  load  on  the  heart  begins  to  approach  its  maximal  work 
capacity  clinical  .symptoms  and  .signs  such  as  fatigue,  pain,  dyspnea  and 
congestion  become  manifest  and,  when  properly  evaluated  to  rule  out  other 
causes,  they  can  be  u.sed  to  estimate  the  diminution  in  cardiac  reserve. 
The  importance  of  decreasing  the  load  on  the  heart  so  as  not  to  encroach 
upon  the  diminished  cardiac  work  capacity  in  heart  disease  is  thus  apparent 
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and  it  is  the  background  for  the  relief  of  symptoms  and  signs  which  follow 
the  institution  of  measures  to  reduce  the  burden  on  the  impaired  heart. 

Disease  of  the  heart  not  only  can  cause  a  decrease  in  the  maximum 
work  capacity  of  the  heart,  but  it  also  can  increase  the  load  on  the  heart 
by  producing  valvular  defects,  congenital  or  acquired  shunts  between 
the  chambers  of  the  heart,  atresias  of  the  exit  chambers,  arterial  hyper- 
tension in  the  systemic  or  pulmonarj^  circuits,  or  an  increase  in  the  venous 
return  as  in  hyperthyroid  disease,  severe  anemia  and  arteriovenous  aneu- 
rysms. The  decrease  in  cardiac  reserve  brought  about  by  disease  occurs, 
therefore,  for  two  reasons:  1)  The  maximum  work  capacity  of  the  heart 
is  decreased  and/or  2),  the  load  on  the  heart  is  increased. 

The  contractile  'power  of  the  heart.  Disease  of  the  heart  can  operate  in 
still  another  manner.  It  can  impair  the  contractile  power  of  the  heart. 
Contractile  power  is  measured  by  the  energy  liberation  and  the  work  done 
at  a  given  heart  size.  Experience  has  shown  that  the  work  and  the  energy 
cost  of  the  work  are  functions  not  only  of  heart  size  but  also  of  the  existing 
load.  That  is  why  these  two  factors  should  be  correlated  not  only  with 
heart  size  but  with  load  as  well.  The  heart  with  normal  contractile  power 
produces  a  definite  amount  of  energy  and  does  a  fixed  amount  of  work  at 
a  given  heart  size  and  at  a  given  heart  load.  As  these  are  increased,  the 
energy  liberation  and  work  done  increase  in  a  definite  fixed  pattern.  WTien 
the  heart  is  diseased  and  the  contractile  power  impaired  as  a  consequence, 
the  work  done  and  energy  liberated  for  a  given  load  and  a  given  heart  size 
is  decreased.  The  heart  still  increases  its  energy  liberation  and  work  out- 
put as  the  heart  size  and  heart  load  are  increased  but  at  a  lower  level  than 
normally. 

Often  the  contractile  power  of  the  heart  has  been  confused  with  the 
tone  of  the  heart.  It  has  been  erroneously  stated  that  the  heart  with  a 
decreased  contractile  power  has  "poor  tone"  while  one  with  a  normal 
contractile  power  has  "good  tone."  Tone  of  the  heart  is  best  defined  and 
is  generally  accepted  bj^  modern  physiologists  as  the  resistance  offered 
by  the  heart  to  filling.  It  can,  therefore,  be  expressed  by  a  curve  relating 
the  pressure  existing  within  the  fully  relaxed  ventricle  to  the  volume  at 
that  time. 

A  decrease  in  contractile  power  with  the  load  unchanged  operates  in 
the  same  manner  as  increasing  the  load  of  the  heart  with  the  contractile 
power  unchanged.  Compensation  for  such  a  decrease  in  contractile  power 
is  also  the  same,  namely,  the  heart  can  dilate,  it  can  accelerate  and  it  can 
hypertrophy  until  it  is  enabled  to  meet  the  existing  load. 

The  impairment  of  contractile  power  produced  by  disease  can  occur 
because  of  a  decrease  in  the  number  of  contractile  elements,  as  is  the  case 
when  a  myocardial  infarct  develops  or  muscle  units  are  otherwise  destroyed 
or  rendered  irresponsive.  It  may,  however,  come  about  because  of  a 
decrease  in  the  contractile  power  of  the  muscle  units  without  the  destruc- 
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tion  of  any  fibers.  The  latter  meclianism  is  by  far  the  more  common 
occurrence  in  disease. 

These  effects  of  disease  on  contractile  power  can  l)e  best  exemplified  in 
connection  with  figure  3.  The  relation  of  the  work  of  the  heart  to  the  heart 
size  is  indicated  in  diagrammatic  fashion  in  this  figure  in  arbitrarj--  units. 
The  uppermost  curve  labelled  I-X  represents  the  correlation  in  the  normal 
heart  and  in  the  heart  of  a  patient  rated  as  Class  I  of  the  American 


RATC  OF  WORK  Of  HEAHT 
ARBITHAI>y  UNITS 


Fig.  3.  Diagraln  showing  the  relation  of  work  done  to  heart  size  in  normal  sub- 
jects (X)  and  in  patients  with  heart  disease  falHng  into  classes  I,  II,  III  and  IV  of 
the  American  Heart  Association  Classification.    Discussed  in  text. 


Heart  Association  Classification.  In  this  case  there  is  no  impairment  in 
the  ability  of  the  individual  to  carry  on  his  activities.  Curves  II,  III 
and  I\'  represent  respectively  Classes  II,  III  and  I\'  of  the  American 
Heart  A.ssociation  Classification,  that  is,  patients  with  slight  i-estrictiou 
of  activity,  patients  with  moderate  restriction  of  activity,  and  patients 
requiring  complete  bed  rest,  resjiectively.  It  will  be  seen  in  figure  3  that 
at  the  load  on  the  heart  during  complete  bed  rest,  the  normal  or  Class  I 
patient  requires  a  smaller  heart  size  to  do  the  required  work  than  the 
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patient  in  the  other  3  classes.  The  patient  in  Class  II  requires  a  smaller 
size  than  one  in  Class  III  and  the  latter  requires  a  smaller  size  than  one 
in  Class  IV.  Furthermore,  it  is  apparent  that  the  cardiac  reserve  in  the 
normal  or  Class  I  subject  is  greater  than  in  the  Class  II  subject,  the  reserve 
of  the  Class  II  subject  is  greater  than  in  the  Class  III  subject  and  that  of 
the  Class  III  subject  is  greater  than  that  of  the  Class  TV  subject.  As  is 
indicated  in  the  diagram,  the  patient  in  Class  IV  has  so  limited  a  cardiac 
reserve  that  only  a  slight  increase  in  his  activity  will  soon  exceed  the 
maximum  work  capacity  of  his  heart  and  lead  to  a  vicious  cycle  which 
may  ultimateh'  end  in  death.  Should  the  maximum  contractile  power 
decrease  still  more,  the  patient  would  be  unable  to  meet  the  load  exist- 
ing even  at  complete  bed  rest  and  life  would  become  untenable.  It  is  po,s.si- 
ble  to  overburden  even  the  normal  heart  and  the  heart  in  Class  I  so  that  it 
cannot  cope  with  its  load.  The  heart  in  Class  III  cannot  meet  the  load 
of  extraordinary  activity  and  the  heart  in  Class  IV  cannot  meet  the  load 
of  oi'dinary  activity. 

The  chart  of  figure  3  also  demonstrates  what  must  happen  when  the 
load  is  fixed  and  the  contractile  power  decrea-ses.  If  we  follow  the  hori- 
zontal dotted  line  at  the  level  called  complete  bed  rest,  it  will  be  seen 
that  as  the  patient  changes  from  Class  I  to  Class  IV,  with  its  associated 
decrease  in  cardiac  contractile  power,  the  only  way  in  which  the  load  can 
be  met  and  the  work  of  the  heart  maintained  at  this  level,  is  by  an  increase 
in  heart  size.  Similar  charts  could  be  constmcted  \vith  relation  to  heart 
rate  and  cardiac  hypertrophy  and  the  analysis  would  be  on  identical  lines. 

We  are  now  in  a  position  to  discuss  the  po.ssible  changes  that  can  occur 
when  the  contractile  power  of  the  heart  is  impaired.  First,  the  heart  does 
less  work,  and  this  is  mirrored  in  a  fall  in  arterial  blood  pressure  or  in 
cardiac  output,  or  both.  This  happens  clinically  and  we  have  seen  it  in 
our  animal  experiments.  If  the  decrease  in  contractile  power  affects  the 
right  heart,  these  manifestations  \yi\\  first  appear  on  the  right  side,  but 
cjuickly  equilibrium  is  established  and  the  manifestations  then  appear  on 
the  left  side  also.  The  same  is  tme  if  the  left  heart  is  the  one  with  a  de- 
creased contractile  power,  the  manifestations,  however,  first  appear  on 
the  left  side. 

Often,  however,  instead  of  a  decrea.se  in  work,  the  work  is  maintained 
when  the  contractile  power  of  the  heart  is  depressed,  hence  the  arterial  pres- 
sure does  not  fall  and  the  cardiac  output  does  not  decrease.  Instead  con- 
gestion appears  in  that  part  of  the  circuit  behind  the  pump  who.se 
contractile  power  is  impaired.  Thus,  congestion  will  appear  in  the  lungs 
when  the  contractile  power  of  the  left  heart  is  impaired  and  in  the  systemic 
■\  eins  when  the  contractile  power  of  the  right  heart  is  reduced,  or  in  both 
when  both  pumps  are  impaired. 

The  congestion  is  in  fact  the  immediate  compensatory  mechanism  by 
which  the  heart  size  is  increased  sufficientlj^  to  maintain  the  cardiac  output. 
In  this  way  the  work  level  of  the  heart  can  be  kept  unaltered  and  the  sole 
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evidence  of  the  impairment  of  contractile  power  that  will  remain  is  conges- 
tion.   This  is  the  usual  state  of  affairs  observed  clinically. 

This  congestion  and  the  increase  in  heart  size  may  be  the  sole  evidence 
of  impaired  contractile  power.  Often,  however,  tachycardia  and  cardiac 
hypertrophy  may  also  appear.  The  latter  two,  in  fact,  will  tend  to  lessen 
the  degree  of  congestion  and  the  size  of  the  heart  if  their  limits  are  not  too 
closely  encroached  upon.  In  acute  heart  failure  and  in  myocardial  in- 
farction in  which  the  manifestations  of  impaired  contractile  power  appear 
in  the  form  of  a  decreased  work  without  congestion,  tachycardia  will  also 
tend  to  serve  as  a  compensatory  mechanism  to  increase  the  work  output  of 
the  heart. 

The  important  concept,  that  cannot  be  stressed  too  much,  is  that  an 
impairment  in  the  contractile  power  of  the  heart  may  appear;  1)  without 
congestion  in  any  part  of  the  circuit  but  only  with  a  decrease  in  the  work 
level  of  the  heart,  or,  contrariwise,  2)  with  only  congestion  in  the  systemic, 
pulmonary  or  both  venous  circuits  with  no  decline  in  the  work  level  of 
the  heart.  Of  course,  it  is  tme  that  both  a  decrease  in  work  level  and 
congestion  may  occiu-  simultaneously. 

Heart  failure,  its  manifestations  and  its  fundamental  cause.  Heart  failure 
is  a  manifestation  of  impairment  of  contractile  power.  It  is  evidenced  by 
a  change  in  the  ratio  of  work  done  by  the  heart  to  the  heart  size  (or  to  the 
venous  prcssiucs) . 

In  the  clinical  evaluation  of  heart  failure,  attention  should,  therefore, 
be  paid  to  both  the  work  done  by  the  heart  and  the  degree  of  venous  engorge- 
ment as  well  as  the  heart  size.  Venous  engorgement  in  the  systemic  circuit 
is  manifest  by  liver  enlargement  and  visibly  enlarged  neck  veins,  and 
when  chronic  it  leads  to  edema  in  the  dependent  parts  of  the  body  and  to 
ascites.  In  the  pulmonary  circuit  venous  engorgement  causes  a  decrease 
in  vital  capacity,  a  decrease  in  breath-holding  time,  and  it  may  lead  to 
rales  in  the  chest.  Of  course,  other  circumstances  than  heart  failure  may 
be  responsible  for  these  manifestations  and  the  differentiation  becomes  the 
problem  of  the  clinician.  To  use  but  one  illustration,  mitral  stenosis  with- 
out heart  failure  is  accompanied  by  pulmonary  congestion.  Failure  to 
recognize  this  has  been  responsible,  as  much  as  anything  else,  for  confusion 
in  differentiating  right  from  left  heart  failure. 

The  work  of  the  heart  can  be  roughly  estimated  clinicall}'  by  th<;  product 
of  cardiac  output  and  the  pressure  in  the  systemic  and  pvdmonary  arteries. 
The  cardiac  output  is  indicated  by  the  circulation  time,  ballistocardio- 
graph,  or  by  actual  direct  measurement.  The  systemic  arterial  pressure  can 
be  measured  directly.  The  only  measure  of  the  pulmonary  arterial  pressure 
clinically  available  is  the  intensity  of  the  second  pulmonic  heart  sound.  In 
evaluating  the  cardiac  work  cognizance  nuist  also  be  taken  of  the  hidden 
work,  .such  as  that  done  in  overcoming  obstructions  or  that  lost  in  re- 
giu-gitation. 

\\Tien  a  crude  clinical  estimate  is  made  of  venous  engorgement  in  relation 
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to  the  work  done  by  the  heart,  a  rough  measure  of  the  presence  and  mag- 
nitude of  heart  failure  is  obtained.  It  is  not  obtained  by  consideration  of 
each  alone.  A  similar  assay  can  be  made  of  heart  failure  hy  correlating 
the  work  done  by  the  heart  with  its  size.  Obviously  in  the  estimate  of 
heart  size  the  size  of  the  ventricles  is  by  far  the  most  important  criterion, 
and  x-ray  examination  and  fluoroscopy'  are  extremely  valuable  for  this. 

From  these  considerations  it  is  apparent  that  since  heart  failure  may 
manifest  itself  by  a  decrease  in  cardiac  work  without  venous  engorgement 
or  by  an  unchanged  cardiac  work  with  venous  engorgement,  heart  failure 
is  determined  neither  by  congestion  alone  nor  by  decreased  work  alone  but 
by  the  ratio  between  the  two.  For  example,  the  normal  heart  may  have 
venous  engorgement  but  this  is  a.ssociated  with  an  increased  cardiac  work. 
The  normal  heart  may  also  do  a  decreased  amount  of  work  but  this  is 
associated  with  a  decrease  in  venous  return.  Therefore,  knowledge  only 
of  the  amount  of  cardiac  work  or  of  the  venous  engorgement  (or  size  of  the 
heart)  is  not  sufficient  in  the  assay  of  the  presence  or  degree  of  heart  failure. 
This  assay  requires  that  the  two  be  correlated,  at  least  roughly  and  this 
is  not  done  .sufficiently  clinically. 

In  considering  the  fundamental  mechanism  responsible  for  heart  failure 
resulting  from  impairment  in  contractile  power  of  the  heart,  two  possi- 
bilities exist;  1)  that  the  heart  releases  the  normal  quantity  of  energy  for 
the  size  of  the  heart  or  the  existing  load,  but  that  the  efficiency  with  which 
this  energy  is  converted  into  work  is  reduced,  or  2)  that  the  primary  mecha- 
nism is  a  decrease  in  the  energy  release  for  the  size  of  the  heart  or  its  load, 
without  the  mechanical  efficiency  being  altered. 

In  the  past  few  j^ears,  we  have  been  concerned  with  an  assaj'  of  the 
fundamental  mechanism  involved  in  heart  failure.  Our  results  clearly 
point  to  the  fact  that  failure  of  the  heart  appears  to  be  primarily  an  im- 
pairment in  the  release  of  energy  (as  measured  by  oxygen  consumption) 
and  not  a  reduction  in  the  mechanical  efficiency  of  its  conversion  to  work. 
We  have,  therefore,  concluded  that  impairment  of  contractility,  which  is 
the  basis  of  heart  failure,  means  impairment  of  energy  release  and  that 
changes  in  mechanical  efficiency''  are  secondary  to  the  circumstances  alter- 
ing the  relative  input-load  and  resistance-load. 

It  has  been  pointed  out  earlier  that  the  mechanical  efficiency  of  the 
heart  tends  to  improve  when  the  input-load  is  increased  but  tends  to  decline 
when  the  resistance-load  is  augmented.  When  the  contractile  power  of 
the  heart  is  decreased,  and  heart  failure  develops,  the  relative  load  on  the 
heart  is  increased.  The  mechanical  efficiency  will  increase,  decrease  or 
remain  unchanged,  depending  on  whether  the  relative  increase  in  load 
involves  the  input-  or  the  resistance-load  to  the  greater  extent.  This 
may  explain  some  of  the  discrepancies  appearing  in  the  literature  regarding 
changes  in  mechanical  efficiency^  accompanying  heart  failure.    Since  most 
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instances  of  heart  failure  have  no  decrease  in  input-load,  the  mechanical 
efficiency  usually  does  not  decrease. 

Regardless  of  how  the  mechanical  efficiency  of  the  heart  changes,  the 
primary  mechanism  responsible  for  heart  failure  appears  to  be  the  im- 
pairment in  energy  release  of  the  heart  and  not  an  impairment  in  its  con- 
version to  work. 
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An  uncommon  feature  of  kidney  disease  is  spontaneous  hemorrhage  into 
the  perirenal  tissues.  When  this  occurs  it  may  cause  considerable  difficulty 
in  diagnosis,  so  that  it  is  well  to  be  famiUar  with  the  clinical  features  of  the 
condition  in  order  that  it  may  be  recognized  and  treated  promptly.  At  this 
time,  I  report  my  oliservations  in  3  cases  and  review  some  of  the  important 
literature  on  the  sul>ject.  Before  presenting  the  cases  it  will  be  appropriate 
to  say  something  about  the  etiology  of  spontaneous  perirenal  hematoma. 

ETIOLOGY  OF  SPOXTAXEOUS  PERIREXAL  HEMATOMA 

In  1933,  Polkey  and  ^'ynalek  (1)  collected  the  cases  of  spontaneous  peri- 
renal hematoma  which  had  been  reported  in  the  literature  up  to  that  time. 
Tho.se  hsted  as  due  to  kidney  disease  included  nephritis,  tumors,  tuber- 
culosis, nephrolithiasis,  and  cystic  disease.  Among  those  resulting  from 
extrarenal  disease,  aneiuysm  of  the  renal  artery,  arteriosclerosis  of  the 
aorta,  and  pancreatitis  were  the  common  causes.  Hematomas  in  this 
region  were  also  found  in  patients  with  saccular  aneurysms  of  the  aorta, 
hemophilia,  leukemia,  or  other  hemorrhagic  diseases.  In  view  of  this 
report,  it  may  be  a.ssumed  that  the  commonest  cause  of  spontaneous  peri- 
renal hemorrhage  Ls  some  type  of  kidney  disease.  The  most  frequent  ex- 
trarenal causes  are  arteriosclerosis  and  aneur\'sm  of  the  renal  artery-.  In 
the  following  3  cases,  the  primary  le.sion  was  in  the  kidney. 

CASE  REPORTS 

Case  1.  A  35  year  old  man  with  hypertemion  developed  pain  and  a  mass  in 
the  left  flank,  fever,  and  anemia.  Operation  disclosed  a  tnassive  hematoma 
about  the  kidney.    Nephrectomy.    Complete  recovery. 

History.  The  patient  was  admitted  to  the  Evans  Memorial  Hospital  in  March, 
1940,  complaining  of  stiff  and  painful  joints.  Three  weeks  before  admission  he  had 
a  sore  throat,  which  was  followed  within  a  few  days  by  pain  in  the  joints  of  the  hands 
and  feet.  He  had  also  noted  increasing  weakness,  malaise,  fever,  sweats,  and  re- 
current attacks  of  pain  in  the  left  flank. 

The  past  history  disclosed  recurrent  osteomyelitis  of  the  left  tibia  since  childhood, 
the  last  attack  being  at  the  age  of  27  years  (8  years  before  the  present  illness).  .\t 
the  age  of  25  it  was  discovered  that  the  patient  had  hypertension.  During  the  past 
few  years  he  had  noted  frequent  epistaxis  and  recurrent  headaches,  and  for  at  least 
8  months  he  had  had  recurrent  attacks  of  pain  in  the  left  flank. 
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Examination.  The  patient  was  a  pale  man  who  appeared  to  be  acutely  ill  The 
temperature  was  98.4^F„  the  pulse  120.  respirations  30,  ami  the  blood  pressure  '00 
systolic  and  134  diastolic.  The  skin  was  warm  and  moist .  The  ocular  fundi  showed 
tortuous  vessels  with  narrowing  of  the  lumen,  several  flame-shaped  hemorrhages  in 
the  left  fundus,  and  scattered  exudate.  There  was  a  moderate  degree  of  oral  sepsis 
and  the  tonsils  were  enlarged.  The  chest  was  symmetrical,  but  the  left  diaphragm 
was  elevated  and  there  were  a  few  rales  on  deep  inspiration  over  the  left  lower  lobe 
Ihe  heart  was  enlarged  to  the  left,  measuring  10.5  cm.  from  the  midsternal  line 
1  he  rhythm  was  regular  and  the  sounds  were  distinct  and  clear  except  for  a  Grade  1 
systolic  murmur  at  the  apex.    The  abdomen  was  not  distended,  hut  in  the  left  upper 


Fig.  1.  Chest  plate  showing  dilated  aorta  and  elevation  of  the  left  dome  of  the 

diaphragm 

quadrant  there  was  a  firm ,  rounded  mass  which  extended  well  into  the  flank  There 
was  tenderness  over  it  but  it  did  not  move  with  respiration.  The  spleen  was  not 
felt  and  here  was  no  abdominal  distension.  The  rectal  examination  showed  nothing 
abnormal,  and  aside  from  the  well-healed  scars  over  the  anterior  surface  of  the  left 
tibia,  the  site  of  previous  operations  for  osteomyelitis,  the  extremities  were  normal 

Laboratory  Data.  The  urine  was  acid,  normal  in  color,  contained  large  amounts 
In  ?h"""i  M     i  leucocytes.    There  were  no  red  blood  cells.    On  admis- 

sion the  red  blood  cell  count  was  3,140.000,  the  hemoglobin  45  per  cent,  and  the  white 
blood  cell  count  19,000,  with  89  per  cent  polymorphonuclear  cells.  The  blood  Hinton 
reaction  was  negative.  X-ray  examination  of  the  chest  showed  an  elevation  of  the 
lett  side  of  the  diaphragm  and  moderate  enlargement  of  the  heart  (fig  \)  Intra- 
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venous  pyelograms  showed  the  right  kidnej-  shadow  to  be  slightly  enlarged  and  there 
was  dilatation  of  the  pelvis  and  cah'ces,  with  some  blunting.    The  left  kidney  shadow 


Fig.  2.  Pyelogram  showing  a  poorly  functioning  left  kidney  and  shadow  about  the 
left  kidney  obscuring  its  outline 
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Fig.  3.  Chart  of  temperature,  leucocyte  and  red  blood  cell  count,  and  hemoglobin 
content  (Case  1).    OP— Operation. 

was  considerably  enlarged;  the  pelves  and  calyces  were  poorly  defined  (fig.  2).  The 
left  tibia  showed  a  healed  osteomyelitis. 

Course.  The  course  of  the  temperature,  the  red  and  white  cell  counts,  and  the 
hemoglobin  is  shown  in  figure  3.    During  the  first  10  days  of  observation  the  tern- 
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pcraturo  fluctuated  between  98.4  unci  102°F.  There  was  a  gradual  decrease  in  the 
leucocyte  count  and  the  blood  returned  to  normal  after  four  blood  transfusions. 
During  the  third  week  Dr.  Samuel  Vose  e.xplored  the  left  kidney  region  and  found  a 
large  perirenal  hematoma.  The  left  kidney  together  witii  the  organized  blood  elot 
W'as  removed.    Following  the  operation  the  jjatient  made  an  un(?ventful  recovery. 

Pathology.  The  examination  of  the  surgical  specimen  was  made  by  Dr.  ("harles 
F.  Branch,  who  reported  as  follows:  "The  specimen  consisted  of  a  kidney  surrounded 
by  a  large  blood  clot.  The  kidney  measured  10.0  x  4.5  x  3.5  cm.  and  weighed  150  gm. 
It  was  firm,  smooth,  and  pale  reddish-brown,  and  on  section  showed  a  normal  rela- 
tion between  the  pyramids  and  the  cortex.  The  entire  kidney  was  surrounded  by  a 
large  amount  of  old  and  recently  clotted  blood  with  clots  apparently  largest  about  the 
lower  pole.  Careful  dissection  of  the  kidney  failed  to  reveal  an  abscess,  neoplasm, 
or  any  rupture.  The  blood  hat!  more  or  less  completely  dissected  the  capsuh;  from 
the  kidney  and  had  also  ruptured  through  into  the  surrounding  perirenal  tissues,  so 
that  the  perirenal  blood  clot  measured  about  8  cm.  in  thickness.  The  kidney  capsule 
was  thick,  fibrous,  and  showed  definite  evidence  of  organization  of  blood  clots. 
The  renal  artery  was  intact  and  showed  no  evidence  of  gross  arteriosclerosis.  The 
pelvis  and  ureters  were  negative." 

Microscopic  Examinalion.    Sections  through  the  kidney  cortex  showed  very 
little  change  other  than  that  associated  with  compression  and  hemorrhage.    .V  few 
glomeruli  were  cirrhotic;  the  tubules  were  atrophic  or  absent,  with  a  relative  in- 
crease in  connective  tissue  and  an  infiltration  with  small  numbers  of  leucocytes  in  I 
certain  areas.    In  general,  however,  the  glomeruli  and  tui)ules  were  well  preserved.  , 
The  epithelium  was  intact;  the  lumina  contained  a  moderate  amount  of  amorphous  ' 
debris  and  rare  hyaline,  pigment,  and  red  blood  cell  casts.    The  collecting  tubules  .' 
presented  occasional  areas  of  pigmented  epithelium  and  rare  minute  foci  of  calcifica-  ' 
tion.    The  blood  vessels  showed  a  well-marked  fibrosis  and  hyaline  thickening  of  the 
intima,  in  places  so  extensive  that  it  almost  occluded  the  lumen.    The  capsule  was 
separated  from  the  kidney  surface,  and  there  was  a  massive  blood  clot  between  it  and 
the  cortex.    The  precise  origin  of  the  hemorrhage  was  not  determined,  although  in 
the  lower  pole  there  was  a  slight  depression  which  had  the  appearance  of  a  small 
cavity.    It  was  lined  with  thick  fibroelastic  tissue  which  suggested  a  cross-section 
of  the  wall  of  a  blood  vessel.    At  one  point  in  this  area  the  lumen  of  the  vessel  was 
occluded  by  a  partiallj'  organized  thrombus.    The  inner  portion  of  the  wall  showed  a 
dense  fibrous  thickening.    It  was  concluded  that  the  hemorrhage  arose  from  the 
lower  pole  of  the  kidney,  probably  as  the  result  of  a  rupture  of  a  blood  vessel. 

Comment.  In  brief,  a  man  thirty-five  years  of  age  who  had  been  known 
to  have  had  ostcomyohtis  and  hyperten.sion  in  the  pa.st  came  under  ob.serva- 
tion  for  fever,  malai.se,  weaknes.s,  and  recurrent  pain  in  the  left  flank  of 
several  weeks'  duration.  On  examination  it  was  found  that  he  had  an 
anemia,  irregular  fever,  and  a  mass  in  the  left  flank  which  did  not  move  on 
respiration  and  which  on  pyelography-  seemed  to  be  an  enlarged  left  kidney. 
With  the  above  history  and  the  other  findings,  two  diseases  were  suspected : 
a  perinephric  abscess  and  a  timior  of  the  kidney.  In  view  of  the  previous 
historj'  of  staphylococcal  osteomyelitis  of  the  left  tibia  followed  l)y  fever, 
anemia,  and  a  mass  in  the  left  flank  with  recurrent  attacks  of  pain  in  this 
region,  a  perinephric  abscess  secondary  to  a  carbuncle  of  the  kidney  seemed 
likely.  The  hyperten.sion  and  a  mass  in  the  left  flank  with  fever  and 
leucocytosis  likewise  suggested  a  renal  tumor.  A  definite  preoperative 
diagnosis  of  perirenal  hematoma  was  not  made. 
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It  would  appear,  then,  that  this  patient  had  hj^pertension  with  moderate 
vascular  disease  involving  the  kidnej'  and  that  the  vessels  near  the  surface 
of  the  kidnej'  had  ruptured  spontaneously,  producing  a  large  blood  clot 
between  the  cortex  and  the  capsule,  finally  rupturing  through  the  latter 
into  the  perirenal  tissues. 

Case  2.  A  56  y^ar  old  man  with  right-sided  hydronephrosis,  nephrolithiasis, 
and  pyelonephritis  had  a  sudden  attack  of  pain  in  the  flank,  followed  by  the 
development  of  a  mass  in  the  abdomen,  anemia,  and  hematuria.  Death  fol- 
lowed operation. 

History.  The  patient  was  admitted  to  the  hospital  complaining  of  pain  in  the 
light  flank.  He  had  been  well  until  two  years  before  admission,  when  he  began 
having  attacks  of  right-sided  renal  colic  with  hematuria.  Examination  at  that  time 
revealed  a  stricture  of  the  right  ureter  with  a  hj'dronephrosis,  and  an  attempt  was 
made  to  relieve  him  by  dilatation  of  the  stricture.  Nine  months  later  he  was  found 
to  have  a  calculus  in  the  right  kidney  pelvis,  which  was  removed.  He  remained  in 
reasonably  good  health  except  for  recurrent  attacks  of  pyelonephritis  on  the  right 
side. 

Ten  daj's  before  admission  the  patient  was  riding  in  a  train  when  he  was  seized 
with  a  severe  attack  of  pain  in  the  right  side  of  the  abdomen  and  flank.  It  was  severe 
and  continuous,  and  radiated  through  the  abdomen  and  up  the  back.  The  pain  was 
soon  followed  by  dysuria,  frequency,  and  hematuria.  Chills  and  fever,  with  re- 
peated attacks  of  vomiting,  were  present  for  four  d&ys. 

Examination.  The  patient  appeared  to  be  acutely  ill.  The  skin  was  pale  with  an 
icteric  tinge.  The  temperature  was  normal,  the  pulse  rate  was  72,  and  the  respii-a- 
tions  were  28.  The  heart  and  lungs  were  normal.  The  abdomen  was  full  and  asym- 
metrical, the  right  side  being  larger  than  the  left.  There  was  a  large  mass  in  the 
right  flank  extending  from  below  the  liver  to  within  4  cm.  of  the  umbilicus  and  down 
to  the  crest  of  the  ileum.  It  was  fixed,  and  pressure  over  it  caused  pain  and  dis- 
comfort. 

Laboratory  Data.  The  red  blood  cell  count  was  2,500,000  and  the  hemoglobin  45 
per  cent.  The  leucocyte  count  was  56,400.  The  urine  contained  pus  and  many 
erj-throcytes,  and  the  blood  urea  nitrogen  was  100  mg.  per  100  cc. 

Course.  Operation  was  performed  and  a  large  perirenal  hematoma  was  found. 
Following  the  removal  of  the  blood  clot  and  blood  transfusion  the  patient  continued 
to  vomit,  and  died  within  six  hours  after  operation. 

Necropsy  Findings.  The  necropsy  showed  stenosis  of  the  left  ureter  with  hydro- 
nephrosis of  the  left  kidney  pelvis;  obstruction  of  the  right  ureter  with  hydronephro- 
sis, pyelonephritis,  nephrolithiasis,  and  pyoureter;  cystitis;  perirenal  hemorrhage; 
and  jaundice. 

Comment.  In  brief,  a  man  of  fifty-six  years,  who  was  known  to  have 
kidney  disease  had  a  sudden  severe  pain  in  the  flank  and  abdomen,  soon 
followed  by  collapse,  fever,  chills,  and  hematuria.  Within  a  few  days  a 
large  mass  developed  in  the  abdomen  and  there  was  anemia,  leucocytosis, 
and  jaundice.  Operation  disclo.scd  a  massive  perirenal  hematoma,  and 
necropsy  showed  that  the  hemorrhage  arose  from  the  surface  of  the  right 
infected  kidnej'. 

This  is  an  example,  then,  of  a  spontaneous  perirenal  hematoma  resulting 
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from  the  erosion  of  a  vessel  in  the  kidney.  There  was  not  only  bleeding 
into  the  perirenal  tissues  I)ut  hematuria  as  well. 

Case  3.  A  53  year  old  man  u'ith  periarteritis  nodosa  developed  severe  pains 
in  the  left  upper  quadrant  of  the  abdomen  and  the  lower  part  of  the  left  chest. 
He  failed  rapidly.    Necropsy  showed  a  massive  perirenal  hematoma. 

I/istory.  The  patient  was  first  seen  five  months  before  death  complaining  of 
cough,  expectoration,  and  distress  in  the  thorax.  For  at  least  five  years  he  had  had 
recurrent  attacks  of  cough,  dyspnea,  expectoration  of  mucoid  sputum,  and  increas- 
ing malaise  and  exhaustion.  Within  recent  months  he  had  had  two  attacks  of 
paroxysmal  nocturnal  dyspnea.  For  one  week  he  had  had  frontal  headache,  nasal 
obstruction,  and  pain  over  the  right  eye. 

The  past  history  was  essentially  negative,  except  for  the  fact  that  tlie  i)atient  had 
been  a  brass-molder  for  26  years  and  had  been  exposed  to  silicate  dust  and  fumes 
from  molten  brass,  from  which  he  had  "brass  chills"  occasionally. 

Examination.  The  temperature  was  99.4°F.,  pulse  80,  respirations  20,  and  blood 
pressure  130  systolic  and  85  diastolic.  The  patient  was  a  well  nourished  and  well 
developed  man,  propped  up  in  bed,  coughing  occasionally,  and  the  respirations  were 
labored  with  rhonchi.  When  he  coughed  he  raised  a  moderate  amount  of  mucoid 
sputum.  There  was  slight  ijain  on  pressure  over  the  maxillarj-  sinuses.  The  right 
conjunctiva  was  injected.  The  teeth  were  carious  and  there  was  moderate  pj'orrhea. 
Bilateral  nasal  obstruction  due  to  h.vpcrtrophy  of  the  mucosa  over  the  turbinate  was 
present.  The  throat  was  clear.  The  chest  was  enlarged.  The  respirations  were 
thoracic  in  type  and  there  was  some  hyper-resonance  over  both  bases  and  many 
fine  bronchial  rales  throughout  both  lungs.  One  could  hear  both  inspiratory  and 
expiratory  rhonchi  and  sibilant  rales  with  prolonged  expiration.  The  heart  sounds 
were  distant,  but  otherwise  examination  of  the  heart  was  negative.  The  abdomen 
showed  nothing  abnormal  and  the  extremities,  genitalia,  and  reflexes  were  normal. 

Lahoralory  Data.  The  urine  had  a  specific  gravity  varj'ing  between  1.010  and 
1.020.  The  red  blood  cell  count  was  4,600,000  and  the  hemoglobin  85  per  cent.  On 
smear,  the  red  blood  cells  and  platelets  appeared  normal.  The  white  blcod  cell 
count  varied  from  12,000  to  13,000;  polymorphonuclear  leucocytes,  54  per  cent; 
lymphocytes,  17  per  cent;  mononuclears,  13  per  cent;  cosinophiles,  14  per  cent;  and 
basophiles,  2  per  cent.  The  eosinophile  count  varied  from  13  to  16  per  cent.  The 
Kahn  reaction  was  negative.  The  non-protein  urea  nitrogen  was  32  mg.  per  100  cc. 
There  were  no  tubercle  bacilli  in  the  sputum.  The  vital  capacity  varied  between 
1.60  and  1.85.  A  tuberculin  test,  1:20,000,  was  positive.  X-ray  examination  of  the 
sinuses  showed  both  antra  to  be  cloudy.  The  chest  showed  marked  peribronchial 
markings  extending  out  from  both  hila.  .\  tentative  diagnosis  of  pneumoconiosis 
was  matle.  Later  another  x-ray  examination  of  the  chest  showed  an  enlarged  shadow 
at  the  hilum,  with  mottling  about  the  root  of  the  lung.  Old  tuberculosis  of  the  right- 
upper  lung  field  was  also  observed.  Lijiiodol  injection  showed  no  evidence  of  bron- 
chiectasis. 

Course.  Attempts  were  made  to  relieve  the  nasal  obstruction  by  drainage  of  the 
sinuses  and  submucous  resection  of  the  turbinate.  The  patient  was  discharged 
after  two  weeks'  observation,  but  returned  four  months  later  complaining  of  progres- 
sive weakness  and  failure  to  regain  his  strength.  About  four  months  before  death 
he  complained  of  a  tingling  sensation  in  the  feet,  and  this  gradually  spread  up  both 
legs.  Soon  afterward  the  fingers  became  involved  and  the  patient  had  difficulty  in 
buttoning  his  clothes.  The  tingling  sensation  was  more  or  less  constant  and  so 
severe  that  he  had  difficulty  in  getting  out  of  bed.    He  later  developed  wrist  drop, 


688 


CHESTER  S.  KEEFER 


particularly  on  the  left.  His  cough  persisted  and  he  noted  that  he  was  becoming 
pale  and  progressively  weaker. 

Physical  examination  now  showed  that  the  temperature  was  normal,  the  pulse  100, 
respirations  22,  and  blood  pressure  180  systolic  and  110  diastolic.  The  patient  had 
lost  a  considerable  amount  of  weight  and  appeared  acutely  ill.  The  lungs  continued 
to  show  rales,  as  they  had  on  previous  examination.  Neurological  examination 
showed  clumsiness  of  the  fingers,  astereostenosis,  and  diminution  of  vibratorj^  sense 
over  the  feet  and  legs.  A  small  number  of  nodules  were  felt  along  the  inner  aspect 
of  the  arm.  There  were  also  a  few  subcutaneous  nodules  on  the  forehead  and  on  the 
back  along  the  spinal  column. 

Laboratory  examinations  were  essentiallj^  the  same  as  on  the  first  admission,  ex- 
cept that  the  eosinophiles  were  only  4.5  per  cent  and  anemia  had  developed,  with  a 
red  blood  cell  count  of  3,600,000,  a  white  blood  cell  count  of  17,650,  and  the  hemo- 
globin 42  per  cent.  X-raj'  films  of  the  chest  showed  increased  fibrosis  of  both  lower 
lung  fields.    The  long  bones  of  the  skull  were  negative. 

During  the  first  few  days  of  observation,  the  temperature  varied  between  sub- 
normal and  100. 4°F.,  the  pulse  between  80  and  110,  and  respirations  between  20  and 
28  per  minute.  The  patient  was  extremely  weak  and  continued  to  complain  of 
numbness  and  tingling  of  the  extremities.  Five  days  after  admission  he  developed 
a  wrist  drop  on  the  right  side.  On  the  ninth  day  it  was  found  that  there  were  firm, 
tender  nodules  along  the  brachial  artery  of  the  right  arm.  On  the  morning  of  the 
day  of  death  the  patient  complained  of  a  sudden  severe  pain  in  the  upper  part  of  the 
abdomen  on  the  left  side,  extending  into  the  left  flank  and  the  left  lower  part  of  the 
chest.  This  was  soon  followed  by  weakness  and  increasing  respirations.  The  tem- 
perature was  subnormal,  the  pulse  rate  92,  and  within  three  hours  he  died  without 
developing  any  signs  of  a  mass  in  the  left  upper  quadrant. 

Necropsy  Findings.  There  was  an  extensive  perirenal  hemorrhage  arising  from 
the  left  kidney;  periarteritis  nodosa  involving  the  vessels  of  the  kidney,  liver,  mesen- 
tery, and  mitral  valve;  perirenal  hematoma  on  the  left;  slight  serosanguinous  ascites; 
bronchopneumonia;  pulmonarj'  congestion  and  edema;  emphysema;  anthracosis; 
anemia;  slight  hypertrophy  of  the  femoral  marrow;  and  slight  generalized  enlarge- 
ment of  the  lymph  nodes. 

Comment.  A  man  fifty-three  years  of  age,  had  had  recurrent  attacks  of 
chronic  cough,  expectoration,  and  asthma  with  eosinophiha,  developed 
hypertension,  signs  of  peripheral  neuritis,  progressive  loss  of  weight,  and 
small  nodules  along  the  brachial  arten.-,  over  the  forehead,  and  over  the 
spine.  He  had  an  anemia  with  leucocytosis  and  attacks  of  asthma  with 
eosinophiha.  On  the  day  of  death  he  was  .seized  with  a  severe  pain  in  the 
upper  part  of  the  abdomen  on  the  left  side  and  died  within  three  hours. 
The  necrops)'  showed  the  characteristic  lesions  of  periarteritis  nodosa 
involving,  among  other  structures,  the  kidney  and  a  massive  perirenal 
hematoma. 

Perirenal  hemorrhage  as  a  fatal  complication  of  periarteritis  nodosa  has 
been  described  by  Weaver  and  Perry,  (2)  who  stated  that  they  were  able 
to  find  descriptions  of  8  ca.ses  of  periarteritis  nodosa  in  which  death  was  due 
to  renal  or  perirenal  hemorrhage.  It  is  well  to  remember,  then,  that  any 
patient  with  periarteritis  nodosa  who  complains  of  .sudden  pain  in  the  flank 
followed  b}'  progressive  weakness  may  have  hemorrhage  into  the  perirenal 
tissues  resulting  from  a  mpture  of  one  of  the  vessels  of  the  kidnej'  or  the 
surrounding  structures. 
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DISCUSSION 

For  purposes  of  discussion,  perirenal  hematomas  are  usually  divided  into 
two  groups:  traumatic,  and  non-traumatic  or  spontaneous.  The  cases 
following  trauma  have  been  discussed  thoroughly  l)y  Sohn  (3),  Joyce  (4), 
Bailey  (5),  and  Cole  (6),  and  an  excellent  review  of  the  subject  of  the 
spontaneous  perirenal  hematomas  has  been  made  by  Polkev  and  \'vna- 
lek(l). 

Cases  of  post-traumatic  perirenal  hemorrhage  are  becoming  more  fre- 
quent and  important  on  account  of  the  increasing  number  of  automobile 
accidents.  Every  surgeon  who  has  studied  these  cases  stresses  the  diffi- 
culty of  distinguishing  between  peritonitis  and  the  retroperitoneal  process. 
One  of  the  reasons  for  the  confusion  is  due  to  the  association  of  paralytic 
ileus  with  retroperitoneal  hemorrhage.  A  small  number  of  such  patients 
have  been  operated  on  for  a  suspected  intra-abdominal  lesion  and  only  an 
inhibition  ileus  has  been  found  (3,  4  and  6). 

It  has  been  shown  hy  Demel  (7)  that  the  presence  of  blood  in  the  retro- 
peritoneal space,  especially  in  the  region  of  the  splanchnic  nerves,  will  cause 
meteorism  of  the  intestines,  and  Cole  (6)  has  reported  cases  in  which  it  was 
impossible  to  exclude  peritonitis  before  abdominal  operation.  Abdominal 
pain  and  muscle  spasm  were  present  in  all  cases.  It  is  impossible,  there- 
fore, in  the  cases  that  occur  after  injury  to  decide  from  the  symptoms  and 
signs  alone  whether  or  not  an  early  peritonitis  is  present.  Among  other 
reasons  for  the  difficulty  in  diagnosis  in  the  post-traumatic  cases  is  the  fact 
that  there  may  be  no  anemia  and  that  a  mass  may  not  have  developed. 
If  hematuria  is  present,  the  possibility  might  be  considered.  When  in 
doubt,  the  diagnosis  is  made  by  means  of  surgical  exploration. 

In  the  non-traumatic  or  spontaneous  forms  of  the  disease,  the  onset  may 
Ije  sudden  or  insidious.  In  two  of  the  cases  reported  the  on.set  was  sudden, 
ljut  in  the  third  it  was  insidious.  When  the  onset  is  sudden,  there  is  an 
acute  attack  of  pain  in  the  region  of  the  kidnt\v,  often  associated  with 
nausea  and  \'omiting,  the  .sj-mptoms  and  signs  of  internal  bleeding,  and  the 
development  of  a  mass  in  the  flank.  Fever  and  leucocytosis  are  common 
within  a  few  days  after  the  onset  of  the  bleeding,  and  this  may  continue 
for  some  days,  as  in  Case  1.  Rigidity  of  the  muscles  about  the  costo- verte- 
bral angle  and  the  upper  part  of  the  abdomen  is  often  present,  especially 
in  cases  associated  with  renal  disease  or  infection.  Lumbar  swelling  and 
ecchymosis  are  infrequent,  but  such  signs  are  distinctive  when  they  occur. 

In  some  of  the  cases  described  in  the  literature,  abdominal  distension, 
vomiting,  and  disturbance  of  the  bowel  habits  are  observed.  .laundice 
may  be  present,  as  in  Case  2.  Hematuria  is  infrequent  unless  there  are 
lesions  in  the  pelvis  or  other  parts  of  the  kidney  to  account  for  it.  The 
findings  in  the  urine  depend  upon  the  pre-existing  renal  disease. 

In  most  of  the  reported  cases,  the  course  of  the  disea.se  is  that  of  a  rapidly 
progressive  hemorrhage,  as  in  Cases  2  and  3,  but  in  some  it  is  more  chronic. 
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as  in  Case  1.  In  the  vast  majority  of  cases  the  patients  die  within  a  few 
days  unless  the  kidney  is  removed  and  the  hemorrhage  is  controlled.  In  a 
few,  the  process  becomes  chronic  and  organization  of  the  blood  clot  with  or 
without  calcification  follows  (8).  These  cases  are  usualh'  the  post-trau- 
matic ones.  The  late  features  of  the  process  are  of  interest  and  will  now 
be  discussed. 

LATE  FEATURES  OF  PERIRENAL  HEMATOMA 

It  has  been  stated  above  that  most  patients  who  develop  perirenal  hema- 
toma die  unless  they  are  operated  on  and  the  bleeding  is  controlled.  Nat- 
urally spontaneous  hemorrhage  is  much  more  serious  on  account  of  the 
underlying  lesion  which  is  responsible  for  it.  That  some  patients  recover 
after  the  development  of  a  large  perirenal  hematoma,  without  operation,  is 
clear  from  the  report  of  Colston  (8),  which  deals  with  calcified  cysts  of  the 
kidney.  He  discusses  calcified  cysts  in  the  retroperitoneum  which  were 
about  the  kidney.  In  each  case  there  was  an  antecedent  history  of  a  severe 
injury  varying  from  two  and  one-half  to  thirty  years.  A  mass  was  palpable 
in  the  flank  in  four  cases  and  the  calcium  deposits  were  found  by  x-ray 
examination. 

Colston  traces  the  sequence  of  events  in  these  cases  somewhat  as  follows: 
After  an  injury  to  the  kidney  there  is  a  hemorrhage  which  ruptures  through 
the  capsule  of  the  kidney  into  the  .surrounding  tissues.  The  hematoma 
may  then  either  be  absoi'bed  or  undergo  organization  and  calcification. 
The  calcium  is  deposited  about  the  periphery  of  the  hematoma  as  well  as 
in  the  central  portion.  The  wall  consists  of  fibrous  tissue  with  irregular 
areas  of  calcification  and  fibrous  tissue  without  an  epithelial  lining.  To 
the  pathologist,  the  latter  feature  is  important  in  differentiating  the  calci- 
fied mass  due  to  an  organized  blood  clot  and  a  simple  cj'st  with  a  hemor- 
rhage into  it.    Ti-ue  cysts  are  lined  with  epithelium. 

The  natural  history'  of  a  hematoma  about  the  kidney,  then,  may  be 
complete  absorption,  organization,  and  calcification  (pseudo-cyst  forma- 
tion) or  death  from  continued  bleeding  or  the  underlying  disease.  The 
proper  treatment  when  the  condition  is  recognized  is  surgerj'. 

In  short,  the  diagnosis  of  a  perirenal  hematoma  may  be  made  if  a  patient 
with  or  without  known  kidney  disease  suddenly  has  an  attack  of  pain  in  the 
region  of  the  kidney  which  is  followed  by  the  signs  of  internal  hemorrhage  and  a 
mass  in  the  flank.  In  the  cases  following  trauma,  the  historj'  of  an  injury 
followed  by  abdominal  pain  and  distension  with  vomiting  and  the  signs 
suggesting  an  internal  hemorrhage,  together  with  pain  in  the  flank,  are  all 
suggestive.  In  these  cases  the  location  of  the  hemorrhage  is  made  by 
operation.  If  recovery  follows  without  operation,  the  hematoma  may 
organize  and  finally  calcify. 


SPONTANEOUS  PERIRENAL  HEMATOMA 


691 


SVMMAHY  AND  CONCLUSIONS 

Spontaneous  perirenal  hematoma  may  occvir  diuino;  tlie  course  of  disease 
of  the  kidney. 

Three  cases  are  desciibed.  One  occurred  as  a  complication  of  nephro- 
lithiasis and  pyelonephritis,  one  as  a  complication  of  periarteritis  nodosa, 
and  a  third  during,  the  course  of  hypertension  witli  vascular  disease. 

The  diagnosis  is  based  on  three  points:  The  sudden  onset  of  pain  in 
the  region  of  the  kidney,  the  symptoms  and  signs  of  internal  bleeding,  and 
tlie  appearance  of  a  ma.ss  in  the  region  of  the  kidney. 

I'he  treatment  is  surgical,  and  the  prognosis  depends  upon  the  underly- 
ing disease  of  the  kidnej^  and  the  degree  of  hemorrhage. 

Hemorrhage  about  the  kidne>'  in  the  retrojjeritoneal  space  may  also 
arise  from  the  aorta,  the  suprarenal  glands,  or  the  pancreas. 

Hematomas  about  the  kidney  may  be  completely  ab.sorbed  or  they  may 
undergo  organization  and  calcification.  The  diagnosis  in  these  cases  is 
made  from  the  previous  history  of  an  injury,  the  presence  of  a  mass  in  the 
flank,  and  a  calcified  area  in  the  region  of  the  kidney  that  is  detected  by 
.\-ray  examination. 

BIBLIOGR.\PHY 

1.  PoLKKY,  H.  J.,  AND  N'yxai.kk,  W.  J.:  Spontaneous  Xon-tiaumatic  Perirenal  and 

Renal  Hematomas.    .\ich.  Surg.,  26:  196,  1933. 

2.  Wkaver,  G.  K.,  and  Perry,  I.  H.:  Periarteritis  Nodosa.    Report  of  a  Case  with 

Fatal  Perirenal  Hemorrhage.    J.  A.  M.  \.,  104:  1390,  1935. 

3.  SoHX,   A.:  Die  spontanen   Massenblutungen   ins  Xierenlager  (Circumrenales 

Hiimatom).    Deutsch.  Ztschr.  f.  Chir.,  164  :  48,  1921. 

4.  Joyce,  J.  L.:  Subperitoneal  F^ffusion  Simulating  Acute  Intraperitoneal  Disease. 

Brit.  J.  Surg.,  12:  547,  1925. 

5.  Bailey,  H.:  Injuries  to  Kidney  and  Ureter.    Brit.  J.  Surg.,  11:  609,  1923-24. 

6.  Cole,  W.  H.:  Retroperitoneal  Hemorrhage  Simulating  Acute  Peritonitis.  J. 

A.  M.  A.,  96:  1472,  1931. 

7.  De.mel,  R.:  Kin  experimenteller  Beitrag  zu  den  retroperitonealen  Ursachen  der 

Darmparalyse  und  des  Meterismus.  Deutsch.  Ztschr.  f.  Chir.,  196:  28, 
1926. 

8.  Colston,  J.  A.  C:  Calcified  Cysts  of  the  Kidney.    Bull.  Johns  Hopkins  Hosp., 

51:  125,  1932. 


« 


THE  SIGNIFICANCE  OF  PLASMA  AND  BLOOD  VOLUME 
STUDIES  IX  CLINICAL  MEDICINE 


NORMAN  M.  KEITH,  M.D. 

[Division  of  Medicine,  Mayo  Clinic,  Rochester,  Minnesota] 

In  the  autumn  of  1914  several  of  us  who  were  members  of  the  staff  of 
Johns  Hopkins  Hospital  were  interested  by  our  chief,  Dr.  Janeway,  in 
studying  the  problem  of  total  blood  volume  in  essential  hypertension.  At 
that  time  certain  investigators  had  even  postulated  that  the  cause  of  the 
increased  blood  pressure  was  an  abnormally  large  blood  volume. 

Leonard  Rowntree  suggested  the  use  of  the  phthalein  compound,  tetra- 
chlorphthalein,  as  a  possibilitj'  for  developing  an  indirect  method  for  the 
estimation  of  blood  volume .  I  remember  well  our  first  experiment .  About 
ten  minutes  after  an  initial  intravenous  injection  of  this  phthalein  into  a 
dog,  a  sample  of  plasma  revealed  considerable  color  but  within  half  an 
hour  only  a  faint  trace  of  color  was  present.  This  led  to  our  consulting 
Dr.  Herbert  Evans,  the  anatomist,  who  at  that  time  was  keenly  interested 
in  vital  staining  dyes.  He  informed  us  that  he  was  then  experimenting 
with  a  dye,  vital  red,  which  he  had  observed  persisting  in  the  blood  of  a 
rat  for  many  days  and  that  such  a  rat  seemed  perfecth'  healthy.  He  kindly 
gave  us  some  of  his  stock  of  vital  red,  and  we  soon  learned  that  in  the 
normal  individual  the  dye  disappeared  slowh'  from  the  blood  stream  and 
had  little  or  no  toxicity. 

Rowntree  and  I  realized  that  although  we  had  in  our  possession  a  dj'e 
that  might  prove  useful  in  estimating  total  blood  volume,  there  were  many 
facts  connected  with  its  use  that  required  study.  These  included  mixing 
time,  disappearance  from  the  blood  stream  and  mode  of  excretion.  We 
were  surprised  to  find  that  the- dilution  of  the  dye  in  the  plasma  of  the  dog 
and  in  normal  human  subjects  gave  verj^  low  values  for  total  blood  volume 
when  compared  with  those  obtained  by  former  direct  washing  out  methods. 
This  fact  suggested  that  dilution  of  the  dye  might  be  limited  to  the  plasma 
and  that  the  dye  did  not  enter  the  red  blood  cells.  'Further  experiments 
proved  this  supposition  to  be  correct  and  in  order  to  estimate  the  total 
blood  volume,  the  hematocrit  was  employed  to  determine  the  relation 
between  the  volume  of  plasma  and  erythrocytes.  So  much  for  the  in- 
auguration of  a  dye  method  for  estimating  plasma  and  total  blood  vol- 
ume (26). 

Meek  and  Gasser  in  1917,  while  working  on  the  problem  of  experi- 
mental shock,  realized  the  importance  of  estimating  blood  volume  in  this 
condition  and  devised  a  method  using  solution  of  acacia.    They  were  able 

692 


PLASMA  AND  JiLOOD  VOLUME  STUDIKS 


693 


to  sliow  that  the  rate  of  disappearance  of  the  injected  acacia  was  slow  and, 
together  with  Erlanger,  that  its  concentration  was  increased  abnormally 
in  shock  (7).    This  latter  finding  indicated  a  reduced  blood  volume. 

Since  1914  much  has  been  accomplished  in  perfecting  the  dye  method. 
Several  groups  of  investigators  have  added  greatly  to  its  accuracy  and 
made  the  actual  estimation  easier  and  more  satisfactorj'.  These  in\-esti- 
gators  include  Harris,  Smith  and  Whipple  (4,  21)  and  their  co-workers, 
Rowntree,  Brown  and  Roth,  Gregersen  and  his  co-workers  (14-17),  Clibson 
and  Evans,  Sunderman  and  Austin,  and  in  the  last  year  Robinow  and 
Hamilton,  and  the  biochemist  Harington  and  his  co-workers.  However, 
all  of  these  workers  are  also  Cjuite  ready  to  admit  that  the  perfect  dye  and 
its  method  of  estimation  in  the  blood  have  not  yet  been  found  (6,  14). 

In  1935  Power  (25)  of  our  laboratory  devised  a  simple  reliable  quan- 
titative method  for  determining  the  concentration  of  acacia  in  small 
amounts  of  serum.  After  the  method  had  been  de^■ised,  he  and  I  waited 
for  a  favorable  opportunity  to  inject  acacia  into  normal  subjects  and 
estimate  its  disappearance  cur\e  from  plasma.  Two  years  ago  such  an 
attempt  was  made.  It  was  soon  evident  that  solutions  of  acacia,  even  in 
the  small  do.ses  we  injected,  caused  in  these  subjects  an  allergic  reaction 
in  the  form  of  urticaria.  Small  repeated  doses  of  histamine  were  then 
given  to  a  group  of  four  normal  persons  and  subsequently  solution  of  acacia 
was  injected.  Urticaria  did  not  occur.  A  satisfactorj'  disappearance 
curve  was  obtained  in  one  subject.  Like  that  of  Meek  and  Gasser  in  the 
dog  (fig.  1)  the  curve  showed  a  slow  drop  during  the  first  hour  (fig.  2). 
The  concentration  in  the  twent\"  minute  sample  was  chosen  for  jjlasma 
volume  estimation.  In  this  subject  and  three  others  the  plasma  \  olume 
ranged  from  33  to  52  cc.  per  kilogram  of  body  weight.  These  plasma 
\-olumcs  and  disappearance  curves  were  not  unlike  those  obtained  with  the 
dye  method  (10,  26,  30)  (fig.  3).  Some  changes  in  the  constituents  of  the 
blood  after  the  simple  intravenous  injection  of  40  cc.  of  solution  of  acacia 
are  shown  in  table  1.  Further  estimations  are  planned.  Dr.  Power  and 
I,  therefore,  believe  that  acacia  can  be  used  in  this  manner  for  the  estima- 
tion of  the  plasma  volume  of  nonallergic  persons.  It  may  have  certain 
advantages  over  the  dye  method  (24). 

Before  dismissing  the  question  of  methods  of  estimating  blood  \  olume, 
I  should  like  to  suggest  that  a  dye  or  acacia-like  substance  containing  a 
chemical  radical  easily  determined  quantitatively,  such  as  iodine,  might 
offer  the  ideal  substance  for  the  indirect  estimation  of  blood  \  olume. 

The  determination  of  plasma  and  blood  volume  by  the  dye  method  has 
given  us  a  much  clearer  insight  into  certain  mechanisms  which  occur  in 
anemia.  After  a  simple  hemorrhage  the  blood  volume  may  be  restored 
almost  immediately  and  it  is  only  in  the  subsequent  twenty-four  hours 
that  the  number  of  erythrocytes  diminishes  (table  2).  If  the  hemorrhage 
is  large  and  is  accompanied  by  trauma,  the  usual  rapid  inflow  of  fluid  may 
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be  delayed,  and  plasma  and  blood  volume  ma\'  be  reduced  for  a  time  but 
later  restored.  In  such  a  person  the  plasma  volume  may  be  even  greater 
for  a  few  days  than  normal,  seeming  to  compensate  partially  for  the  reduced 
red  cell  volume  (22).    Bennett  and  his  associates,  on  the  other  hand,  found 
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Fig.  1.  Four  disappearance  curves  following  intravenous  injection  of  solution 
of  acacia  or  the  dye  vital  red.  (Redrawn  from  Erlanger,  Physiol.  Rev.,  1:  177-207, 
1921.) 
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Fig.  2.  Two  disappearance  curves  of  acacia  in  the  same  normal  subject.  Estima- 
tions for  curves  made  approximatelv  five  months  apart.  (Keith  and  Power,  un- 
published data,  1939.) 


that  after  severe  gastric  hemorrhage  the  plasma  volume  never  rose  above 
the  normal  level.  As  recovery  from  hemorrhage  continues,  the  plasma 
volume  gradually  decreases;  the  erythrocyte  volume  rises  and  at  the  end 
of  approximately  three  weeks  all  three,  the  plasma,  erythrocyte  and  total 
blood  volumes,  re\'eal  normal  values  (fig.  4).  An  interesting  observation 
on  soldiers  suffering  from  wound  shock  and  hemorrhage  was  that  among 
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those  patients  receiving  large  infusions  of  solution  of  acacia  the  plasma 
vohime  rose  immediately  to  higher  levels  and  the  increased  volume  of 
plasma  persisted  longer  than  among  those  who  did  not  receive  solution 
of  acacia  (22)  (Hg.  5).  This  observation  is  in  agreement  with  the  fact  that 
acacia  is  removed  relatively  slowly  from  the  circulation  and  while  i)resent 

TABLE  1 


Changes  in  certain  constituents  of  the  blood  after  intravenous  injection  of  Ifi  cc.  of  6  per 

cent  solution  of  acacia 


HEMATOCRIT  READINQ, 

BLOOD  SERUM 

SUBJECT 

TIME 

PERCENT  OF  ERYTH- 

ROCYTES 

Acacia 

Total  nitrogen 

Chlorides 

minules 

mg.  per  100  cc. 

mg.  per  100  cc. 

mg.  per  100  cc. 

0 

45.7 

1,091 

378 

B 

10 

44.1 

68.8 

1.052 

378 

20 

44.0 

67.0 

1,046 

385 

31 

43.9 

67.0 

1,031 

380 

0 

47.9 

1,264 

365 

St. 

9 

45. S 

59.1 

1,186 

370 

21 

45.2 

57.0 

1,107 

367 

31 

46.3 

56.5 

1,072 

370 

60 

45.5 

54.1 

1,105 

370 

(0  =  before  injection  or  control.) 


TABLE  2 


Some  effects  of  simple  hemorrhage:  phlebotomy  in  arm;  man,  aged  19  years 


DATE, 

1918 

TIME 

BLOOD  PRESSURE, 
MM.  MERCURY 

PULSE 

HEMATOCRIT 

READING, 
PER  CENT  OF 

PLASMA 

BLOOD 

S>-s- 
tolic 

Dias- 
tolic 

RATE 

ERYTHRO- 
CYTES 

VOLUME 

VOLU.ME 

cc. 

cc. 

Before  phlebotomj- 

120 

80 

60 

37 

3,710 

5,890 

8/4  1 

880  cc.  removed  from  vein 

1  hour  after  phlebotomy 

120 

80 

60 

37 

3,820 

6,060 

8/5 

24  hours  after  phlebotomy 

100 

65 

64 

35 

3,420 

5,260 

8/11 

7  clays  after  phlebotomj' 

120 

75 

68 

32 

3,660 

5,380 

in  sufficient  concentration  tends  to  increase  the  actual  volume  of 
plasma  (25). 

In  chronic  anemias,  which  include  pernicious  anemia  and  secondary 
types,  the  process  of  recovery  as  indicated  by  a  rise  in  the  erythrocyte 
volume  is  accompanied  initially  often  by  a  large  plasma  volume.  As  the 
erythrocyte  volume  continues  to  rise,  the  plasma  volume  decreases  and 
we  have  a  similar  process  to  that  occurring  after  a  simple  hemorrhage 
(figs.  0,  7,  8  and  9).    These  volume  changes  among  patients  that  have 


696 


NORMAN  AI.  KEITH 
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Fig.  3.  Disappearance  curve  of  Dye  T-1824  in  normal  subject. 
Gibson  and  Evans,  J.  Clin.  Investigation,  16:  317-328,  1937.) 


(Redrawn  from 
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Days 

Fig.  4.  A  case  of  severe  primary  hemorrhage  with  associated  wound  shock. 
Changes  in  plasma  volume,  blood  volume  (dj-e  method)  and  hematocrit  during 
recovery.  Note  early  increase  of  plasma  volume.  (Redrawn  from  Keith,  ^ledical 
Research  Committee,  Special  Report  Series  Number  27,  1919.) 

anemia  thus  afford  a  definite  basis  for  proper  treatment.  If  the  patient 
is  in  shock,  the  primaiy  need  is  for  fluid  to  increase  the  circulating  plasma, 
while  after  that  portion  is  restored,  the  cellular  elements  of  the  blood  are 
then  most  needed. 
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Our  onsuial  ohjoctive  tvvonty-Hvo  years  ago  was  to  study  blood  volume 
in  relation  to  a  clinical  condition  or  disease,  essential  hypertension.  There- 
fore in  the  early  work  after  establishing  normal  control  \alues,  we  did 
make  seA  eral  plasma  and  blood  \  olume  determinations  on  hypertensive 


^   4    6   a  10  U  14  16  16 
Days 

Fig.  5.  A  case  of  severe  primary  hemorrhage  with  associated  severe  wound  shock 
Cha..ges  in  plasma  vo  ume,  blood  volume  and  hematocrit  during  reco^ry  Solution 
of  acacia  was  injected  mtravenously  after  the  initial  estimations.    Note  proScd 


persons.  Our  results  and  those  of  others  since  have  revealed  ^•alues  within 
the  normal  range  (19,  2G,  30).  A  few  cases  of  anemia  and  other  clinical 
states  were  also  studied,  but  the  supply  of  vital  red  soon  ran  out  and  no 
more  could  be  procured  then. 

Smce  then  the  blood  ^•olume  has  received  due  consideration  in  the  study 
of  many  different  clinical  states  (table  3).    It  is  diminished  definitely,  as 
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W.R. 


Pernicious  anemia 
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Fig.  6.  A  case  of  pernicious  anemia.  Changes  in  plasma  volume  and  concentra- 
tion of  hemoglobin  during  a  spontaneous  remission.  Xote  decrease  in  plasma 
volume  with  rise  in  concentration  of  hemoglobin.  (Redrawn  from  Keith,  .\m.  J. 
M.  Sc.,  165:  174-184,  1923.) 


tJH  Mqelooenous  iGuKcmia 


10.    Z.0     30    40     50  60 
Daxjs  under  observation 

Fig.  7.  A  case  of  myelogenous  leukemia.  Changes  in  plasma  volume  and  con- 
centration of  hemoglobin  during  recovery  from  a  severe  hemorrhage.  Xote  de- 
crease in  plasma  volume  as  hemoglobin  concentration  rose.  (Redrawn  from  Keith, 
Am.  J.  M.  Sc.,  165:  174-184,  1923.) 

mentioned  previou.sly,  in  wound  shock.  It  i.s  also  diminished  when  out- 
spoken dehydration  is  present,  for  example,  after  persisting  severe  vomit- 
ing, diarrhea  or  sweating,  and  after  large  areas  of  the  skin  have  been  burned. 
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Gibson  1939 
Pernicious  Anemia 
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Fig.  8.  A  case  of  pernicious  anemia.  Changes  in  plasma  volume,  blood  volume, 
red  cell  volume  and  total  hemoglobin  during  a  remission  due  to  liver  extract  therapy. 
With  rise  in  hemoglobin  note  decrease  in  plasma  volume.  (Redrawn  from  Gibson, 
J.  Clin.  Investigation,  18:  401-414,  1939.) 
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Fig.  9.  Changes  in  plasma  volume,  blood  volume  and  red  cell  volume  in  cases  of 
different  types  of  anemia  during  a  recovery  phase.  Note  decrease  in  plasma  volume 
with  rise  in  red  cell  volume.  (Redrawn  from  Gibson,  Harris  and  Swigert,  J.  Clin. 
Investigation,  18:  621-632,  1939.) 


Marriott  in  1920  demonstrated  by  the  dye  method  such  a  decrea.se  of  blood 
volume  in  so-called  athrepsia  of  infants.  All  are  agreed  that  in  heart 
disease  associated  with  severe  mvocardial  failure  there  is  an  increase  of 
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both  plasma  and  total  blood  volume.  With  restoration  of  adequate 
cardiac  function  the  volume  returns  to  the  normal  level  (11).  In  th3-roid 
disease  both  oligemia  and  polyemia  are  present,  the  former  in  myxedema 
(2,  12,  32)  and  the  latter  in  some  cases  of  exophthalmic  goiter  (2,  3,  12). 
In  severe  chronic  anemias  the  plasma  volume  is  usuallj'  increased  (5,  8,  13, 
19,  23,  30),  but  with  restoration  of  erythrocyte  volume  both  plasma  and 
total  blood  volume  approximate  the  normal  (8,  13,  23).  In  clinical  condi- 
tions associated  with  splenomegaly,  with  or  without  anemia,  the  blood 
volume  is  variable  and  when  found  increased  it  may  not  fall  after  splenec- 
tomy (30) .  Finally  all  investigators  are  agreed  that  in  polycythemia  vera 
there  is  a  very  large  abnormal  blood  volume,  the  great  increase  being  due 
to  a  remarkable  increase  in  the  actual  volume  of  erythrocytes  (13,  30). 

TABLE  3 

Plasma  and  blood  volume  in  clinical  states 


Wound  shock  

Dehydration  

Myxedema  

Hyperthyroidism  

Congestive  heart  failure 

Pernicious  anemia  

Secondary  anemia  

Myelogenous  leukemia.. 
Polycythemia  vera  

— ,  decreased  below  normal. 
+  ,  increased  above  normal. 

The  variations  of  blood  volume  revealed  in  the  clinical  pathologic  condi- 
tions mentioned  in  the  previous  paragraph  are  not  necessaiily  sudden  or 
rapid;  they  are  in  the  category  of  more  or  less  steady  states.  It  .should  also 
be  emphasized  at  this  point  that  these  variations  have  been  demonstrated 
by  the  original  dye  method  as  well  as  by  its  numerous  modifications.  In 
my  experience  the  pi'esent  methods  for  indirect  estimation  of  plasma  and 
blood  volume  have  not  been  so  reliable  or  helpful  as  thej^  might  be  in  study- 
ing rapid  or  sudden  physiologic  changes  such,  for  example,  as  we  might 
expect  to  occur  during  marked  diuresis.  For  the  accurate  study  of  these 
possible  rapid  changes  of  blood  volume,  further  perfection  of  technical 
methods  is  a  worthy  objective. 
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COMMENT 

The  ideal  method  of  estimating  plasma  and  blood  volume  has  still  to  be 
discovered.  However,  with  the  methods  at  present  available  important 
changes  have  been  found  to  occur  in  several  clinical  conditions.  This  is 
particularly  true  in  wound  shock,  dehydration  and  polycythemia  and  after 
hemorrhage.  Much  also  has  been  learned  regarding  the  recovery  phases 
in  acute  hemorrhage  and  in  different  types  of  anemia.  These  new  facts 
iiave  led  to  a  better  understanding  of  such  physiologic  disturbances  and 
hence  to  the  application  of  beneficial  treatment. 
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[From  the  Medical  Services  and  the  Department  of  Laboratories,  The  Mount  Sinai 

Hospital] 

Jaundice  in  varying  degree  is  a  fairly  common  complication  of  lobar 
pneumonia.  Thus,  in  a  recent  series  of  645  consecutive  cases  at  our  in- 
stitution, 42  were  complicated  by  jaundice.  Its  appearance  has  usually 
been  accorded  serious  prognostic  import.  In  the  pre-sulfapyridine  era 
the  mortality  rate  for  one  .series  of  cases  with  jaundice  was  50  per  cc^nt  as 
compared  with  a  rate  of  18.0  per  cent  in  non-jaundiced  cases.  This  higher 
mortality  rate  has  led  to  an  active  interest  in  the  possible  causes  of  the 
jaundice. 

Many  theories  have  been  advanced  to  explain  it.  Some  of  these  are 
obviously  untenable,  while  others,  supported  by  experimental  data,  appear 
plausible.  It  has  been  attributed  variously  to  gastroduodenitis,  to  dis- 
turbance in  intrahepatic  circulation,  to  the  breakdown  of  hemoglobin  in  red 
hepatization  of  the  lung,  and  to  hemolysis  by  pneumococci.  All  the.se 
theories  have  proved  inadequate. 

In  1933  Dr.  Paul  Klemperer  and  one  of  the  authors  (F.  K.)  studied  the 
histological  alterations  of  the  liver  in  patients  dying  of  lobar  pneumonia. 
Parenchymal  degeneration  of  greater  or  lesser  extent  was  occasionally 
noted.  A  more  freciuont  finding  was  cliolangiolitis.  Both  of  the.se  histo- 
logic findings  seemed  inadequate  to  explain  the  icterus,  especially  since  they 
were  ob-served  in  non-icteric  cases  as  well.  Recently  Klemperer  and  Ger- 
ber  (1)  reviewed  the  pathologic  findings  in  the  liver  in  cases  of  lobar  pneu- 
monia. As  in  the  study  mentioned  above  they  failed  to  find  cholangiolitis 
consistently  enough  to  attribute  jaundice  to  it  alone. 

The  best  explanation  yet  advanced  has  been  that  of  Rich  (2).  The 
observation  had  repeatedly  been  made  that  in  severe  anemias,  such  as 
pernicious  anemia,  with  conseciuent  tissue  anoxia,  the  liver  may  manifest 
central  necrosis  of  var>'ing  extent  with  associated  disturbance  of  function. 
Moreover,  Rich  had  demonstrated  that  rats  placed  in  low-oxygen-tension 
chambers  develop  a  diminished  ability  to  excrete  intravenously  injected 
bilimbin,  and  that  the  livers  of  these  animals  show  degeneration  of  cells 
in  the  region  of  the  central  veins.  He  then  proposed  the  theory  that  the 
anoxemia  which  occurs  in  lobar  pneumonia,  by  its  injurious  effect  on  the 
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liver,  renders  this  organ  less  efficient  in  the  excretion  of  circulating  bilirubin, 
which  in  many  cases  of  pneumonia  is  mildly  increased.  This  combination 
of  hyperbilirubinemia  and  the  impaired  ability  of  the  liver,  damaged  by 
anoxemia,  to  excrete  the  pigment  efficiently  would  seem  to  constitute  the 
essence  of  the  pathological  physiology  of  jaundice  complicating  lobar 
pneumonia. 

In  the  absence  of  a  definite  pathologic  picture  to  explain  the  occurrence 
of  jaundice,  the  functional  hypothesis  of  Rich  was  deemed  worthy  of  clini- 
cal investigation.  This  study  seemed  to  us  to  draw  additional  significance 
from  the  po.s.sibilit3'  that,  if  the  theory  could  be  substantiated  clinically, 
such  a  functional  disturbance  might  be  found  to  be  reversible.  Thus, 
jaundice  might  be  diminished  or  averted,  by  the  routine  administration  of 
oxygen  to  anoxemic  cases. 

Method:  The  series  studied  by  us  comprised  29  cases  of  lobar  pneumonia 
caused  by  pneumococci  of  various  tj^Des.  As  soon  after  admission  as  feasi- 
ble, usually  within  a  few  hours,  brachial  artery  punctui'e  was  performed 
and  determination  was  made  of  the  oxygen  content  and  oxygen  carrying 
capacity  of  the  arterial  blood  by  the  method  of  Van  Sh^ke  and  Xeill  (3). 
In  isolated  instances  where  oxygen  administration  had  already  been  begun, 
the  brachial  arterj'  puncture  was  not  done  until  after  discontinuance  of  oxy- 
gen therapj'^  for  about  a  half  hour.  Immediately  following  the  arterial  punc- 
ture, the  bilirubin  excretion  test  was  performed  according  to  the  modifica- 
tion by  Soffer  and  Paulson  (4)  of  the  original  test  b\'  Eilbott  (5).  In  this 
manner  the  initial  blood  level  of  bUirubrn  was  determined,  as  well  as  the 
percentage  of  retention  four  hours  after  intravenous  administration  of  a 
predetermined  amount  of  this  pigment.  Five  per  cent  retention  of  bili- 
rubin after  four  hours  was  considered  the  upper  limit  of  normal.  Notation 
was  made,  as  indicated  in  the  accompanying  table,  of  the  tj'pe  of  pneu- 
mococci in  the  sputum,  the  pre.sence  or  absence  of  bacteremia  as  shown  by 
blood  culture,  the  hemoglobin  at  the  time  of  the  blood  determinations,  and 
of  therapy  such  as  could  conceivably  affect  the  data.  Because  of  its  un- 
reliability in  the  presence  of  jaundice,  the  bilirubin  excretion  test  was 
omitted  in  instances  in  which  jaimdice  was  demonstrable. 

DISCUSSION'  • 

As  can  be  seen  from  reference  to  Chart  1 ,  there  is  no  obvious  correlation 
in  these  clinical  cases  between  the  degree  of  anoxemia  and  the  ability  of  the 
liver  to  excrete  intravenou.sly  injected  bilirubin.  Ca.se  13,  the  most  anox- 
emic in  the  series,  with  an  arterial  blood  oxygen  saturation  of  only  73.5  per 
cent  showed  no  bilirubin  retention.  Case  28,  with,  an  oxygen  saturation 
of  85.4  per  cent  showed  retention  of  5.8  per  cent  which  represents  the  slight- 
est impairment,  this  figure  being  very  close  to  the  upper  limit  of  normal. 
On  the  other  hand  in  Case  17,  in  whom  moderate  anoxemia  existed,  the 
arterial  saturation  being  88.3  per  cent,  there  was  a  bilirubin  retention  of 
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15.4  per  cent.  Case  5,  who  had  a  biUrubin  retention  of  10  per  cent,  had  a 
normal  oxygen  saturation  of  95.4  per  cent.  In  this  instance  the  latter 
determination  was  made  after  o.xygeii  had  been  given  for  12  hours.  Al- 
though oxygen  therapy  had  been  discontinued  for  one-half  hour  before 
arterial  blood  was  drawn,  the  relationship  here  is  not  conclusive.  Case  23, 
showuig  marked  bilirubin  retention  (12.1  per  cent)  had  only  moderate  oxy- 
gen unsaturation  (90.1  per  cent).  Other  cases  with  impaired  bilirubin 
excretion,  le.'^s  marked  than  tho.se  mentioned  above,  .showed  little  or  no 
oxygen  unsaturation;  con\'ersely,  cases  with  more  marked  anoxemia 
showed  little  or  no  impairment  of  bilirubin  excretion. 

Because  of  the  limited  number  of  ca.ses  and  the  failure  to  demonstrate 
an  obvious  correlation  between  anoxemia  and  jaundice,  trend  graphs  were 
constructed  plotting  the  figures  for  both  oxygen  content  and  percentage 
saturation  against  blood  bilirubin  and  bilirubin  retention.  These  graphs 
likewi.se  failed  to  reveal  a  relationship  between  these  variables. 

It  will  be  noted  in  table  1  that  many  of  the  patients  had  received  initial 
doses  of  sulfapyridine  before  the  tests  were  performed.  On  the  basis  of 
experience  with  the  action  of  this  drug  it  is  belie\'cd  highly  unlikely  that 
the  blood  determinations  were  at  all  influenced  by  these  small  initial  doses 
of  sulfapyridine. 

SUMMARY 

1.  Twenty-nine  cases  of  lobar  pneumonia  were  studied  with  a  view  to 
determining  the  relation.ship,  if  any,  between  anoxemia  and  the  occurrence 
of  jaundice  in  this  disease. 

2.  No  obvious  relationship  could  be  demonstrated  between  anoxemia 
and  the  presence  of  jaundice  or  of  disturbance  of  liver  function  as  deter- 
mined by  the  bilirubin  excretion  test. 

3.  Construction  of  trend  graphs,  plotting  oxygen  content  and  percentage 
saturation  against  blood  bilirubin  content  and  bilirubin  retention,  likewise 
failed  to  uncover  any  relationships  between  these  factors. 
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Few  neoplasms  have  aroused  more  interest  or  excited  greater  differences 
of  opinion  than  the  group  of  primary  neoplasms  of  the  pleura.  Since  the 
first  description  by  Wagner  (1)  in  1870  much  has  been  written  regarding 
their  classification,  and  the  different  names  applied  from  time  to  time  to 
the  increasing  number  of  cases  are  indicative  of  the  lack  of  agreement 
among  authors  as  to  the  point  of  origin  of  the  growth. 

The  name  that  has  been  applied  most  frequently  is  "endothelioma," 
founded  upon  the  belief  that  lymphatic  endothelium  was  the  source  of 
the  tumor.  The  presence  within  the  tumor  mass  of  numerous  canalicular 
formations  lined  by  atypically  proliferated  cells,  which  in  shape  and  cyto- 
logic features  resembled  those  of  the  h'mphatic  endothelium,  seemed  to 
justify  this  view.  Borst  (2),  Hansemann  (3),  and  Ravenna  (4),  among 
others,  held  to  this  opinion. 

However,  other  experienced  pathologists  such  as  Benda  (5),  Borrmann 
(6),  Krumbein  (7),  and  Kux  (8)  disagreed,  and  suggested  that  the  matrix 
of  all  pleural  tumors  should  be  searched  for  in  the  serosal  lining  cells. 
Because  of  the  belief  prevalent  at  that  time  that  the  lining  cells  of  serosal 
membranes  were  derived  from  celomic  epithelium,  tumors  arising  from 
them  were  accordingly  called  "carcinomas." 

On  the  other  hand,  in  other  cases  on  record,  canalicular  formations 
suggesting  "endothelioma,"  as  well  as  nests  of  cells  in  alveolar  arrange- 
ment which  gave  the  appearance  of  an  epithelial  growth,  were  both  present 
in  the  same  tumor.  For  these  no  better  term  could  be  found  than  the 
non-committal  one  of  "endothelial  carcinoma."  This  was  the  conception 
of  Rosembaum  (9).  Others  (Fischer- Wasels  (10),  Marras  (11))  tried  to 
explain  this  polymorphic  picture  as  resulting  from  the  proliferation  of 
misplaced  "rests"  of  embryonic  epithelial  cells.  However,  a  different 
opinion  was  voiced  by  Xatali  (12)  who  accounted  for  the  presence  of 
both  endothelial  channels  and  epithelium-like  formations  on  the  basis  of 
atypical  proliferation  of  endothelial  cells  which,  in  keeping  with  their 
multifarious  tendencies,  could  lead,  once  stimulated,  to  cellular  growths 
of  heterogenous  appearance. 

According  to  D'Alessandro  (13),  all  primary  pleural  neoplasms,  whether 
originating  from  the  lining  cells  of  the  pleura  or  from  the  subserous  con- 

*  Fellow,  Dazian  Foundation  for  Medical  Research,  Xew  York,  Xew  York. 
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nective  tissue  or  from  the  lymphatic  endothelivmi,  and  r(>gardless  of  their 
histology,  ought  to  be  regarded  as  varieties  of  ''sarcoma"  because  of  the 
mesenchymal  nature  of  all  possible  sources  of  the  tumor. 

According  to  Ley  (14),  there  are  no  primary  pleural  tumors,  in  the 
sti'ict  meaning  of  the  word;  most  of  the  tumors  reported  as  primary  in 
the  pleura  can  l)e  shown  on  critical  examination  to  l)e  the  result  of  second- 
ary spread  from  an  underlying  pulmonary  neoplasm.  Banyai  and  Grill's 
(15)  "pleuro-pulmonary"  endothelioma  lends  suj^port  to  this  belief.  How- 
ever, several  reports  of  undoubted  primary  pleiual  neoplasms  make  this 
view  untenable  in  all  but  exceptional  cases. 

Klemperer  and  Rabin  (10),  from  a  ci'itical  re\  iew  of  the  literature  and 
from  a  personal  stud}'  of  numerous  cases  advocated  a  '"unitarian"  con- 
cept of  the  origin  of  pleural  neoplasms.  Primary  pleural  neoplasms  are 
divided  by  them  into  two  main  groups,  one  comprising  those  which  are 
localized,  and  the  other  tho.se  involving  the  entire  pleura  and  usually 
completely  ensheathing  the  lung.  The  former  comprises  many  histologic 
types  of  benign  and  malignant  cell  forms  which  possess  the  characteristics 
of  a  common  origin  within  the  .sub.serous  coimective  ti.ssue.  The  ditfu.se 
form,  on  the  other  hand,  arises  from  the  surface  lining  cells — the  meso- 
thelium — and  .should  therefore  be  designated  "mesotheliomas."  In  keep- 
ing with  the  variegated  potentialities  of  me.sothelial  ceils,  they  have  the 
ability  to  give  rise  to  growths  containing  a  variety  of  elements,  either 
epithelial  or  mesenchymal  in  type.  From  this  standpoint  the  wide  mor- 
jjhological  variations  which  for  so  long  a  time  had  l)een  a  source  of  endless 
disputes  become  easily  explained. 

Histologic  peculiarities  of  inteicst  in  this  connection  were  clearly  dis- 
played by  an  unusual  pleiual  tumor  which  recently  came  under  obser- 
vation. 

CASE  REPORT 

History  {\dm.  416194 ;  P.M.  1062!)).  B.  R.,  a  60  year  old  woman,  was  admitted  to 
The  Mount  Sinai  Hospital  on  November  3,  1937,  with  the  chief  complaint  of  pain 
in  the  left  side  of  the  chest,  accentuated  by  breathing.  In  the  last  year  she  had  had 
frequent  attacks  of  palpitation,  and  for  two  weeks  (following  a  "cold")  had  had 
severe  cough  accompanied  by  abundant  whitish  expectoration,  which  on  one  oc- 
casion contained  blood.    Low-grade  fever  began  only  a  few  days  before  admission. 

Examination.  On  admission  the  patient  was  weak  and  dyspneic.  There  was 
flatness  to  percussion  over  the  entire  left  side  of  the  chest,  and  absence  of  fremitus 
and  breath  sounds.  The  trachea  appeared  deviated  to  the  right.  The  heart  was  not 
enlarged.  However,  it  appeared  displaced,  the  right  border  being  situated  2  cm.  to 
the  right  of  the  midline.  The  second  aortic  sound  was  greater  than  the  second  pul- 
monic sound.  Gallop  rhythm  and  jnilsus  alternans  were  nottid.  The  blood  pres- 
sure was  160  systolic  and  100  diastolic. 

Course.  Fluid  was  aspirated  from  the  left  chest  but  reaccumulated  rapidly;  its 
bloody  character  suggested  the  existence  of  a  pleural  neoplasm,  an  impression  which 
was  confirmed  by  the  results  of  an  exploratory,  lung  aspiration.  \  small  piece  of 
tissue  was  withdrawn  with  the  aspirating  needle  and  microscopic  examination  showed 
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it  to  be  composed  of  irregular  reticulum-like  cells  and  of  small  round  cells  with  deeply 
stained  nucleus,  resembling  lymphocytes.  Radiotherapy  was  initiated.  However, 
the  course  was  rapidly  downhill,  the  patient  became  progressively  weaker,  auricular 
flutter  developed  and  she  expired  on  December  23,  1937. 

Necropsy  findings.''  The  body  was  that  of  a  well  developed,  small,  thin  woman  of 
about  60  years  of  age.  The  mucous  membranes  were  pale  and  the  skin  had  a  peculiar 
dusky  color;  however,  there  were  no  signs  of  cyanosis  and  the  fingers  and  toes  showed 
no  clubbing.  A  small  pedunculated  polyp  of  the  skin  was  seen  on  the  lower  left  ab- 
dominal wall. 

Chest.  Except  for  a  few  easily  broken  fibrous  adhesions,  the  right  pleural  cavit}' 
was  clear.  The  left  pleural  space  contained  an  abundance  of  serous  blood-tinged 
fluid  and  in  addition  a  huge  nodular  mass  (fig.  1) .  The  latter  almost  entirely  encased 
the  left  lung  which  was  compressed  and  collapsed  to  about  one-half  its  usual  volume 
(fig.  2).  The  tumor  was  firmly  adherent  to  the  parietal  pleura  and  somewhat  less 
firmly  bound  to  the  visceral  pleura.  On  the  diaphragmatic  portion  of  the  former  the 
tumor  appeared  in  the  form  of  several  discrete  polypoid  masses,  varying  from  2  to  6 
cm.  in  diameter.  Over  the  anterolateral  aspect  of  the  left  upper  lobe  the  continuity 
of  the  enveloping  mass  was  broken ;  here  the  visceral  pleura  of  the  surface  of  the  lung 
was  visible  over  a  roughly  circular  area  6  cm.  in  diameter.  However,  at  the  extreme 
apex  of  the  lobe  a  spherical  cherry -sized  nodule  of  tumor  tissue,  denseh'  adherent  to 
the  visceral  pleura,  was  present.  On  the  mediastinal  surface  the  tumor  mass  was 
about  2.5  cm.  thick  and  extended  to  the  parietal  pericardium.  The  tumor  itself  had 
a  uniformly  firm,  though  not  hard,  consistence,  and  both  externall)'  and  on  the  cut 
surface  showed  a  homogeneous,  gray-yellow,  waxy  color.  Except  for  the  upper  por- 
tion of  the  upper  lobe  and  most  of  the  lower  lobe,  which  were  encased  and  largely 
penetrated  by  the  above-described  mass,  there  was  no  other  discrete  tumor  tissue 
within  the  left  lung  resembling  the  external  tumor  mass.  In  the  tumor-free  areas 
the  pulmonary  parenchyma  was  soft,  somewhat  dry,  and  pinkish  in  color,  with  the 
usual  anthracotic  markings.  This  was  also  the  appearance  of  the  right  lung  which 
on  the  most  careful  examination  did  not  reveal  the  presence  of  any  area  having  the 
semblance  of  tumor  tissue .  The  only  abnormal  findings  offered  by  the  right  lung  were 
two  small  subpleural  calcified  nodules,  one  in  the  axillary  and  the  other  in  the  para- 
vertebral region.  The  trachea  as  well  as  the  bronchi  showed  no  unusual  features. 
There  was  moderate  arteriosclerosis  of  the  pulmonic  arteries;  the  veins  seemed  to 
be  intact.  The  tracheobronchial  lymph  nodes,  which  were  somewhat  anthracotic, 
did  not  show  any  involvement  by  tumor,  being  small  and  of  the  usual  soft  consistence. 
The  normal  appearance  of  the  superior  mediastinum  was  unchanged  as  was  the  mu- 
tual relationship  of  its  structures.  No  grossly  recognizable  thymic  tissue  remained 
and  the  great  vessels  at  the  base  of  the  heart  were  covered  by  a  small  quantity  of 
yellow  fat.  The  parietal  pericardium  was  densely  adherent  to  the  mediastinal 
pleura  as  described  above.  The  internal  surface  of  the  pericardium,  however,  was 
clear  and  smooth,  and  the  sac  contained  a  moderate  amount  of  clear  yellow  fluid. 
There  was  no  evidence  of  tumor  in  the  myocardium  which  everywhere  appeared  to  be 
firm  in  consistence  and  red  in  color.  The  heart  weighed  295  grams.  There  was  noted 
calcification  of  the  mitral  valve  ring,  hypertrophj-  of  the  right  and  left  ventricles, 
dilatation  of  the  right  auricle  and  ventricle,  and  coronary  arteriosclerosis. 

Abdomen.  No  fluid  was  found  on  opening  the  abdominal  cavity;  both  parietal 
and  visceral  peritoneum  were  perfectly  smooth  and  glistening  everywhere.  The 
dome  of  the  diaphragm  rested  at  the  fourth  intercostal  space  on  the  right  side  and  at 
the  fifth  on  the  left  side.    The  liver  was  very  small,  weighing  860  grams.    It  was  con- 

2  Necropsy  was  performed  on  December  23, 1937  by  Dr.  Plant.  Because  of  limited 
permission  the  organs  were  removed  through  an  abdominal  incision. 
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gestcd  and  in  a  rather  limited  area  showed  three  or  four  subcapsular  nodules,  about  2 
mm.  ill  diameter,  which  projected  a  few  millimeters  into  the  liver  parenchyma  and 
had  a  homogeneous  pale  tan  appearance.  The  spleen,  which  was  also  congested, 
displayed  prominent  trabeculation  and  increased  size  of  follicles;  it  weighed  125 
grams.  Except  for  the  presence  of  a  multilocvUated  thin-walled  cyst,  about  2  cm. 
to  the  left  of  its  head,  the  structure  of  the  pancreas  was  not  unusual.  The  esophagus 
and  stomach  showed  no  abnormalities.  The  mucosa  of  the  small  intestine  was 
slightly  injected,  and  a  firm,  submucosal,  sessile,  polypoid  mass,  2  mm.  wide,  was 
found  in  the  ileum.  A  similar  polypoid  structure,  somewhat  larger,  was  detected 
in  the  cecum,  2  cm.  from  the  ileocecal  valve.  This  was  flattened  and  contained  a 
central  ulcerated  portion  which  was  white  in  contrast  to  the  rest  of  the  mass.  The 
mass  itself  was  darker  than  the  surrounding  mucosa  and  had  a  blue-green  cast.  Both 
kidneys  were  similar  in  size,  shape,  and  color;  together  they  weighed  285  grams. 
Both  had  a  dark  red  color  and  their  surfaces  were  for  the  most  part  smooth  except 
for  a  small  number  of  stellate  depressed  and  puckered  scars.  The  architecture  of 
both  the  cortex  and  the  medulla  was  well  preserved;  however,  the  corticomedullary 
demarcation  was  slightlj'  indefinite.  In  the  right  kidney  there  were  in  addition 
several  cortical  cysts.  The  pelves  and  ureters  were  not  unusual  but  the  mucosa  of 
the  bladder  showed  some  congestion.  The  uterus  was  small ;  on  its  posterior  surface 
lay  a  cherry-sized  nodule  which  on  section  had  the  whorl-like  fibrous  appearance  of 
a  fibromyoma.  The  cervical  canal  showed  several  Nabothian  cysts  and  fibroadenom- 
atous  polyps.  Similar  polypoid  masses  were  also  present  in  the  uterine  body  arising 
in  the  endometrium.    The  structure  of  the  ovaries  was  not  unusual. 

Throughout  the  body  the  lymph  nodes  were  not  found  enlarged  or  otherwise  con- 
spicuous. 

Microscopic  anatomy.  Sections  were  taken  from  various  portions  of  the  pleural 
tumor,  including  the  infiltrated  lung.  In  order  that  a  detailed  study  might  be  made, 
numerous  sections  were  also  taken  from  the  principal  organs  of  the  body  and  special 
attention  was  directed  to  the  liver,  pancreas,  intestines,  and  genital  organs  which 
at  the  autopsy  had  displayed  some  macroscopic  abnormalities.  The  material  was 
fi.xed  in  Bouin  solution  and  10  per  cent  formaldehyde,  and  was  embedded  in  paraffin. 
The  sections  were  stained  with  hematoxylin  and  eosin  and  with  Van  Gieson  hema- 
toxylin stains.  The  silver  impregnation  method  of  Bielschowsky-Maresch  for  the 
precollagenous  connective  tissue  and  the  Sudan  stain  on  frozen  sections  were  also 
employed. 

The  tiny  subcapsular  nodules  that  were  found  in  the  markedly  congested  liver 
appeared  to  be  in  no  way  related  to  the  tumor  mass  of  the  chest  on  microscopic  ex- 
amination, but  corresponded  to  "bile  duct  adenoma-like  formations."  A  similar 
adenomatous  structure  was  displayed  by  the  pancreatic  cyst  which  clearly  showed 
a  cuboidal  epithelial  cell  lining  and  granular  eosinophilic  contents.  The  polyp- 
like vegetation  found  in  the  ileum  appeared  to  be  due  to  a  submucosal  nodule  which 
projected  into  its  lumen.  This  nodule  was  composed  of  a  hyalin  homogeneous  and 
structureless  material  about  which  there  were  several  foreign-body  giant  cells  and  a 
few  scattered  collections  of  lymphocytes  and  plasma  cells.  This  formation  was 
completely  surrounded  by  a  mantle  of  dense,  somewhat  cellular,  fibrous  connective 
tissue.  The  structure  of  the  polypoid  mass  found  in  the  cecum  was  different.  This 
seemed  to  result  from  a  projection  into  the  lumen,  a  redundancy  of  the  mucosa  and 
inner  muscle  layer.  At  one  point  the  raised  mucosa  showed  an  invagination  whose 
cul-de-sac  contained  a  granular  pink-brown  structureless  material.  The  impression 
gained  at  the  autopsy  table  of  the  uterine  findings  was  found  correct  at  the  examina- 
tion of  the  corresponding  microscopic  sections.  The  skin  nodule  was  a  typical 
lipoma. 

Since  no  doubt  existed  as  to  the  secondary  nature  of  the  scattered  discrete  tumor 
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areas  found  in  the  left  lung,  and  since  the  existence  of  any  other  malignant  tumor 
in  the  body  had  been  excluded  by  gross  and  microscopic  examination,  the  pleural 
neoplasm  was  regarded  as  having  originated  in  that  site.  The  histology  supported 
this  view. 

Tumor  of  the  pleura.  The  parietal  pleural  surface  was  irregularly  thickened.  In 
places  the  thickening  appeared  to  be  due  to  the  presence  of  densely  packed  bundles 
of  hyaline  fibrous  connective  tissue.  Elsewhere  a  loose  appearance  was  predominant 
and  between  the  meshes  of  intersecting  connective  fibres  lay  in  great  number  dark- 
staining  cells  resembling  lymphocytes.  Upon  the  pleural  surface  areas  were  en- 
countered which  showed  a  rather  well  preserved  mesothelial  lining.  It  consisted  of 
rows  of  monostratified  cells  which  were  uniformly  flattened  and  somewhat  spindle- 
shaped,  with  scanty  cytoplasm  and  large  oval  nuclei.  In  other  areas  these  cells, 
although  still  appearing  regularly  disposed  in  a  single  layer,  seemed  to  be  larger  and 
exhibited  a  tendency  to  cuboidal  shape.  Areas  were  encountered  finally  which  dis- 
played undoubted  signs  of  atypical  mesothelial  cell  proliferation,  either  in  the  form 
of  regularly  superimposed  layers  of  cells  or  in  small  collections  which  projected 
above  the  pleural  space  in  the  form  of  microscopic  vegetations.  Under  higher  mag- 
nification these  atypically  proliferated  mesothelial  cells  were  of  various  shapes, 
oval  in  places  and  rounded  in  others,  often  revealing  large  cytoplasmic  processes 
which  had  a  tendency  to  fuse  with  similar  processes  of  other  adjacent  cells.  Quite 
uniform  on  the  other  hand  was  the  appearance  of  the  nuclei  which,  round  or  oval  in 
shape,  showed  a  sharp  limiting  membrane  and  a  scanty  chromatin  network  con- 
taining at  times  small  nucleoli.  The  surrounding  cytoplasm  was  homogeneous, 
dark,  and  compact. 

Strands  of  dense  connective  tissue  extended  from  the  thickened  pleura  and  pene- 
trated in  a  spreading  manner  into  the  underlying  tumor  tissue.  Some  of  these 
trabeculae  did  not  show  any  cellular  lining.  Others  showed  at  the  periphery  a  more 
or  less  continuous  lining  of  cells,  either  mono-  or  pluristratified,  which  displayed  the 
cytologic  characteristics  of  the  pleural  mesothelial  cells  described  above. 

Within  the  loculi  formed  hy  the  intersecting  fibrous  trabeculae  lay  masses  of  cells 
and  extremely  numerous  blood  capillaries  (fig.  3).  These  cells  under  higher  magni- 
fication revealed  distinct  differences  in  size,  shape,  and  cytologic  characteristics,  so 
that  among  them  three  different  types,  varying  in  proportion  in  the  different  sections, 
could  easily  be  recognized: 

(a)  Round  cells  with  a  narrow  zone  of  cytoplasm  and  very  dark  nuclei,  resembling 
in  all  respects  Ij'mphocytic  cells.  These  lymphocyte-like  cells  varied  greatly  both  in 
size  and  cytologic  characteristics.  Some,  very  large,  with  fine  nuclear  chromatin 
structure  and  two  or  more  nucleoli,  reminded  one  very  much  of  h'mphoblasts  of  the 
lymphatic  tissue.  Others  resembled  mesolymphocytes  because  of  the  clearer  blue- 
staining  cytoplasm  and  the  coarser  nuclear  structure.  Others,  finally,  had  all  the  ap- 
pearances of  the  small  lymphocyte  (fig.  6). 

(b)  Large  cells  uniformly  distributed  either  singly  or  in  loosel}^  connected  groups. 
Prominent  among  these  elements  were  round  and  oval-shaped  cells,  with  short  drawn- 
out  acidophil  cytoplasmic  processes.  Their  nuclei  were  oval,  with  enfolded  nuclear 
membrane  and  a  scantj^  fine  chromatin  network  containing  at  times  small  nucleoli. 
Often  two  nuclei  were  evident.  Fat  contents  in  the  form  of  fine  droplets  were  re- 
vealed in  the  cytoplasm  by  the  Sudan  stain  (fig.  5) . 

(c)  Cells  resembling  the  latter,  but  much  larger,  with  several  protoplasmic  proc- 
esses, bizarre  huge  nuclei,  and  occasionally  multinucleated  giant  cells. 

In  some  areas  the  dark  lymphocyte-like  cells  predominated  and  only  a  few  of  the 
large  type  were  seen.  In  other  areas  the  large  cells  were  prominent  and  took  the  form 
of  a  pale-staining  reticulum  cell . 

Furthermore,  in  addition  to  a  moderate  number  of  neutrophilic  leucocytes. 
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spiiullc-sliaixHl  elements  with  elongated  vesieular  nuclei  were  eiieoimteied  here  and 
there,  irregularly  scattered,  singly  or  in  groups.  These  elements,  easily  identified  as 
fibroblasts,  were  chiefly  seen  attached  to  the  walls  of  the  blood  vessels  which,  ex- 
tremely numerous,  completctl  the  histologic  picture  of  the  tumor. 

The  vessels — in  longitudinal  and  cross  section — were  mostly  blood  cai)illaries  and 
only  a  few  larger  veins  were  present  here  and  there.  Their  walls  were  in  general  very 
thin,  appearing  to  be  composed  of  a  single  endothelial  lining,  lying  upon  a  fine  fibrous 
membrane.  This  was  the  predominant  appearance;  iiowever,  quite  fr(>ciuently, 
vessels  were  seen  which  showed  a  thicker  fibrous  membrane  with  corresponding  nar- 
rowing of  the  hmien.  Through  increasing  thickening  of  the  fibrous  outer  walls, 
stages  were  finally  reached  in  which  the  normal  structure  of  a  blood  vessel  apjieared  to 
be  either  completely  or  almost  completely  lost,  giving  place  to  brightly-stained  eosino- 
philic masses,  round  or  oval  in  shape,  composed  of  hyalin  fibrcnis  tissue  arranged  in  a 
somewhat  concentric  manner. 


KiG.  1.  Inner  aspect  of  portion  of  parietal  pleura  showing  diffuse,  nodular  tumor 
infiltration. 

Fig.  2.  Tumor  infiltration  of  visceral  pleura  partially  encasing  the  left  lung. 

In  most  of  the  slides  examined  no  intercellular  material  was  seen,  the  cells  ap- 
pearing closely  approximated.  However,  in  sections  impregnated  with  silver  ac- 
cording to  the  Bielschowsky-Marcsch  method,  the  areas  in  which  the  large  pale- 
staining  cells  were  prominent  clearly  demonstrated  the  presence  of  an  abundant 
network  of  fibres  which  surrounded  almost  every  cellular  element. 

These  features  of  the  neoplasm  were  exactly  reproduced  by  the  areas  in  the  left 
lung  which  had  appeared  grossly  to  be  infiltrated  by  the  tumor.  A  network  of  fibrous 
trabeculac  was  likewise  present  everywhere  and  within  its  loculi  both  the  large 
reticulum-cell-like  elements  and  the  lymphocyte-like  cells,  together  with  occasional 
multinucleated  giant  cells,  were  clearly  demonstrated.  The  lymphocyte-like  cells 
seemed  to  predominate  although  the  larger  elements  were  very  numerous.  Sections 
from  the  lung,  perhaps  better  even  than  the  pleural  sections,  showed  the  close  rela- 
tionship which  probably  existed  between  the  atj'pically  proliferated  mesothelial  cells 
and  the  other  cellular  elements  of  which  the  growth  was  composed.  Groups  of  meso- 
thelial cells  lining  the  trabeculae  were  clearly  seen  springing  from  the  fibrous  walls  to 
spread  either  singly  or  in  loosely  connected  groups  within  the  surrounding  cellular 
matrix  of  the  tumor  (fig.  4).    The  relationship  was  further  suggested  l>y  the  close 
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resemblance  that  the  nuclei  of  the  atypically  proliferated  mesothelial  cells  bore  to  the 
nuclei  of  both  the  largest  lymphocyte-like  cells  and  of  the  elements  having  the  ap- 
pearance of  reticulum  cells;  all  showed  the  presence  of  nucleoli  and  fine  chromatin 
structure. 


Fig.  3  (top  left).  Area  of  tumor  showing  formation  of  cleft -like  space  lined  hy 
mesothelial  cells  partially  supported  by  fibrous  tissue  (X80). 

Fig.  4  (top  right).  Area  of  tumor  showing  proliferation  of  cells  intermediate  in 
differentiation  between  mesothelial  cells  and  elements  resembling  reticulum  cells 
(X180). 

Fig.  5  (bottom  left) .  Fat  containing  elements  with  appearances  of  histiocytes 
seen  in  high  magnification  (X200). 

Fig.  6  (bottom  right).  Area  of  tumor  showing  predominant  lymphocyte-like 
differentiation  of  cells  (X200). 

Between  the  areas  of  lung  tissue  infiltrated  by  the  tumor  were  seen  areas  of  em- 
physema alternating  with  more  extensive  atelectasis  and  foci  of  chronic  organizing 
pneumonia.  The  blood  vessels  showed  intimal  fibrous  thickening;  dense  mantles  of 
fibrous  connective  tissue,  densely  infiltrated  by  lympho-monocytic  cells,  were  evident 
around  the  small  and  medium-sized  bronchi. 

A  similar  picture  of  emphysema,  atelectasis,  and  focal  chronic  pneumonia,  was 
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displayed  by  the  right  lung,  which,  however,  on  the  most  careful  examination  failed 
to  show  any  neoplastic  involvement. 

The  numerous  hilar  lymph  nodes  examined  were  also  free  of  tumor  cells  hut  showed 
much  fibrosis  and  huf?e  deposits  of  anthiacotie  pigment.  Neoplastic  involvement 
was  unexpectedly  found  in  a  periportal  lymph  node  which  because  of  its  gross  en- 
largement had  been  subjected  to  microscopic  examination.  On  microscopic  exam- 
ination various  portions  of  the  gland  showed  islets  of  neoplastic  cells,  for  the  most 
part  located  within  the  sinuses.  The  arrangement  of  the  cells  varied  greatly.  There 
were  areas  in  which  the  cells  were  closely  approximated  with  scant  intercellular  ma- 
terial. In  places  the  cells  lay  in  nests  forming  an  alveolar  arrangement  which  gave 
the  appearance  of  an  epithelial  growth.  In  other  places  they  were  disposed  in  rows 
with  a  tendency  to  form  intersecting  trabeculae.  Utider  higher  power  the  histologic 
resemblance  of  these  elements  to  the  mcsothclial  cells  of  the  primary  pleural  tumor 
appeared  unquestionable.  The  cells  varied  considerably  in  size  and  shape,  flattened 
in  some  places,  and  rounded  in  others.  The  size  the  nuclei  was  likewise  irregular. 
The  larger  of  them  possessed  evident  nucleoli,  a  sharp  limiting  membrane,  and  a  loose 
chromatin  network.  Many  of  the  cells  contained  two  or  more  nuclei,  and  possessed 
large  eosinophilic  cytoplasmic  processes  which  showed  a  tendency  to  fuse  with 
similar  processes  of  other  adjacent  cells. 

COMMENT 

In  .summary,  this  case  belongs  to  the  group  of  diffuse  pleural  neoplasms 
who.so  pleural  origin  is  beyond  question.  Throughout  the  entire  clinical 
course  of  the  illness  there  was  no  suspicion  of  newgrowth  arising  in  any 
other  region  of  the  body,  and  at  autopsy  no  other  growth  was  found  that 
could  possibly  have  been  considered  as  primary.  The  histology  supported 
this  view. 

Outstanding  features  of  the  tumor  were: 

(a)  Strands  of  dense  connective  tissue  growing  inward  from  the  thick- 
ened pleiu'a,  and  often  lined  by  a  discontinuous  layer  of  mesothelial  cells 
in  atypical  proliferation. 

(b)  Exceedingly  numerous  blood  capillaries,  with  marked  fibrous 
thickening  of  their  walls,  resulting  in  the  formation  of  large  hyalin  bodies. 

(c)  Masses  of  peculiar  cells  within  the  loculi  formed  by  the  intersecting 
fibrous  trabeculae. 

A  discussion  of  the  cell  types  is  of  importance  in  understanding  the 
genesis  of  the  neoplasm.  Prominent  among  them  were  large  cells  with 
pale  nuclei  which  both  in  their  morphology  and  in  their  arrangement 
bore  close  resemblance  to  reticulum  cells  whose  foreriumers  are  the  me.so- 
blasts  of  embryonic  connective  tissue.  Further  support  for  this  view  is 
foinid  in  the  fact  that  some  of  these  cells  showed  lipoid  storage.  That 
this  was  an  expression  of  true  storage  rather  than  of  cellular  damage  is 
indicated  by  the  appar(>ntly  good  state  of  preservation  of  the  involved 
elements. 

The  presence  of  a  thick  network  of  argentaffin  fibres  in  close  relation 
with  these  cells  gave  further  evidence  for  their  reticulum  cell  nature. 
This  was  brought  out  in  sections  stained  with  special  methods.  Xo. inter- 
cellular material  could  be  seen  where  the  cells  were  more  abundant  and 
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apparently  more  immature.  On  the  other  hand,  where  a  loose  appearance 
was  prevalent  with  a  tendency  of  the  proliferating  cells  to  arrange  them- 
selves in  intersecting  rows,  almost  every  cell  appeared  surrounded  by  a 
thick  network  of  argentaffin  fibres.  Roulet  (21)  similarly  recognized 
among  typical  tumors  arising  from  reticulum  cells  two  varieties,  one  char- 
acterized by  the  presence  of  exceedingly  numerous  argentaffin  fibres  in 
clo.se  relation  with  the  proliferated  cells,  the  other,  poorer  in  fibres  and 
chiefly  composed  of  large  cells  fu.sed  together  \nth  loss  of  demarcation. 
To  the  former  group,  in  his  opinion,  belonged  the  more  mature  tumor 
tj'pes,  to  the  latter  the  more  immature  ones.  Grynfelt  (22)  accepted 
this  subdivision  and  applied  it  to  his  own  mesenchymal  tumors,  dividing 
them  into  '"fibrillogenous"  and  "afibrillogenous"  varieties.  In  the  ca.se 
herein  reported  both  fibrillogenous  and  afibrillogenous  areas  were  found. 
In  agreement  with  the  views  of  Roulet  and  Gr\Tifelt  they  were  thought 
to  correspond  with  different  stages  of  maturity  of  the  developing  cells. 

It  is  therefore  justifiable  to  conclude  that  the  neopla.sm  coasists  of 
relatively  undifferentiated  elements,  the  microscopic  appearance  of  which 
conforms  with  that  of  the  reticulum  cells  derived  from  embryonic  con- 
nective tissue. 

There  is  some  doubt  concerning  the  nature  and  .source  of  the  hTnphocyte- 
like  cells  which  were  often  .so  numerous  in  the  tumor  as  to  predominate 
over  the  larger  reticulum  cell-like  elements.  The.se  dark-stained  round 
elements  paralleled  the  various  stages  of  maturation  of  the  blood  lympho- 
cytes. In  general  they  were  not  foimd  to  lie  in  particular  proximity  to 
blood  vessels;  moreover,  the  latter  were  not  congested,  nor  did  they  con- 
tain many  h-mphocytes.  It  is  impossible,  therefore,  to  apph'  in  this 
case,  the  hypothesis  of  an  extrava.sation  of  hTnphocytes  from  the  blood 
as  Schminke  (23)  first,  then  Derigs  (24)  a.ssumed  to  explain  the  huge 
mas.ses  of  h-mphocj^tic  cells  which,  in  addition  to  elements  of  a  more 
particular  character,  were  prc^^ent  in  their  so-called  "l.ATiipho-epithelial" 
tumors.  More  plau.sible  is  the  opinion  of  Segre  (25)  who,  discussing  a 
reticulum  cell  tumor  of  the  h-mph  nodes  in  which  there  were  exceptionally 
numerous  young  h-mphocytic  cells,  advanced  the  belief  that  both  reticu- 
lum cells  and  lymphocytes  arose  independently  from  a  highly  undifferen- 
tiated ancestral  cell  able  to  give  rise  on  the  one  hand  to  reticulum  cells 
and  on  the  other  to  h-mphocytic  cells.  Instances  of  neoplasms  in  support 
of  this  hypothesis  are  quite  numerous.  Under  the  title  "Kombinierte 
Formen"  Roulet  (21)  describes  reticulum  cell  tumors  of  different  organs 
in  which  either  leukemic  or  lymphogranuloma-like  features  were  con- 
comitant findings.  In  lymph  nodes,  similar  observations  were  reported 
by  Vecchi  (26)  and  by  Montpellier,  Manceaux,  and  As.san  (27),  all  authors 
agreeing  in  the  belief  of  an  atypical  growth  evohing  in  more  than  one 
direction  from  an  undifferentiated  stem  cell. 

Accordingly  Oberling  (28)  and  later  Craciun  and  Ursu  (29)  di\'ided 
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reticulum  cell  tumors  of  bone  marrow  and  lymph  nodes,  respectively, 
into  three  chief  groups.  To  the  first  group  they  assigned  the  undifferen- 
tiated forms  composed  of  elements  which  maintain  the  appearance  of  the 
parent  stem  cell.  The  second  group  comprised  the  more  differentiated 
types  including  elements  more  mature  morphologically  and  equipped  with 
some  of  the  normal  functions  of  cells  of  this  system  (phagocytosis).  To 
the  third  group,  belonged  tho.se  tumors  displaying  hematic  cell  differen- 
tiation, either  towards  the  myelogenous  series  (reticulum  cell  myelo- 
sarcomas) or  toward  the  lymiihocytic  .series  (reticulum  cell  lymjihosar- 
comas) . 

If  one  attempts  to  explain  in  the  case  reported  herein  the  a.s.sociation 
of  three  different  types  of  cellular  elements — the  mesothelial,  the  lympho- 
cyte-like, and  the  reticulum  cell-like  forms,  the  jjossibility  of  a  conunon 
source  or  at  any  rate  of  a  close  interrelationship  of  these  .seemingly  hetero- 
geneous cells  must  be  considered.  Histologic  evidence  to  support  this 
belief  was  foimd,  both  in  the  primary  tumor  and  in  the  metastatic  nodules 
of  the  lung.  Groups  of  atypical  me.sothelial  cells  were  frequently  .seen 
to  separate  from  the  fibrous  trabeculae  and  to  invade  the  surrounding  i 
matrix  of  the  tumor.  The  nuclei  of  the  mesothelial  cells  bore  close  re-  i 
.semblance  to  the  nuclei  of  the  larger  lymphocyte-like  cells  and  of  the  I 
elements  having  the  appearance  of  reticulum  cells,  suggesting  an  origin 
of  all  these  cells  from  a  common  neoplastic  parent  mesothelial  cell.  Of 
course,  one  realizes  that  histologic  resemblances  are  not  conclusive  proof 
of  actual  transformation  of  one  cell  type  into  another.  However,  the 
transformation  of  mesothelium  into  mesenchymal  cells  has  been  experi- 
mentally demonstrated  by  tissue  cultures.  This  observation  lends  sup- 
port to  this  interpretation  of  the  histogenesis  of  these  tumor  cells. 

SUM.MAHY 

A  case  is  reported  of  diffuse  neoplasm  of  the  pleura  arising  from  the 
mesothelial  lining  cells.  The  complex  structure  of  the  tumor,  chiefly 
composed  of  lipophagic  reticulum  cell-like  elements  and  of  cells  re.sembling 
lymphocytes  in__different  phases  of  development,  is  explained  on  the  basis 
of  the  multiple  developmental  ]30tentiality  of  the  mesoderm  comprising 
the  coelomic  "mesothelium." 
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ACUTE  PERFORATIONS  OF  THE  GASTROINTESTINAL  TRACT 
DURING  HOSPITAL  OBSERVATION' 


PERCY  KLINGENSTELX,  M.D.,  and  LESTER  R.  TUCHMAN,  M.D. 
[From  the  Medical  and  Surgical  Services  of  The  Mount  Sinai  Hospital,  New  York  City] 

It  is  customaiy  to  classify  disease  entities  as  medical  or  surgical,  de- 
pending upon  whether  operative  or  non-operative  therapy  is  employed. 
There  is,  ho\ve\  er,  a  large  group  of  cases  in  which  certain  complications  of 
the  original  medical  entity  become  urgently  surgical.  To  meet  this  need 
for  joint  surveillance  the  present  tendency  in  well  organized  hospitals  is  to 
have  a  liaison  between  the  medical  and  surgical  services  either  by  frequent 
consultations  or  by  the  assignment  of  a  member  of  the  surgical  service  to 
the  medical  wards,  and  vice  versa.  It  is  a  common  experience  to  find  surgi- 
cal conditions  inadvertenth'  admitted  to  the  medical  wards.  Appendicitis 
and  cholecystitis  arc  the  most  common  and  then  again  acute  surgical  ac- 
cidents may  occur  in  the  course  of  medical  therapy.  Perforation  of  a 
hollow  viscus  into  the  peritoneal  cavity  as  the  result  of  ulceration  of  either  a 
benign  or  malignant  lesion  of  the  gastrointestinal  tract  is  a  common  ex- 
ample. 

Numerous  circumstances  tend  to  obscure  accurate  and  immediate  diag- 
nosis and  to  delaj'  surgical  intervention.  In  contrast  to  the  patient  brought 
into  the  hospital,  usually  by  ambulance,  with  a  perforation  of  the  gastro- 
intestinal tract  most  commonly  due  to  an  ulcer  or  carcinoma  of  the  stomach 
or  duodenum  in  which  the  clinical  picture  is  so  clear  that  the  j'oungest 
member  of  the  interne  staff  can  readily  make  the  diagnosis,  this  very  lesion 
when  encountered  in  the  medical  wards  offers  a  much  more  serious  diag- 
nostic problem.  The  patient  admitted  for  in-bed  treatment  of  a  peptic 
ulcer  usually  has  a  penetrating  lesion  with  severe  pain,  often  requiring 
hypnotics;  frequently  upper  abdominal  tenderness  and  some  spasticitj'  is 
present.  It  often  requires  fine  clinical  judgment  to  recognize  the  ad- 
ditional changes  occurring  with  perforation.  We  have  become  increa.s- 
ingly  concerned  with  the  frequency  of  gastrointestinal  perforations  occur- 
ring spontaneously  on  the  medical  wards  of  the  hospital  and  feel  that  a 
re\  iew  of  such  cases  will  be  helpful  in  dra\\ing  attention  to  1)  the  major 
groups  in  which  perforations  spontaneously  occur;  2)  the  various  factors 
which  seemingly  contribute  to  or  initiate  this  accident;  3)  the  factors  which 
apparently  alter  the  prognosis  (x-ray  perforation) ;  4)  diagnostic  difficulties 

'  The  authors  wish  to  express  their  thanks  to  the  chiefs  of  the  services  from  which 
this  material  was  gathered. 
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and  the  clinical  picture  of  perforations  occurring  during  hospital  residence 
as  contrasted  with  those  occurring  prior  to  admission,  and  finally  5)  to  the 
significance  of  this  condition  so  that  prompt  action  may  be  taken  insuring 
better  results. 

Diagnostic  difficulty  is  not  confined  to  ulcer,  for  free  perforations  of  the 
colon  may  be  equally  difficult  to  recognize.  In  ulcerative  colitis  of  long 
standing  during  an  acute  exacerbation,  the  general  abdominal  distention 
and  tenderness  associated  with  this  condition  along  with  the  general  toxic 
and  debilitated  state  of  the  patient  at  times  makes  diagnosis  puzzling.  In 
this  condition,  particularly,  pericolonic  abscess  formation  and  peritonitis 
unassociated  with  actual  perforation  simulate  one  another  so  closely  as  to 
make  an  accurate  differential  diagnosis  at  times  impossible. 

We  have  reviewed  the  case  histories  of  all  perforations  of  the  gastroin- 
testinal tract  occurring  on  the  ward  service  of  the  hospital  between  the 
years  1926  and  1941  and  have  selected  for  review  and  discussion  those 
cases,  twenty-two  in  number,  in  which  the  perforation  could  be  established 
as  having  taken  place  during  hospital  residence.  Lesions  of  the  stomach 
and  duodenum  comprised  more  than  one-half  of  the  total  number,  thirteen 
in  all.  Perforation  of  the  ileum  occurred  in  two  cases.  The  colon  was  the 
seat  of  perforation  in  seven  instances.  AVe  have  eliminated  instinmental 
perforations  of  the  esophagus  and  rectum  inasmuch  as  we  feel  these  lesions 
are  a  distinct  entity  in  themselves.  The  therapy,  and  their  diagnostic 
features  have  been  amply  covered  by  Touroff  (1)  and  Sallick  (2).  Nor 
have  we  included  perforations  of  the  appendix  and  gall  bladder  which  have 
undoubtedly  occurred  but  which  would  have  been  difficult  or  impossible  of 
verification.    We  have  also  omitted  a  very  few  ca.ses  of  typhoid  perforation. 

Gastric  and  Duodenal  Perforations.  The  site  of  perforation  in  this 
group  (Table  I)  was  duodenal  in  eight  instances,  at  the  pyloms  in  one,  and 
of  the  stomach  in  four.  Of  the  last  group,  one  patient  returned  with  a 
definite  carcinoma  of  the  stomach,  another  was  proven  to  be  carcinoma  by 
resection,  and  a  third  suspected  on  the  basis  of  operative  findings.  While 
the  incidence  of  ulcer  in  general  is  normally  much  larger  in  men  and  perfora- 
tion correspondingly  frequent,  this  series  includes  only  one  woman.  The 
youngest  patient  was  28  years  old,  and  the  oldest  patient  was  a  woman  74 
years  of  age.  In  all  these  cases  \\ith  but  two  exceptions  (one,  a  case  of 
generalized  periarteritis  nodosa  in  which  perforation  occurred  48  days 
after  admission,  and  the  other,  a  diabetic  admitted  for  gangrene  of  a  toe  in 
which  perforation  entirely  un.suspected  occurred  approximately  one  month 
after  admission),  the  patients  were  admitted  to  the  medical  wards  with 
complaints  referable  to  the  upper  digestive  tract  and  were  treated  as  ulcer 
or  carcinoma  .suspects.  In  two  cases  a  suspicion  of  cholecystitis  was  en- 
tertained. In  the  majority  of  ca.ses  perforation  occurred  reasonably  soon 
after  hospital  admission,  particularlj'  in  the  group  with  .symptoms  classical 
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of  ulcer.  In  two  cases  perforation  occurred  one  day  after  admission;  in 
four,  two  and  three  days  after  entrance;  in  one,  four  days  after  admission; 
in  three,  approximately  one  week  after  admission;  in  one,  eighteen  days 
after  admission;  and  the  two  cases  in  which  th(^  diagnosis  of  ulcer  was  not 
entertained,  over  a  month  after  admission.  This  would  tend  to  emphasize 
the  fact  that  the  symptoms  from  which  this  group  were  suffering  when  fii-st 
seen  were  in  reality  symptoms  of  impending  [perforation  rather  than  pene- 
tration. It  is  of  interest  to  note  in  passing  the  marked  difference  in  time  of 
jjerforation  of  the  ulcer  group  as  opposed  to  the  colon  group  in  which  per- 
foration took  place  at  a  relatively  much  later  date.  This  will  be  further 
discussed  in  analysing  the  colonic  material.  In  the  three  cases  deemed  to 
be  neoplastic,  perforation  occurred  two,  foui-  and  seven  days  after  hospital 
residence. 

Symptomatology.  We  have  attempted,  insofar  as  this  was  possible,  to 
difTerentiate  betwe(>n  the  jprodromatal  symptoms  of  perforation  and  those 
of  the  actual  perforation.  It  would  seem  as  though  the  in-bed  patient 
would  lend  himself  ideally  to  this  consideration.  Practicallj',  this  is  not 
always  the  case.  Some  degree  of  pain  of  clinical  significance  was  present 
before  perforation  iii  .seven  patients;  in  two,  the  pain  was  mild.  In  two 
cases  there  were  no  symptoms  referable  to  the  gastrointestinal  tract,  one  of 
these  patients  dying  with  a  perforation  completely  undiagnosed  and  im- 
suspected,  the  other  giving  symptoms  only  three  hours  before  demise,  the 
clinical  picture  being  obscured  by  diffuse  arterial  disease  (periarteritis 
nodosa).  In  one  case  the  picture  was  entirely  altered  by  a  recent  laparot- 
omy for  a  perforated  ulcer  which  was  sutured  successfully,  to  be  followed  by 
another  entirely  independent  perforation  six  days  after  the  first  operation. 
This  case  is  noteworthy  in  that  the  diagnosis  was  correctly  made,  the  pa- 
tient was  reoperated  upon  and  recovered.  With  (-(Mtain  exceptions,  the 
symptoms  of  actual  perforation,  while  not  nearly  so  dramatic  as  in  those 
patients  with  perforations  before  admission,  were  nevertheless  fairly 
characteristic.  Pain  was  the  outstanding  symptom  except  in  one  patient. 
It  was  not  always  easy  to  appreciate  the  increase  of  pain  accompanying 
the  perforation  nor  to  be  sure  that  perforation  had  not  actualh'  occurred 
sometime  before  the  symptoms  were  first  appreciated  by  either  the  hou.se  or 
attending  staffs.  A  patient  in  the  hospital  with  a  diagnosis  of  ulcer  sus- 
pected or  established,  who  is  having  more  or  less  regular  pain,  may  have  a 
perforation  with  an  increase  in  .symptoms  which  are  considered  to  be  onh'  a 
more  severe  exacerbation  of  his  presenting  clinical  picture.  The  pain  was 
u.«ually  epiga.stric  in  location,  in  .some  ca-ses  radiating  to  the  right  flank  or 
shoulder.  Right  upper  cjuadrant  pain  was  not  infrequent.  In  two  cases 
the  pain  was  accompanied  by  nau.sea  and  vomiting. 

Signs.  Rigidity  and  tenderness  were  the  most  frequent  physical  find- 
ings.   These  occurred  at  some  time  following  perforation  in  all  but  one 


Resume  of  relevant  data  in  pt 


ADMIS- 
SION 
NUMBER 


416427 
(male) 


ADMISSION  DIAGNOSIS 


Psychoneurosis;  peptic 
ulcer 


PROB- 
ABLE 
TIME  OF 
PERF. 
AFTER 
ADMIS- 
SION 


2  days 


PRODROMATA 


Epigastric  pain 


INITIAL  SYMPTOMS  OF 
PERFORATION 


Pain,  not  perceptibly  in- 
creased-for  sev.  hrs. 


SIGNS  OF  PEBti 


Rigidity  flate) 
not  marked; 


320516 
(male) 


Carcinoma  of  stomach; 
pyloric  obstruction 


18  days 


Epigastric  pain;  2  attacks 


Epigastric    an  I 
tenderness  a:  I 


334080 
(male) 


48 


Penetrating  peptic  ulcer? 
Cholecystitis? 


2  days 


Very   mild  abdominal 
pain 


Pain,  severe  in  R.U.Q.  and 
epigastrium 


Mild  shock, 
tenderness 


306987 
(male) 


Pyloric  stenosis;  duode- 
nal ulcer 


3  days 


Epigastric  pain 


Increase  in  pain ;  vomiting 


Collapse,  cyaii>i| 
tion,  tends 


332489 
(male) 


40 


Peptic  ulcer 


1  day 


Epigastric  pain 


Sudden    severe  R.U.Q. 
pain 


R.U.Q.  and* 
rigidity 


365916 
(male) 


51 


Cholecystitis?  Peptic 
ulcer? 


6  days 


Dizziness 


Sudden  severe  upper  ab- 
dom.  pain  radiating  to 
left  shoulder 


Rigidity  and 
most  mark 


307445 
(male) 


Penetrating  peptic  ulcer 


2  days 


Severe  abdominal  pain 


Severe  pain  awakening  him 
from  sound  sleep 


General  abdul 
ity  and  t«nil 


318744 
(male) 


28 


Perforating  ulcer 


6  days 


Entered  with  perforated 
ulcer  which  was 
sutured 


Severe  abdominal  pain 


Spasticity  of 


334926 
(male) 


50 


Penetrating  duodenal 
ulcer 


1  day 


Constant  epigastric  pain 


Severe  pain  radiating  to 
right  flank 


Tenderness 
upper  abd 


355151 
(male) 


58 


Pyloric  stenosis  due  to 
neoplasm  or  ulcer 


7  days 


Abdominal  pain 


Upper  abdoKj 
lower  abda  | 
tion;  rt.  sic 


374154 
(male) 


34 


Carcinoma  of  stomach 


4  days 


None 


Pain,  shock,  air  hunger 


Tenderness;' 


353838 
(male) 


37 


Periarteritis  nodosa  (final 
diagnosis) 


41  days 


None 


Abdominal  pain 


Rigidity;  g  i 
ness;  rt.lii<l 


450291 
(female) 


Diabetic  gangrene 


Over  1 
month 


None 


None 


None  exoep| 
temperate 
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of  stomach  and  duodenum 


made: 

ADE 

i 

CONFIRMATORY 
EVIDENCE  OF 
PERFORATION 

PRECIPITAT- 
ING FACTORS 

ESTIMATED 
TIME  FRO.M 
PERKOR,\- 
TION  TO 
OPERATION 

OPERATIVE 
FINDINGS 

RESrL 

,p  P08T-M0RTE.M 
FINDINGS 

12  hrs. 
>bal>le 

1  X-ray  and  abd. 
puncture 

G.I.  X-ray 
during  (?) 
perforatio 

Operation: 
suture  ol 
ti      peptic  ulcer 

12  hrs.  ? 

Free  air,  barium 
in  peritonea 
1     cavity,  6  mm 
perf .  ant.  wal 
duodenum 

Cease 

d  Generalized  peri- 
1     toniti.s  cause  of 
death;  perito- 
nitis, broncho- 
pneumonia 

;  ulcer  o 
a 

r  Fluid  and  air  un- 
der diaphragm 

1 

Gastric 
1  lavage 

Operation : 
suture  ol 
ulcer 

12-17  hrs.  ' 

Large  perf.  ant. 
wall  duode- 
num f ulcer) 
large  amounts 
free  fluid 

Cease 

d  Generalized  peri- 
tonitis, sub- 
phrenic abscess 

[  ulc6r? 

X-rav  for  free  air 
negative 

1 

Operation : 
suture  of 
ulcer 

1  1}  hrs. 

Ant.  wall  duo- 
denum perfo- 
ration free  fluic 

Well 

1 

(  for  7 
y  diag- 

X-ray— free  air  un 
dcr  hot  h 
of  diaphragm 

1  G.I.  x-ray 

Conservative 

1 

No  opera- 
tion; con- 
dition too 
grave 

Ceasec 

Generalized 
acute  purulent 

dia«- 

'  No  free  air  x-ray 

None 

Operation 



2  hrs. 

Ant.  duod.  wall 
perf. 

WeU 

Free  air  under  dia- 
phragm 

G.I.  x-ray  3 
hrs.  later 

Operation 

IJ  hrs. 

Large  perf.  gas- 
tric ulcer 

Ceased 

Paral.vtic  ileus 
diphtheritic 
ileitis 

diBg- 

X-ray— free  air 
under  both 
leaves  of  dia- 
phragm 

None 

Operation 

U  hrs. 

Gastric  ulcer 

Well 

Note  readmis- 
sion    later  as 
gastric  carci- 
noma 

ationor 
ktion  of 

1 

Elevated  temp, 
leucocytosis  abd. 
puncture 

None 

Operation 

5j  hrs. 

Old  suture  line 
intact  new 
perf.  over  1' 
away 



Well 

diac- 

None 

None 

Operation: 
sub-total 
gastrectomy 

li  hrs. 

Large  duod. 
post,  wall 
perf.;  much 
fluid  in  peri- 
toneum 

Well 



lUTB 

1 

Gastric 
lavage 

Operation : 
closure  and 
button  gas- 
troenteros- 
tomy 

12-14  hrs. 

2j  liters  of  fluid  1 
in  peritoneum; 
ten  cent  sized 
perf.  ant.  surf. 
pylorusCneo- 
plasm) 

Ceased 

No  P.M. 

diag-  1 

None  1 

None 

Operation: 
gastrectomy 

2  hrs. 

Carcinoma  of 
stomach 

Well 

dia«-  1 

i 

Died   in  3 
hrs. 

Ceased 

Perf.  pep.  ulcer 
in    pt.  with 
exten .  periar- 
teritis nodosa 

1 

None  [ 

^^one 

Vone 

Ceased 

Perf.  of  pep.  ul- 
cer   on  ant. 
wall  of  1st  por- 
tion of  duod., 
with  diffuse 
peritonitis 
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Resume  of  relevant  data  in 


ADMIS- 
SION 
NUMBER 

ADMISSION  DIAGNOSIS 

PROB- 
ABLE 
TIME  OF 
PERF. 

AFTER 
ADM. 

PRODROM  AT.V 

INITIAL  SY.MPTOMS  OF 
PERFOB.4TION 

SIGNS  OF  PERFOJ 

452065 
(female) 

67 

Possible  intestinal  ob- 
struction 

3  weeks 

None 

Fever  and  generalized  ab- 
dominal pain 

Abdominal  tendi  1 
distention  1 

437078 
(male) 

48 

Bronchiectasis  R.L.L. 
and  L.L.L. 

8  days 

None 

Pain  in  R.U.Q. 

Abdominal  tend'  1 
rigidity  in  up(  | 
rants  M 

Resume  of  relevant  A 

ADMIS- 
SION 
NUMBER 

AGE 

ADMISSION  DIAGNOSIS 

PROB- 
ABLE 
TIME  OF 

PERF. 

.\FTER 
ADM. 

PRODRO.M.\TA 

INITI.\L  SY.MPTOMS  OF 
PERFOR-\TION 

OF  pBar^B 

297623 
(female) 

18 

Ulcerative  colitis 

35  days 

Pain 

Tenderness ;  rrt>«H 
tenderness  ■ 

308735 
(female) 

22  j  Ulcerative  colitis 

1 

32  days 

None 

Severe  R.L.Q.  pain 

Tenderness;  no  jH 

384724 
(female) 

17 

Ulcerative  colitis 

-Abdominal  cramps 

Tenderness;  re 
tenderness  H 

311799 

(female) 

20 

Ulcerative  colitis 

58  days 

Abd.  soreness 

Abdominal  pain 

Tenderness;  m  H 
dominal  di&H 
slight  rigiditH 

365694 
(male) 

28 

Amoebic  colitis 

35  days 
(circa) 

Diarrhea;  abd.  pain 

R.L.Q.  pain;  epigastric 
distention 

L.L.Q.  markt  1 
tend.  1 

309468 
(male) 

20 

Hirschsprung's  cong. 
dil.  colon 

4  days 

None 

Distention;  abdominal 
pain;  shock 

Marked  distei'  1 
obliterated  1 ' » 

 —  »- 

446859 
(male) 

33 

Ulcerative  colitis 

7  weeks 

None 

Pain  and  fever  but  no  in- 
crease from  previous 
course 

s 
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0/  the  small  intestine 


IBS 
OT 


CONFIRMATORY  I  PRECIPI- 
EVlDENrE  OF  TATING 
PEKFORATION  FAfTOBS 


None 


None 


None 


None 


None 


Suture  of 
perforation 


ESTIMATED 
TIME  FROM 
PERFORA- 
TION TO 
OPERATION 


14  hours 


OPERATIVE 
FINDINGS 


Perforation  of 
ileum  and  peri- 
tonitis 


rOST-MORTEM  1  INUINGS 


Ceasedj  Decubitus  ulcer  formation  in 
1  ileum  and  spontaneous  perf. 
I     caused  by  large  gall  stone 


Ceased 


Lymphosarcoma  of  terminal 
ileum  with  perforation  (su- 
tured) and  generalized  jjeri- 
tonitis 


ilions  of  the  colon 


SIB 
OT 


I 

roNFIRMATORV 
EVIDENrE  OF 
PERFORATION 

1 

PRECIPI- 
TATING 
^  FACTORS 

1 

THERAPY 

ESTIMATED 
TIME  FROM 
PERFORA- 
TION TO 
OPERATION 

I 

OPERATIVE 
j  FINDINGS 

HESfLT 

POST-MORTEM  FINDINGS 

None 

1  None 

1 

Ileostomy 
«ith  drain- 
age 

1  day 

Perforation  in 
ulcerative  coli- 
tis; fecal  peri- 
tonitis 

Ceasec 

Perf.  lesion  of  caecum;  fecal 
peritonitis 

None 

j  None 

1 

Ceased 

Perforation  of  caecum.  Note: 
this  patient  went  on  to  per- 
foration in  spite  of  ileostomy 
6  days  earlier 

None 

None 

Ileostomy 

? 

Diflfuse  peri- 
tonitis 

Ceased 

Perf.  at  recto-sigmoid  junction 

None 

None 

None 

Ceased 

.Acute  diffuse  fibrino  purulent 
IJeritonitis:  ulcer,  colitis  with 
perf.  at  splenic  flexure 

Free  air  under 
diaphragm 

i 

None 

Transverse  | 
colostomy  j 

28  days 

Large  cavity 
entered  (trans- 
verse colon) 

Ceased 

Severe  ulcerative  colitis;  perf. 
transverse  colon 

Free  air  in  peri-l 
toneum 

Excessive  ex- 
amination 

1 

.Aspiration  ' 
to  release  1 
air  1 

Died  in 
5  hrs. 

No  P.M. 

None 

None  1 

1 

Expectant 

Ceased 

Perforation  of  ulcer  in  sigmoid ; 
diffuse  peritonitis 
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patient  (Case  13).  Shock,  cyanosis  and  collapse  were  noted  particularly 
in  three  cases.  In  the  others  it  was  not  marked  enough  to  occasion  com- 
,  ment.  Confirmatory  evidence  of  perforation  was  obtained  in  six  cases  by 
x-ray  examination  showing  free  air  under  one  or  both  leaves  of  the  dia- 
phragm. In  three  cases  the  absence  of  a  pneumoperitoneum  was  specifi- 
cally noted.  Abdominal  puncture  yielded  positive  information  in  three 
instances. 

Precipitating  factors.  In  three  cases  gastrointestinal  x-ray  examination 
.  seems  to  have  been  a  direct  precipitating  factor  in  the  perforation.  In 
two  of  these  cases,  perforation,  as  judged  by  the  symptoms,  occurred  during 
the  examination;  in  the  other  case,  it  occurred  three  hours  later.  Observa- 
tions of  a  similar  nature  appear  in  the  literature.  It  seems  more  likely 
that  hyperperistalsis  or  muscle  spasm  plays  the  predominating  role  in  the 
causation  than  does  palpation,  although  the  latter  at  times  may  be  re- 
sponsible. It  is  assumed  that  the  barium  itself  produces  a  heightened  irri- 
tability of  the  circular  and  longitudinal  muscle  fibres  resulting  in  the 
perforation.  Experimentally,  barium,  introduced  aseptically  into  the 
peritoneal  cavit}^  of  dogs  (Paas  (3)),  has  resulted  in  death  in  twenty  hours 
from  a  bacterial  peritonitis.  The  barium  acts  as  a  foreign  body  and  be- 
comes encapsulated  rather  than  absorbed.  The  significance  of  this  will 
be  discussed  under  mortality  and  prognosis.  In  two  cases  gastric  lavage 
precipitated  perforation. 

Diagnosis  and  therapy.  In  spite  of  the  difficulty  in  the  diagnosis  of 
actual  perforation,  in  six  cases  operation  was  performed  \\-ithin  two  hours 
after  the  accident.  In  one  case  six  hours  elapsed  before  operation;  in 
three  cases  there  was  an  interval  of  at  least  twelve  hours.  In  three  cases, 
operation  was  not  carried  out  at  all.  In  one,  the  patient  was  in  extremis; 
in  another,  the  perforation  was  an  unsuspected  autopsy  finding;  and  in  a 
third,  the  perforation  was  a  terminal  manifestation. 

Prognosis  and  mortality.  Despite  the  fact  that  all  but  one  case  in  this 
series  were  recognized  clinically,  the  mortality  was  comparatively  high. 
Of  the  ten  operated  cases,  six  recovered,  four  ceased,  an  operative  mortality 
of  40  per  cent.  The  time  interval  elapsing  between  perforation  and 
operation  bears  the  same  general  relationship  to  prognosis  as  in  all  reported 
series  of  perforated  lesions  of  the  stomach  and  duodenum.  In  this  group, 
with  one  exception,  all  cases  operated  upon  within  six  hours  of  the  perfora- 
tion recovered.  The  exception  was  a  patient  who  perforated  following 
barium  meal  examination  and  in  whom  barium  was  found  freeh'  dispersed 
in  the  peritoneal  cavit.y.  In  spite  of  prompt  surgical  intervention  (one 
and  one-half  hours)  the  patient  succumbed  with  a  general  peritoneal  in- 
fection. In  the  two  other  patients  who  perforated  following  barium  meal 
examination,  one  was  so  shocked  that  operation  was  not  deemed  feasible. 
In  all  patients  in  whom  either  barium  meal  examination  or  gastric  lavage 
preceded  perforation  death  ensued  irrespective  of  the  time  interval  elaps- 
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ing.  The  altered  prognosis  caused  by  these  precipitating  factors  is  no 
doul)t  contributed  to  by  the  overwhelming  peritoneal  sepsis  incident  to 
lavage  fluid  inundating  the  peritoneal  ca\  ity  and  by  the  toxicity  and  chem- 
ical irritation  of  barium. 

Stnall  intestinal  perforations.  We  have  encountered  two  cases  of  ileal 
perforation  (Table  II).  In  one,  the  clinical  picture  was  complicated  hy 
an  intestinal  obstruction  caused  by  gall  stones  obstructing  the  ileum, 
which  in  turn  resulted  in  a  decubital  ulceration  with  perforation.  The 
diagnosis  was  not  made  clinically.  In  the  other  case,  frank  evidences  of 
perforation  occurred.  The  patient  was  operated  upon  approximately 
fourteen  hours  after  a  perforation  caused  by  a  lymphosarcoma  of  the  ileum. 
Death  ensued  of  a  general  peritoneal  infection. 

Large  intestinal  perforation.  Seven  cases  comprised  this  group  (Table 
III).  In  all  but  one,  chronic  ulcerative  colitis  (six  non-specific,  one 
amoebic)  was  the  underlying  causative  factor.  The  one  exception  was  a 
young  man  with  a  huge  megacolon  who  perforated  a  stercoral  ulcer.  Free 
air  was  aspirated  from  the  peritoneal  cavity.  Shock  and  collapse  super- 
vened so  promptly  as  to  make  operation  impossible.  There  was  no  post- 
mortem examination.  In  contradistinction  to  the  perforations  encoun- 
tered in  the  stomach  or  duodenum,  perforations  of  the  colon  are  attended 
by  much  more  difficulty  in  diagnosis  and  this  complication  in  the  cases 
reviewed  has  been  uniformh'  fatal.  There  are  certain  circumstances 
which  contribute  to  this  dismal  picture.  The  patients  are  chronically  and 
desperately  sick.  They  usually  are  suffering  from  an  acute  exacerbation 
of  a  devastating  and  debilitating  illness  of  long  standing.  Meteorism, 
abdominal  cramps  and  tenderness  are  so  intimately  a  feature  of  the  clinical 
picture  that  supervening  perforation  is  difficult  to  appreciate.  Peritoneal 
reaction  is  so  common  in  this  group  of  patients  because  of  the  deep  sub- 
peritoneal ulcerations  that  almost  inappreciable  changes  in  the  abdominal 
picture  easuo  following  actual  perforation.  While  in  a  number  of  cases 
the  complication  was  suspected,  in  others  exitus  occurred  with  the  lesion 
first  demonstrated  at  post-mortem  examination.  In  contradistinction  to 
the  ulcer  group,  the  patients  in  this  group  perforated  much  later  after 
admission.  The  high  mortality  is  contributed  to  by  the  underlying  con- 
stitutional disease  and  the  resultant  fecal  peritonitis.  Whether  chemo- 
therapy will  influence  this  uniformly  fatal  complication  remains  to  be  seen. 

SUMMARY 

Twenty-two  cases  of  free  intra-peritoneal  perforations  of  the  gastrointes- 
tinal tract  occurring  during  hospital  residence  are  reviewed.  Thirteen 
of  these  occurred  in  the  stomach  and  duodenum,  two  in  the  ileum,  and 
seven  in  the  colon.  Of  this  number,  six  recovered  after  operation. 
Factors  in  causation,  prognosis,  and  differences  in  the  clinical  groups 
both  as  to  diagnosis  and  prognosis  are  discu.s.sed. 
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CONCLUSIONS 

In  spite  of  closer  observation  and  diagnostic  competency  available  in 
hospital  wards,  perfoi-ations  of  the  gastrointestinal  tract  occurring  under 
observation  have  a  mortality  that  seems  higher  than  that  in  corresponding 
conditions  with  which  patients  are  primarily  admitted. 

Every  effort  should  be  made  to  appreciate  minute  differences  in  symp- 
toms and  objective  findings  in  patients  in  whom  a  potentially  perforated 
lesion  is  likely  to  exist. 

Promptness  in  diagnosis  and  surgical  intervention  is  a  deciding  factor 
for  a  more  favorable  prognosis. 
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OCULAR  TENSION  AND  INTRAOCULAR  CIRCULATION 


CARL  ROLLER,  M.D. 

[Consultant  Ophlhalmologist  to  The  Mount  Sinai  Hospital,  New  York] 

The  ocular  tension  is  to  a  great  extent  dependent  on  the  intraocular 
circulation,  although  there  are  several  other  factors  which  affect  it.  The 
normal  ocular  tension  is  equivalent  to  the  pressure  of  a  column  of  mercury 
15  to  20  mm.  in  height,  and  is  measured  as  a  rule  with  the  Schioetz  tonom- 
etei*.  The  latter  has  supplanted  digital  palpation,  the  method  formerly 
in  use.  Ocular  tension  represents  the  balance  between  secretion  and 
reabsorption  of  the  ocular  fluids.  Of  these  the  aqueous  humour  of  the 
anterior  and  the  posterior  chamber  (the  latter  between  the  iris  and  the 
lens)  ranks  first.  However,  the  suprachoroidal  fluid  (between  the  choroid 
and  the  sclerotic)  should  not  be  overlooked.  In  cases  of  acute  ocular 
hj^pertension  this  may  be  considerable  in  amount  as  for  instance  in  acute 
glaucoma.  If  an  operator  wishes  to  perform  an  iridectomy  upon  an  eye 
in  which  the  anterior  chamber  is  very  shallow  because  the  iris  is  pressed 
against  the  cornea,  he  performs,  if  he  is  wise,  a  "posterior  sclerotomy." 
In  this  he  plunges  a  cataract  knife  into  the  eyeball  in  a  meridional  plane 
at  a  secure  distance  back  of  the  ciliary  body,  and  makes  a  cut  of  about  5 
mm.  through  the  sclerotic.  This  enables  the  anterior  chamber  to  become 
deeper  and  the  iris  recedes  from  the  cornea.  This  in  turn  facilitates  in- 
cision with  the  keratom  and  prevents  enclosure  of  the  "iris  angles"  into 
the  wound,  which  would  be  apt  otherwise  to  nullify  the  benefit  of  the 
operation.  In  posterior  sclerotomy,  in  cases  of  acute  glaucoma,  the 
first  thing  to  appear  is  not  a  bead  of  \-itreous,  as  one  might  expect,  but  a 
burst  of  watery  fluid,  e\  idently  edema  fluid  transuded  from  the  choroidal 
vessels  into  the  space  between  the  choroid  and  the  sclerotic. 

The  aqueous  humous  is  secreted  by  the  ciliary  processes  into  the 
"posterior  chamber",  whence  it  circulates  freely  thi-ough  the  pupil  into  the 
anterior  chamber.  It  is  reabsorbed  into  circulation  by  the  "Pectinate 
Ligament",  consisting  of  loose  connective  tissue  in  the  "angle  of  the 
anterior  chamber"  between  the  root  of  the  iris  and  the  sclerotic.  From 
this  it  passes  into  the  so-called  "Canal  of  Schlemm",  a  circular  venous  sinus 
in  the  most  anterior  part  of  the  sclerotic  not  far  behind  its  junction  with 
the  cornea. 

These  are  the  teachings  of  almost  every  textbook,  but  are  far  from  ex- 
hau.sting  all  the  facts.  That  the  aqueous  humour  is  secreted  (not 
transuded)  by  the  ciliary  processes  is  undoubtedly  correct.    The  latter 
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are  frequently  alluded  to  as  "glands",  but  if  we  come  to  the  question  of 
the  reabsorption  of  the  aqueous,  we  can  glean  important  additional  knowl- 
edge by  examining  the  manner  of  action  of  so-called  miotics  and  mj'driatics 
in  ocular  hypertension.  (Miotics  are  the  drugs  which,  locally  applied, 
contract  the  pupil.  INIj'driatics  are  the  drugs  which,  localh*  applied,  widen 
the  pupil).    Miotics  relieve  and  mydriatics  aggravate  the  hypertension. 

Ocular  hypertension,  apart  from  changes  due  to  chemical  alterations  of 
the  blood,  depends  to  a  great  extent  on  intraocular  circulatory  conditions. 
Miotics  and  mydriatics  exert  a  powerful  influence  on  this  circulation, 
miotics  increasing  it  and  mydriatics  retarding  it.  It  will,  therefore,  be 
necessary  to  discuss  the  mechanism  of  their  effect  upon  the  intraocular 
circulation.  This  will  be  taken  up  first  in  an  analysis  of  the  relation  of 
the  size  of  the  pupil  to  the  circulation  of  the  iris. 

The  normal  width  of  the  pupil  depends  on  two  factors:  1)  the  stat'e  of 
contraction  of  the  sphincter  muscle  (which  is  controlled  by  the  amount 
of  light  acting  upon  the  center  of  the  retina)  and  2)  the  state  of  the  iris 
circulation.  It  will,  therefore,  be  necessary  to  say  a  few  words  on  the 
anatomical  structure  of  the  iris  and  of  the  choroid. 

The  Structure  of  the  Iris.  Going  from  front  to  back  we  encounter:  1) 
a  thin  layer  of  endothelial  cells;  2)  the  anterior  limiting  membrane;  3)  the 
"vascular  laj'er",  the  most  voluminous  of  the  iris  layers,  con.sisting  of  loose 
sponge-like  tissue.  It  contains  the  iris  arteries,  which  are  radially  arranged, 
tortuous,  and  surrounded  by  connective  tissue  with  many  elastic  fibres;  it 
contains  also  capillaries  and  veins,  also  radially  arranged  and  located 
mostly  on  the  posterior  surface.  The  vascular  layer  also  contains  the 
sphincter  muscle  itself;  4)  the  posterior  glass  membrane,  an  extremely  thin, 
homogenous  elastic  membrane,  which  by  certain  methods  of  preparation 
shows  radial  striation.  It  has  been  taken  for  a  muscle,  and  called  the 
dilator  of  the  pupil  (which,  in  a  sense,  it  is  by  reason  of  its  elasticity). 
Hov.ever,  against  its  muscular  nature  speaks  the  fact  that  in  thickness  it 
does  not  approach  the  diameter  of  smooth  muscle  fibres;  5)  the  pigment 
epithelium  on  the  posterior  iris  surface. 

The  Structure  of  the  Choroid.  Proceeding  from  inside  towards  the 
surface  we  find:  1)  the  pigment  epithelium,  which  rightly  belongs  to  the 
retina;  2)  the  glass  membrane;  3)  the  choriocapillaris ;  4)  the  vascular 
layer,  the  most  substantial  part  of  the  choroid,  containing  the  larger 
arteries  and  the  extensive  venous  system;  5)  the  suprachoroid,  a  loose 
connective  tissue,  between  the  choroid  and  the  sclerotic,  which  in  cases  of 
acute  glaucoma  contains  a  voluminous  watery  fluid,  tran.«uded  from  the 
choroidal  blood  vessels. 

Something  should  also  be  said  about  the  anterior  ciliary  veins.  These 
collect  blood  from  the  ciliary  body  (muscle)  and  adjoining  parts  of  the 
sclerotic.  They  perforate  the  sclerotic  (from  within  outward),  about  5 
mm.  from  the  corneoscleral  junction,  then  turn  backwards,  join  other 
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veins  from  the  episclera,  and  together  with  these  form  larger  veins  (not 
visible)  which  run  along  or  under  the  external  eye  muscles  to  end  in  the 
ophthalmic  vein.  The  points  of  perforation  of  the  sclerotic  are  visible, 
and  in  cases  of  ocular  hypertension  look  distended.  At  these  very  points 
the  anterior  ciliary  veins  receive  small  tributaries  from  the  ocular  con- 
junctiva and  episclera,  and  these  (often  erroneously  called  "anterioi- 
ciliary  veins")  appear  engorged  in  cases  of  ocular  hj-pertension,  so  that  the 
experienced  phj'sician  can  by  inspection  alone,  without  pal])ation,  con- 
clude that  hypertension  is  present. 

Circulatory  Effects  of  the  Miotics.  Physostigmin  (Eserin),  pilocarpin, 
muscarin,  locally  applied  by  instillation,  have  all  the  same  effect  but  in 
decreasing  strength  in  the  order  named.  They  contract  the  pupil  by 
stimulating  the  oculomotor  nerve  endings  in  the  sphincter  muscle  and  cause 
a  spasm  of  accommodation.  They  are  also  said  to  paralyze  the  "dilator", 
which  has  been  supposed  to  exist  in  the  form  of  radial  fibres  of  muscle  on 
the  posterior  surfaee  of  the  iris,  just  beneath  the  pigment  epithelium. 
In  the  human  eye,  as  already  mentioned,  there  is  no  dilator  muscle.  On 
this  point  the  best  authoiities  are  agreed  (the  most  noteworthy  of  these 
being  Schwalbe).  Dilator  action  exists,  nevertheless,  and  is  represented 
by  elastic  fibres  surrounding  the  iris  arteries.  These  fibres  are  radially 
arranged  and  tortuous,  following  the  course  of  the  arteries.  They  become 
elongated  and  straight  when  either  contraction  of  the  sphincter  or  con- 
gestion stretches  the  arteries.  One  sees  readily  that  congestion  of  the  iris 
arteries  must  straighten  them,  broadening  the  iris  and  contracting  the 
pupil.  Congestion  of  the  iris  arteries,  therefore,  opposes  and  overcomes 
the  dilator  effect  of  the  elastic  fibres  ("paralyzing  the  dilator").  There  is 
a  classical  experiment  proving  this,  which  the  writer  has  performed  many 
times,  when  staining  the  corneal  nerves  by  introducing  methylene  blue 
into  the  circulation.  If  one  injects  a  solution  of  methylene  blue  into  the 
aorta  of  a  freshly  killed  white  rabbit,  one  can  observe  in  the  same  instant 
the  iris  becomes  blue  and  the  pupils  contract. 

In  iritis  we  find  the  pupil  small  because  the  iris  arteries  are  congested. 
Every  agency  which  tends  to  increase  the  flow  of  blood  to  the  head  makes 
the  pupil  small;  morphine,  chloroform,  chloral  and  similar  agents  act  thus 
through  the  circulation.  Contrariwise,  everything  which  drains  blood 
from  the  head  dilates  the  pupils,  a  fainting  spell,  death. 

Of  the  miotics,  pilocarpin  is  the  most  representative  and  the  most 
important.  Eserin  acts  more  powerfully,  even  too  powerfully,  and  may 
cause  painful  cramp-like  contraction  of  the  mu.scle  of  accommodation. 
It  is  apt  to  cause  "posterior  adhesions"  of  the  pupil  to  the  lens-capsule, 
possibly  as  a  result  of  extravasation  of  fibrin  from  the  excessively  congested 
iris  arteries.  Pilocarpin  is  an  alkaloid  extracted  from  "Pernambuco 
Jaborandi",  the  leaves  and  twig  tips  of  a  South  American  plant,  "Pilo- 
carpus Pinnatus".    Suitable  doses  brought  into  the  general  circulation 
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by  subcutaneous  injection  increase  secretion  of  the  sweat,  tear,  salivary, 
gastric  and  intestinal  glands,  and  produce  vomiting.  All  these  effects 
are  stopped  by  atropine. 

Instilled  into  the  conjunctival  sac  pilocarpin  produces  miosis  and  spa.sm 
of  the  muscle  of  accommodation,  which  .shows  itself  by  apparent  myopia 
of  low  degree.  When  used  in  an  eye  whose  pupil  has  previously  been 
dilated  by  atropine  or  another  mydriatic,  the  miosis  is  of  shorter  duration, 
after  which  the  mydriatic  effect  asserts  itself  again. 

The  contraction  of  the  pupil  is  due  to  two  factors,  stimulation  of  endings 
of  branches  of  the  oculomotor  nerve  which  pass  to  the  sphincter  muscle  and 
dilatation  of  the  iris  arteries.  Previously  the  latter  effect  was  supposed  to 
result  from  paraly.sis  of  filaments  of  the  sympathetic  nerve  which  innervate 
the  "dilator  iridis".  In  the  human  eye,  as  already  stated,  no  dilator  muscle 
has  been  proved  to  exist,  but  rather  a  dilating  force  caused  by  the  radial 
pull  of  the  peri-arterial  elastic  fibres  in  the  vascular  layer  of  the  iris.  This 
pull  tends  to  keep  the  arteries  tortuous,  while  the  flow  of  blood  tends  to 
straighten  them.  When  in  death  the  iris  arteries  become  empty,  the  elastic 
pull  of  these  fibres  is  unopposed  and  the  pupil  becomes  verj^  wide.  The 
correctness  of  this  view  is  proved  further  by  the  fact  that  a  pupil  dilated 
by  a  mydriatic  becomes  wider  still  if,  in  addition,  cocaine  is  instilled. 
Cocaine  has  a  very  strong  vasocon.strictor  effect,  whereas  it  does  not  affect 
the  sphincter  or  the  accommodation.  If  this  strong  vasoconstrictor  effect 
is  added  to  the  weaker  vasoconstrictor  effect  of  other  mydriatics,  the 
maximal  possible  widening  of  the  pupil  is  attained. 

It  is  a  very  important  fact  that  pilocarpin  dilates  the  iris  arteries.  There 
are  few  authors  who  have  recognized  this.  Quoting  from  Schick  and 
Brueckner's  Handbook  of  Ophthalmology,  Vol.  I\',  pg.  781:  "Dilatation 
of  blood  vessels  of  the  iris  was  observed  by  Thiel  through  examination  in 
redfree  light.  Koller  also  points  to  the  vasodilating  effect  of  the  miotics. 
A  further  support  of  this  view  is  fovmd  in  the  experimental  observations 
of  K.  Schmidt,  who  after  injecting  pilocarpin  into  the  vitreous  of  the 
rabbit's  eye,  in  spite  of  considerable  lowering  of  tension,  found  increase 
of  weight  of  the  enucleated  eyeball.  This  is  proof,  that  pilocarpin  causes 
gorging  of  the  blood  vessels". 

The  Normal  Tension  of  the  Eye.  This,  as  shown  by  animal  experimenta- 
tion, is  influenced  by  pilocarpin  first  by  an  insignificant  increase  of  2  to  3 
mm.  Hg  followed  after  5  to  10  minutes  by  a  lowering  of  tension.  This  has 
been  confirmed  by  other  observers. 

The  Effect  which  Miotics  have  in  Reducing  Ocular  Hypertension.  This  is 
explained  in  textbooks  by  their  pull  of  the  root  of  the  iris  away  from  the 
cornea  at  the  angle  of  the  anterior  chamber,  thereby,  "freeing  the  angle  of 
the  chamber"  and  enabling  the  "Pectinate  Ligament"  to  exert  its  function 
of  reabsorbing  the  aqueous  humour.    All  this  is  .supposed  to  be  accom- 
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plished  by  the  contraction  of  the  sphincter.  In  reaHty  there  is  much  more 
than  this.  As  tlie  author  and  others  have  shown,  miotics  dilate  or  congest 
the  iris  arteries  which,  by  their  stretching  effect,  increase  the  contracting 
effect  of  the  sphincter  upon  the  pupil.  When  the  circulation  of  the 
blood  in  the  iris  is  speeded  up,  the  absorption  of  the  aciueous  humour  and 
other  ocular  fluids  is  likewise  facilitated.  This  explains  also  the  beneficial 
effect  of  hot  applications  to  the  eye  or  side  of  the  face  in  reducing  ocular 
hypertension.  This  also  explains  the  beneficial  effect  of  morphine,  acting 
through  the  general  circulation  and  the  fa\  orable  effect  of  dionine,  which 
causes  a  powerful  and  stormy  local  congestion  and  incidentally  also  con- 
tracts the  pupil  (which  is  not  generally  known),  although  in  a  weak  and 
indecisive  way.  The  contracting  effect  of  dionine  on  the  pupil  is  probably 
not  due  to  any  direct  action  upon  the  sphincter  but  to  congestion  and 
.stretching  of  the  tortuous  iris  arteries. 

Contrariwise  the  bad  effect  which  mydriatics  have  on  ocular  hypertension 
and  their  power  occasionally  to  precipitate  an  attack  of  glaucoma  in 
predisposed  individuals  is  explained  in  the  textbooks  by  a  mechanical 
"blocking  of  the  iris  angle"  which  prevents  the  "Pectinate  Ligament" 
from  fimctioning  properlj-.  There  are  probably  additional  causes  for  this 
influence.  Mydriatics  also  constrict  the  iris  arteries.  This  vasoconstrict- 
ing  effect  adds  to  the  sphincter-paralyzing  effect  in  producing  dilatation 
of  the  pupil.  This  is  shown  convincingly  by  instilling  cocaine  into  an 
eye  whose  pupil  has  previously  been  widened  by  a  mydriatic.  Cocaine 
has  the  strongest  vasoconstricting  effect  of  all  mydriatics,  yet  has  hardly 
any  effect  on  the  sphincter.  Nevertheless,  it  cau.ses  in  fact  the  maximal 
mydriasis  possible  to  obtain.  In  mydriasis  the  circulation  in  the  iris  is 
reduced,  the  ciliary  processes  are  in  turn  congested,  the  large  veins  of  the 
choroid  are  engorged,  and  the  reab.sorption  of  ocular  fluids  is  hampered. 
At  the  same  time  one  witnesses  the  gorged  aspect  of  the  "anterior  ciliary 
veins"  (or  rather,  as  explained  before,  the  affluent  conjunctival  and 
episcleral  tributaries,  which  join  the  real  anterior  ciliary  veins,  stopping 
.short  at  the  point  of  dilatation  where  the  latter  perforate  the  sclerotic). 

In  ca.ses  of  hypertension  of  acute  and  subacute  glaucoma  we  find  the 
pupil  irregularly  dilated  (oval),  not  because  of  any  paralysis  of  the 
sphincter,  but  as  an  expression  of  anemia  of  the  iris  arteries  in  some  of  the 
sectors.  In  contrast  to  this  arterial  anemia,  the  venous  .system  of  the 
choroid  is  engorged,  of  which  condition  the  aspect  of  the  bulbo-conjunctival 
branches  of  the  anterior  ciliary  veins  gives  emphatic  evidence.  This 
contrast  of  the  circulation,  arterial  anemia,  and  venous  engorgement  is 
characteristic  of  acute  glaucomatous  hypertension.  The  spa.sm  of  the 
arteries  sets  up  an  obstacle  to  the  flow  of  blood  through  the  capillaries 
and  veins,  the  "rzs  a  tergo"  being  insufficient,  so  that  the  blood  stagnates. 
The  beneficial  effect  of  miotics  is  explained,  therefore,  by  their  speeding 
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up  of  the  ocular  circulation,  and  the  harmful  effect  of  mydriatics,  of  which 
cocaine  is  an  outstanding  example,  by  vasoconstriction.  Cocaine  alone, 
or  combined  with  a  weak  mydriatic  like  Euphthalmin,  is  capable  of  precipi- 
tating an  acute  attack  of  ocular  hypertension  in  a  predisposed  individual. 
The  writer  knows  of  his  own  experience,  among  other  cases,  that  of  a 
famous  French  ophthalmologist  who  in  the  first  daj'S  of  cocaine,  over  56 
years  ago,  unwittingly  released  an  attack  of  glaucoma  by  instilling  cocaine 
into  his  own  eye. 


A  CONGENITAL  CARDIAC  ANOMALY:  ATRESIA  OF  MITRAL 
ORIFICE  AND  SEPARATION  OF  LEFT 
AURICLE  AND  VENTRICLE 

With  an  Appended  Case  of  Absent  Left  Ventricle 

E.  B.  KRUMBHAAR,  M.D.,  Ph.D. 

[Professor  of  Pathology,  University  of  Pennsylvania,  School  of  Medicine, 
Philadelphia,  Pa.] 

True  atresia  of  an  auriculo-ventricular  orifice  is  a  very  rare  form  of 
cardiac  anomaly,  and  especially  so  on  the  left  side  of  the  heart.  In  the 
case  reported  below,  in  addition  to  several  other  developmental  defects, 
not  only  was  there  no  orifice  between  the  left  auricle  and  ventricle,  but  also 
the  two  chambers  did  not  appear  to  have  any  connection  and  were  actually 
separated  by  a  space  of  5  mm.  at  their  nearest  points. 

CASE  REPORT 

History.  A  black  female  was  born  May  17,  1940,  of  apparently  healthy  parents. 
The  mother  had  had  two  previous  healthy  children.  Pregnancy  lasted  32  weeks; 
labor,  18  hours.  The  fetal  heart  sounds  had  been  heard  10  days  before  delivery. 
The  body  weighed  1570  gms.,  and  measured  34  cm.  in  length.  After  delivery,  the 
heart  was  observed  to  have  given  several  beats,  but  the  baby  did  not  breathe  or 
move. 

Autopsy  ('40 — 639 — Dr.  Harold  M.  Horack;  24  hours  after  death).  In  addition 
to  the  cardiac  anomalies,  to  be  described  below,  there  were  found:  spina  bifida  with 
meningomyelocele  of  the  cervical  cord;  absence  of  left  radius,  left  adrenal  and  left 
kidney.  The  lungs  were  completely  atelectatic;  they  had  the  usual  number  of 
lobes. 

The  heart  weighed  7  gms.  The  bulk  of  the  heart  is  made  up  of  a  dilated  and  hyper- 
trophied  right  ventricle  measuring  externally  2.6  cm.  in  length  by  1.8  cm.  at  greatest 
transverse  diameter.  From  this  a  relatively  large  arterial  trunk  (pulmonary  ?, 
transposed  aorta  ?)  arises.  Adjacent  to,  and  communicating  with,  this  chamber  by 
means  of  a  small  interventricular  septal  defect,  is  an  extremely  small  and  rudimen- 
tary left  ventricle,  which  measures  about  8  mm.  in  length  by  3  mm.  in  diameter. 
The  capacity  of  this  chamber  is  about  0.1  cubic  centimeter.  Arising  from  this 
rudimentary  ventricle  there  is  a  small,  thin-walled  arterial  trunk  (8  mm.  in  circum- 
ference) which  has,  at  its  origin,  a  valve  with  two  minute,  thickened,  and  imperfectly 
formed  cusps.  (The  arterial  wall  appears  somewhat  wrinkled  after  fixation.)  The 
orifice  between  the  cusps  is  small,  and  the  valve  appears  stenotic.  The  interven- 
tricular septal  defect  (2  mm.  in  diameter)  extends  from  the  base  of  the  rudimentary 
ventricle  to  a  point  just  below  the  origin  of  the  major  arterial  trunk  in  the  large 
ventricle.  The  major  arterial  trunk  (pulmonary  artery  ?)  is  supplied  with  a  valve 
measuring  16  mm.  in  diameter.  Its  three  cusps  are  normal,  except  for  being  slightly 
unequal  in  size.  The  coronary  arteries  have  their  origin  in  the  sinuses  behind  the 
two  smaller  cusps;  the  left  coronary  arising  from  the  anterior  sinus  and  the  right 
coronary  from  the  posterior  sinus. 
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The  heart  has  two  auricles:  the  right  is  hypertrophied  and  dilated,  its  cavity 
measuring  approximately  1  cm.  in  length  by  0.8  cm.  in  diameter;  the  other  is  small 
and  hypoplastic  (approximately  0.6  x  0.5  cm.).    The  larger  auricle  is  about  3  to  4 


PuL  Vein 

Rod  Thru 
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5uf  ^ENA  Cava 
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FiG.  1.  Heart — Posterior  view.  A  large  rod  extends  from  the  left  auricle  through 
the  foramen  ovale  into  the  right  auricle,  where  it  is  seen  through  the  opening  of  the 
posteriorly  placed  inferior  vena  cava.  The  stumps  of  one  of  the  pulmonary  veins 
and  the  superior  vena  cava  can  be  seen.  The  greater  size  of  the  right  auricle  is 
obvious;  no  part  of  the  diminutive  left  ventricle  is  visible. 


Fig.  2.  Anterior  aspect  of  the  opened  heart.  Above  the  small  left  ventricle  (L. 
V.)  is  the  opened,  slightly  wrinkled  aorta  (Ao).  The  label  R.  A.  sits  on  part  of  the 
tricuspid  valve.    The  left  auricle  lies  behind  the  opened  pulmonary  artery. 

times  the  size  of  the  smaller.  The  two  auricles  communicate  through  a  widely 
patent  foramen  ovale  3  mm.  in  diameter.  Part  of  the  adjacent  septum  is  membra- 
nous.   Between  the  large  right  auricle  and  ventricle  is  a  functioning  valve  (23  mm. 
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in  eircuniference)  that  is  supplied  witli  two  large  and  one  small,  thin,  freely  movable 
leaflets.  These  are  not  completely  separated  from  each  other  and  might  be  regarded 
as  two  leaflets.  No  point  of  communication  between  the  small  auricle  and  the 
rudimentary  ventricle  could  be  identified;  in  fact,  the  lumina  of  the  two  chambers 
at  their  nearest  points  are  at  least  5  mm.  apart.  The  great  veins  were  not  examined 
in  situ,  but  insofar  as  can  be  determined  now  there  is  no  gross  abnormality  other 
than  the  greater  size  of  the  vessels  returning  to  the  right  auricle.  These  are  much 
larger  and  sturdier  than  the  pulmonary  veins.  The  inferior  vena  cava  enters  the 
auricle  much  more  posterior  and  nearer  the  septum  than  is  normally  the  case.  There 
is  a  relatively  large  and  patent  ductus  arteriosus  which  communicates  between  the 
major  and  minor  arterial  trunks  mentioned  above.  (This  was  not  included  in  the 
preserved  specimen.) 

Microscopic  Examination.  A  section  was  taken  horizontally  (heart  upright) 
extending  from  the  wall  of  the  diminutive  left  ventricle,  through  the  interventricu- 


FiG.  3.  Semi-diagrammatic  drawing  of  the  same  aspect  as  Fig.  2,  showing  the 
considerable  space  between  left  auricle  and  left  ventricle,  with  rods  through  the 
septal  defects. 

lar  septum,  the  base  of  the  right  ventricle  (intervening  between  left  ventricle  and 
auricle)  and  the  left  auricle.  It  showed  a  myocardium  normal  for  a  full-term  infant. 
No  differences  could  be  detected  in  the  muscle  fibers  of  the  two  ventricles.  Xo 
abnormal  collections  of  cells  or  connective  tissue  were  seen,  to  suggest  present  or 
past  inflammation.  Sections  from  the  walls  of  the  two  arteries  likewise  showed  no 
abnormalities,  so  that  the  wrinkling  noted  above  is  taken  to  be  a  fixation  artefact. 

Probable  Explanation  of  the  Cardiac  Anomaly.  The  primary  defect  here  seems  to 
have  been  the  closure  of  the  communication  between  the  left  auricle  and  ventricle. 
Presumably,  the  heart  had  been  divided  in  the  second  month  of  fetal  life  into  its 
four  chambers  by  the  auricular  and  ventricular  septa  and  the  endocardial  cushions 
of  the  auriculo-ventricular  canal.  As  the  defect  is  presumably  one  of  development 
(no  signs  of  fetal  heart  disease,  and  also  the  presence  of  other  anomalies),  one  may 
assume  an  overdevelopment  of  the  endocardial  cushions  on  the  left  side  until  they 
met  and  obliterated  the  auriculo-ventricular  orifice,  after  the  invcrventricular 
septum  had  been  almost  completely  formed.  In  this  event,  very  little  blood  reached 
the  left  ventricle,  so  that  it  and  its  artery  remained  markedly  hypoplastic. 
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Similarly  the  flow  of  blood  out  of  the  left  auricle  was  inhibited  and  it  too  remained 
hj'poplastic — the  right  heart  practically  performing  the  work  of  both  sides,  the  ex- 
traeardiac  distribution  of  blood  being  mainly  accomplished  through  an  unusually 
large  ductus  arteriosus.  With  the  continuing  hypertrophy  of  the  right  heart  and 
the  left  remaining  stationary  in  size  and  the  left  auricle  relatively  fixed,  the  diminu- 
tive left  ventricle  was  gradual!}'  pulled  by  the  growth  of  the  right  ventricle  further 
and  further  from  the  auricle  with  which  it  had  originally  been  connected. 

The  presence  of  a  cardiac  anomaly  was  not  suspected  until  after  the  heart  was 
removed  from  the  body,  and  unfortunately  the  autopsy  record  did  not  contain  de- 
tailed statements  about  the  arterial  distribution  (location  of  origin  of  innominate, 
subclavian,  carotid  arteries,  course  of  systemic  aorta).  It  is  not  possible,  therefore, 
to  say  definitely  whether  the  large  artery  coming  from  the  right  ventricle  was  the 
pulmonary  artery  or  a  transposed  aorta.    The  origin  of  the  coronary  arteries  from 


Fig.  4.  Diagram  (after  Maude  Abbott  (1))  to  show  the  probable  course  of  the  blood, 
if  the  infant  had  survived.  Arrows  indicate  the  course  of  the  blood  stream,  and  the 
stippling  indicates  the  proportion  of  oxygenation.  The  unstippled  left  auricle 
(oxygenated)  would  probably  have  contained  some  venous  blood. 

this  vessel  would  point  more  definitely  toward  its  being  the  aorta  if  it  were  not  for 
the  fact  that  coronary  arteries  have  been  observed  arising  from  the  pulmonary  ar- 
tery (5).  In  either  case,  the  dj^namics  of  the  circulation  would  be  essentialh'  the  same, 
the  arterial  blood  going  to  the  systemic  aorta  and  its  branches  directly  in  the  latter 
case  (transposed  aorta)  or  from  the  pulmonary  artery  through  the  wide  ductus  arterio- 
sus in  the  former  case.  The  blood  returning  from  the  lungs  through  apparently  nor- 
mal pulmonary  veins  had  the  widely  patent  foramen  ovale  as  the  only  means  of  exit. 
Presumably,  however,  the  hypertrophied  right  auricle  pumped  some  blood  through 
the  foramen  into  the  left  auricle  With  each  auricular  sj'Stole,  so  that  there  was  an 
ebb  and  flow  between  the  auricles,  such  as  might  be  pictured  between  an  auricle  and 
its  auricular  appendage. 

The  disturbances  in  blood  flow  produced  by  the  primarj-  anomaly  prevented  the 
closure  of  the  interventricular  septum,  and  kept  the  foramen  ovale  more  widely 
open.    That  considerable  blood  passed  through  the  ventricular  septal  defect  is 
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shown  by  the  fact  that  the  aorta  (?)  is  considerably  larger  than  would  be  required 
by  the  diminutive  left  ventricle.  (The  slightly  thickened  cusps  are  the  only  items 
at  all  suggestive  of  fetal  inflammatory  disease;  but  they  seem  better  explained  as 
minor  developmental  variations.)  It  is  worth  noting  that  all  the  unilateral  anom- 
alies were  on  the  left  side. 

COMMENT 

A  careful,  but  by  no  means  exhaustive,  search  of  the  Uterature  has  failed 
to  reveal  another  case  where  the  auricle  and  ventricle  were  actually  sepa- 
rated from  each  other,  as  well  as  having  their  connecting  orifice  closed. 
Incidentalh'  this  search  was  unnecessarily  complicated,  even  in  Maude 
Abbott's  (1)  well  known  Atlas,  by  the  misuse  of  the  term  "atresia"  (con- 
genital absence  or  pathological  closure  of  a  normal  opening  or  passage,  lit., 
without  a  hole)  where  "stenosis,"  or  narrowing,  was  meant. 

True  atresia  of  an  auriculo-ventricular  valve  is  a  rare  anomaly.  Poynter 
(7)  cites  a  number  of  cases  of  single  atrio-ventricular  opening,  but  these 
include  many  corda  bilocularia  or  trilocularia,  and  of  the  remainder  most 
are  in  the  right  heart.  Two  of  these  throw  some  light  on  possible  ways  of 
development  of  the  atresia.  In  the  Rogers  and  Fortiscue-Brickdale  (9) 
case  the  right  ventricle  was  "separated  completely  from  the  dilated  right 
auricle  by  a  smooth  membranous  septum  into  which  the  chordae  tendineae 
were  inserted."  Kiihne  (6),  on  the  other  hand,  in  a  case  of  tricuspid 
atresia  found  a  "thick  muscle  plate"  separating  the  right  auricle  and  ven- 
tricle. In  a  third  variety,  Schreiber  (10)  found  in  a  cyanotic  child  of  2^ 
years  the  tricuspid  orifice  replaced  by  scar  tissue.  As  there  were  also 
vegetations  present  on  the  mitral  valve,  and  an  obliterative  pericarditis, 
it  is  I'easonable  to  conclude  that  the  atresia  was  here  the  result  of  inflam- 
matory disease.  Thus  it  appears  that  atresia  of  an  auriculo-ventricular 
orifice  may  be  due  to  at  least  three  possible  mechanisms:  1)  early  closure 
by  overgrowth  of  muscle;  2)  fusion  of  valve  leaflets  after  formation  of 
papillary  muscles  and  chordae  (developmental  ?);  3)  intrauterine  inflam- 
matory disease. 

Atresia  of  the  left  auriculo-ventricular  orifice  is  much  rarer  than  atresia 
of  the  orifice  of  the  right  side.  In  Vernon's  (11)  second  case,  which  lived 
eight  daj's,  the  left  auricle  was  "very  small,  in  fact,  a  mere  diverticulum 
from  the  right  auricle;  it  received  two  pulmonary  veins,  one  from  each  lung, 
and  communicated  with  no  other  cavity  than  the  right  auricle.  The 
ventricular  portion  of  the  heart  was  single  and  did  not  present  the  slightest 
vestige  of  a  septum." 

The  heart  that  comes  closest  to  the  one  here  reported  is  that  shown  in 
Figure  4  of  Sir  Arthur  Keith's  (4)  article.  It  was  from  an  otherwise  healthy 
child  who  became  cyanotic  sixteen  hours  after  birth,  and  died  after  forty- 
eight  hours.  The  left  avuiculo-ventricular  orifice  was  obliterated,  and  the 
left  ventricle  diminutive,  only  a  trace  of  these  structures  being  visible. 
The  proximal  aorta  w^as  stenotic,  attaining  normal  size  distal  to  the  widely 
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dilated  ductus  arteriosus.  The  left  auricle  was  small,  its  blood  reaching 
the  right  heart  by  way  of  the  foramen  ovale.  It  appears  to  have  been  in 
contact  with  the  left  ventricle,  though  their  chambers  did  not  communicate. 

Reefschlager  (8)  reports  the  case  of  a  cyanotic  child  who  died  at  the  age 
of  one  year  and  eight  months.  Autopsy  revealed  a  situs  inversus  totalis, 
and  a  trilocular  heart  with  the  single  ventricle  connected  with  the  right 
auricle  and  both  arteries,  but  not  with  the  left  auricle  (which,  of  course, 
received  venous  blood).  He  refers,  also,  to  cases  of  obliteration  of  the 
auriculo-ventricular  orifice,  observed  hy  J.  Steiner  (Traite  des  maladies 
de  I'enfance)  and  by  Grancher  (Diet.  Encyclopedique).  Grothe  (2)  also 
observed  a  case  of  situs  inversus  in  a  child  of  five  weeks,  where  the  atrophic 
left  (venous)  ventricle  was  connected  with  the  right  auricle  but  not  at  all 
with  the  left  (venous)  auricle.  In  Jacoby's  (3)  so-called  cor  biloculare  of  a 
14-day-old  child,  the  cord-like  pulmonary  artery  ended  in  a  blind  sac 
(rudimentary  right  ventricle?)  at  the  base  of  the  heart.  This  serves  as  an 
illustration  of  the  principle  that  if  the  rudimentary  chamber  has  no  com- 
munication with  another  chamber,  the  non-functioning  artery  shrinks  to 
a  cord-like  structure,  but  if  a  septal  defect  persists,  as  in  the  case  here  re- 
ported, the  arterj^  continues  to  function  with  less  reduction  in  size. 

Most  of  the  reported  cases  of  auriculo-^■entricular  atresia  have  lived 
several  hours,  days  or  even  months ;  some  were  even  reported  as  not  cya- 
notic for  varying  periods  after  birth.  It  is  hard  to  understand  how  cyano- 
sis was  avoidable.  It  is  also  hard  to  understand  why  this  particular  cardiac 
anomaly  apparently  has  not  been  previously  observed. 

SUMMARY 

A  heart  of  a  still-born  infant  is  reported,  in  which  the  left  auriculo-ven- 
tricular orifice  was  obliterated,  and  the  left  auricle  separated  from  the  left 
ventricle  by  a  distance  of  several  millimeters.  From  the  diminutive  left 
^•entricle,  which  was  connected  with  the  large  right  ventricle  by  a  small 
septal  defect,  a  small  aorta  (?)  emerged  that  communicated  with  the  large 
pulmonary  artery  (?)  by  a  widely  patent  ductus  arteriosus.  The  foramen 
ovale  was  widely  open.  The  coronary  arteries  arose  from  the  large  artery. 
Other  congenital  anomalies  were  present,  the  unilateral  ones  all  being  on 
the  left  side.  The  heart  beat  was  heard  before  and  after  delivery,  but  the 
child  did  not  breathe  or  move. 

AN  APPENDED  CASE  OF  ABSENT  LEFT  VENTRICLE 

Dr.  W.  F.  Sheldon  has  recently  performed  an  autopsy  (University  of 
Pennsylvania  Hospital,  P.M.  41-1249)  on  a  48  hour  old  negress,  where 
there  was  complete  absence  of  the  left  ventricle.  The  small  left  auricle 
passed  the  blood  from  the  lungs  through  the  foramen  ovale  to  a  large 
right  auricle  thence  to  a  large  right  ventricle.  The  mitral  area  was  re- 
placed by  dense  connective  tissue.    The  large  pulmonary  arterj-  com- 
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municated  through  tho  patent  ductus  arteriosus  with  a  hypoplastic  aorta, 
that  had  its  normal  tributaries  (including  coronaries).  The  aorta  could  be 
traced  proxinially  to  a  blind  pouch  at  the  base  of  the  right  ventricle,  the 
probe  point  being  palpable  from  the  right  ventricle  through  the  septal 
leaflet  of  the  normal  tricuspid  valve.  No  vestiges  of  aortic  or  mitral 
valves  were  foimd.  It  is  not  yet  clear  whether  the  aorta  was  connected 
with  an  undetected  extremely  hypoplastic  left  ventricle  (as  in  the  case 
reported  above),  or  whether  the  large  ventricle  represents  a  common 
chamber  with  complete  failure  of  the  ventricular  septum  to  develop,  yet 
with  division  of  the  truncus  arteriosus  and  closure  of  the  proximal  end  of 
the  aorta.  The  infant  was  born  at  full  term,  two  other  children  being 
healthy;  no  historj'^  of  syphilis.  It  first  became  cyanosed  shortly  before 
death.    Xo  other  congenital  anomalies  were  noted. 
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During  the  course  of  a  large  series  of  experiments  dealing  with  the  re- 
sponse of  dogs  with  abnormal  renal  circulation  to  various  pressor  kidney 
extracts,  administered  intravenously  (1,  2)  a  number  of  animals  at  death 
exhibited  striking  hemorrhagic  and  necrotic  lesions,  most  abundant  in 
the  gastro-intestinal  tract  and  the  heart.  Similar  lesions  have  been  de- 
scribed under  different  experimental  conditions  (3,  4,  5,  6,  7,  9)  and  gen- 
erally accepted  as  the  analogue  of  the  pathological  changes  found  in  the 
malignant  phase  of  human  hypertension.  The  following  brief  pi'otocols 
describe  the  facts  of  the  experiments. 

PROTOCOLS 

Dog  90,  with  a  control  mean  femoral  blood  pressure  of  120  mm.  Hg,  had 
the  left  renal  artery  partially  clamped  (Goldblatt  technic)  on  January  9, 
1939.  The  blood  pressure  rose  to  160  to  180  mm.  Hg.  On  Januarj^  25 
dilute  pig  KE^  was  injected  for  almost  5  hours,  without  ill  effects.  Right 
nephrectomy  was  carried  out  on  February  5  and  dilute  pig  KE'  again  in- 
jected for  101  minutes  on  February  7,  when  the  control  blood  pressure  was 
156  mm.  Hg.  The  blood  non-protein  nitrogen  was  56  mg.  per  cent  on 
February  8,  and  86  mg.  on  February  20,  two  days  after  further  clamping 
of  the  left  renal  artery.  On  February  23,  when  the  blood  pressure  was 
200  and  the  blood  non-protein  nitrogen  58  mg.,  dilute  pig  KE  was  injected 
for  88  minutes.  The  dog  had  convulsions  the  next  day  and  was  killed. 
Autopsy  showed  a  small,  partly  necrotic  left  kidney  with  a  few  hemor- 
rhages; numerous  linear  hemorrhages  over  the  lower  ileum;  hemorrhagic 
necrosis  of  most  of  the  right  ventricular  wall,  less  in  the  left  ventricle, 
septum  and  auricles;  a  small  hemorrhage  into  the  right  vitreous.  The 
microscopic  changes  are  illustrated  in  figures  lA  and  B. 

Dog  71,  with  a  control  mean  femoral  blood  pressure  of  124  to  140  mm. 
Hg,  was  injected  with  dog  KE  in  varying  amounts  on  9  occasions  between 

*The  authors  are  indebted  to  Dr.  David  Klein,  Wilson  &  Co.  Laboratories, 
Chicago,  for  the  hog  kidney  used  in  these  experiments. 
'  KE  denotes  pressor  kidney  extract  or  "renin." 
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March  23  and  September  20,  1938  without  ill  effects.  The  left  renal  artery 
was  partially  clamped  on  March  15,  1939.  Pig  KE,  10  cc,  was  given  on 
March  21  when  the  mean  blood  pressure  was  1G8.  The  right  renal  artery 
was  clamped  on  March  28;  the  blood  non-protein  nitrogen  was  111  mg. 
per  cent  on  March  29.  Pig  KE,  13  cc,  was  gi\  en  on  March  30,  raising  the 
blood  pressure  from  176  mm.  to  300  mm.  Hg  temporarily.  A  rapid  return 
to  the  control  level  suggested  anaphylaxis.  The  blood  non-protein  nitro- 
gen was  204  mg.  the  next  day;  the  dog  was  frankh'  uremic  and  was  killed. 
Autopsy  showed  75  cc.  of  thin  blood  fluid  in  each  pleural  cavity;  many 
subendocardial  hemorrhages  in  the  right  ventricle  and  a  few  in  the  left 


Fig.  lA.  Dog'JC.    -  epicardial,  sub- 

epicardial, and  myocardial  iiemon  hages,  necrosis  of  muscle,  degeneration  of  arteri- 
oles, and  some  leucocytic  infiltration.    X  90. 

B.  Dog  90.  Section  through  left  ventricle  showing  extensive  interstitial  hemor- 
rhage, necrosis  and  hemorrhagic  dissection  of  wall  of  arteriole  and  leucocj'tic  reaction 
in  and  about  wall  of  venule.    X  100. 

ventricle  and  auricles;  a  necrotic  left  kidnej'  with  hemorrhagic  pjTamids 
and  a  fatty  right  kidney.  The  diaphragm  was  also  streaked  with  hemor- 
rhagic necroses.    The  microscopic  picture  is  demonstrated  in  figure  2. 

Dog  88,  with  a  control  blood  pressure  of  102  to  122  mm.  Hg,  had  the  left 
ureter  ligated  October  8,  1938,  received  dog  KE  6  times  in  varying  dosage 
between  October  29  and  November  17,  and  pig  KE  4  times  between  Decem- 
ber 13,  1938  and  March  2,  1939.  On  March  6,  intravenous  pyelography 
showed  a  large  hydronephrotic  sac  on  the  left.  The  blood  non-protein 
nitrogen  was  24  mg.  per  cent  on  ^larch  9.    The  right  ureter  was  partially 
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damped  on  March  11  and  pig  KE,  12  cc,  was  injected  on  March  14  when 
the  blood  pressure  was  14G  mm.  Hg.  There  was  no  anaphj'laxis.  On 
March  15,  the  blood  non-protein  nitrogen  was  65  mg.  and  on  March  20 
the  dog  was  vomiting  and  weak,  evidently  uremic.  Autopsy  showed  a 
narrow  subcapsular  hemorrhage  over  the  moderately  hydronephrotic  right 
kidnej-  and  a  huge  left  renal  sac;  many  hemorrhages  in  the  left  ventricle 
and  auricle,  fewer  on  the  right  side  but  extending  into  the  root  of  the 
pulmonary  artery;  no  gross  gastro-intestinal  nor  diaphragmatic  lesions. 

Dog  107  had  the  left  ureter  constricted  on  August  28,  1939,  and  the  right 
renal  artery  partially  clamped  on  September  27.  The  blood  non-protein 
nitrogen  was  33  mg.  per  cent  on  October  4.  Pig  KE  was  injected  on 
October  12  when  the  mean  blood  pressure  was  200  mm.  Hg,  also  on  October 
13,  when  the  dog  had  clinical  uremia.    The  blood  non-protein  nitrogen 


Fig.  2.  Dog  71.  Section  through  area  of  subendo(  :mli:d  hemorrhage  and  necrosis 
in  riglit  ventricle,  showing  fibrinoid  arterioles  and  considerable  leucocj'tic  infiltra- 
tion.   X  215. 

was  114  mg.  on  October  14  and  208  mg.  on  October  16,  the  day  of  death. 
Autopsy  showed  innumerable  hemorrhagic  lesions  in  the  gastro-intestinal 
tract,  the  diaphragm,  and  in  all  chambers  of  the  heart;  moderate  left 
hydronephrosis  with  a  few  hemorrhages,  and  a  small  anemic  infarct  in  the 
right  kidnej' .    The  microscopic  changes  are  shown  in  figure  3. 

Dog  120  had  the  right  renal  artery  partially  clamped  on  May  12,  1940. 
On  INIaj'  20,  the  mean  blood  pressure  was  170  mm.  Hg;  the  left  renal  artery 
was  constricted.  Pig  KE  was  injected  for  50  minutes  on  May  28,  raising 
the  blood  pressure  from  164  mm.  to  300  mm.  Hg  temporarily.  The  dog 
died  that  night.  Autopsy  showed  bloody  fluid  in  the  pleural  and  peritoneal 
cavities;  many  hemorrhages  in  the  gastro-intestinal  tract  and  diaphragm, 
some  in  the  heart  and  pancreas  and  a  few  in  the  right  kidney.  The  micro- 
scopic picture  is  illustiated  in  figure  4. 
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Dog  134  liad  tlio  /(//  renal  artery  partially  damped  on  January  (5,  1941 
and  the  right  renal  artery  on  January  16.  The  blood  non-protoiii  nitrogen 
was  198  mg.  per  cent  on  January  22.  The  next  day,  pig  KE,  9  cc.,  was 
injected,  the  control  blood  jjressure  being  158  mm.  llg.  The  dog  had  many 
convulsions  and  died  that  night.  Autopsy  showed  hemorrhagic  necrosis 
of  both  kidneys;  numerous  hemoi  rhages  in  the  lower  ileum,  colon  and  sub- 
endocardially  in  the  left  ventricle;  about  500  cc.  of  bloody  ix'ritoneal 
fluid.    The  microscopic  picture  is  exemplified  in  figure  5. 

Dog  138  had  the  right  renal  artery  partially  clamped  on  January  27,  1941, 
and  the  left  renal  artery  on  February  17.  On  February  20,  tlie  mean  blood 
pressure  was  1(58  mm.  Hg  and  the  blood  non-protein  nitrogen  was  25  mg. 
per  cent.    Pig  KE,  1.3  cc.  was  injected.    The  dog  died  during  the  night. 


Fig.  3.  Dog  107.  Section  through  right  ventricle  showing  niunerous  necrotic  and 
partly  thrombosed  arterioles,  slight  degenerative  changes  in  myocardium  and 
hemorrhage.    X  425. 

Autopsy  showed  numerous  gastro-intestinal  hemorrhages;  normal  kidneys; 
many  subendocardial  and  deeper  hemorrhagic  lesions  in  the  right  ventricle 
and  in  the  papillary  muscles  of  the  left  ventricle;  blood  tinged  fluid  in  the 
bodj'  cavities.  The  microscopic  appearance  was  in  all  respects  similar  to 
those  previously  illustrated. 

Dog  121  had  the  left  renal  artery  constricted  on  June  7,  1940  and  the  right 
renal  artery  on  June  24.  On  July  1,  pig  Kf^  was  injected  for  (iO  minutes, 
the  control  blood  pressure  being  200  mm.  Hg.  On  July  18  and  25,  pig  KE 
was  again  given.  The  dog  was  not  u.sed  again  luitil  January  3,  1941  when 
2300  cc.  of  normal  .saline  was  injected  under  nembutal  ane-sthe.sia.  The 
mean  blood  pressure  was  210  mm.  Hg.    The  dog  was  killed  at  the  end 
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'  Fig.  4.  Dog  120.  Section  through  papillary  muscle  (jf  right  ventricle  showing 
fibrinoid  degeneration  of  arterioles  and  surrounding  connective  tissue,  many  foci  of 
hemorrhage  and  muscle  necrosis.    X  110. 


Fig.  5.  Dog  134.  Section  through  left  ventricle  showing  early  fibrinoid  degenera- 
tion of  arterioles  and  capillaries  and  small  area  of  hemorrhage  and  focal  necrosis. 
X  240. 

of  the  experiment.  Autopsy  showed  a  few  dark  spots  in  the  right  auricle, 
mistaken  for  hemorrhages.  The  left  kidney  was  somewhat  atrophic.  The 
microscopic  nature  of  the  auricular  lesions  is  shown  in  figure  6. 
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COMMENT 

In  addition  to  the  animals  descrilxMl  in  the  preceding  protocols,  there 
were  6  dogs  with  similar  hemorrhagic  lesions,  chiefly  in  the  heart  and 
gastro-intestinal  tract.  In  Dogs  83,  (fig.  7A)  95  and  130,  the  constriction 
of  both  renal  arteries  was  severe  enough  to  produce  necrosis  of  one  or  both 
kidnej'S,  severe  hypertension  and  uremia.  The  possible  role  of  pressor 
kidney  extract,  injected  into  these  animals,  in  the  production  of  hemorrhages 
and  necrosis,  could  not  be  evaluated  in  view  of  the  strong  probability  of 
the  spontaneous  development  of  the  lesions  under  these  experimental 
conditions  (7).  In  Dog  ]  10,  with  a  moderate  left  hydronephrosis,  uremia 
developed  5  days  after  constricting  the  right  renal  artery.  There  were 
numerous  convulsions  on  the  daj'  of  exitus,  but  the  blood  pressure  was  not 


Fig.  6.  Dog  121.  Suction  through  riglit  auru-le  .^lnjw  iji^;  an  a  wi  iIc  jim  fibrosis  and 
calcification,  presumably  a  healed  lesion  resulting  from  hemorrhagic  necrosis. 

taken  in  the  last  few  days.  Presumably,  this  dog  also  died  in  the  malignant 
phase  of  hypertension.  Dog  Ho,  with  bilateral  constriction  of  the  renal 
arteries,  had  severe  hypertension  and  uremia  without  gross  renal  necrosis. 
There  were  numerous  hemorrhages  only  in  the  heart.  Finally,  Dog  119, 
with  both  renal  arteries  constricted,  a  mean  blood  pressure  of  178  mm.  Hg 
and  no  clinical  signs  of  uremia  (the  blood  non-protein  nitrogen  was  not 
estimated)  was  very  weak  after  a  large  injection  of  a  somewhat  impure 
pig  kidney  extract.  The  animal  was  killed  on  the  following  day  and 
showed  some  hemorrhages  in  the  heart  (fig.  7B).  In  this  case,  the  kidney 
extract  seemed  to  be  the  most  probable  factor  in  the  production  of  the 
lesions. 

A  detailed  discussion  of  the  gross  and  histological  changes  is  hardly 
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necessan'  in  view  of  the  excellent  descriptions  alread\'  published  (3,  4,  5, 
7,  9).  Suffice  it  to  emphasize  that  in  the  present  observations  special 
attention  was  directed  to  the  involvement  of  the  heart.  Hemorrhages 
and  necroses  favored  the  subendocardium  and  the  subepicardium  but  often 
affected  the  deeper  muscle  bundles.  The  right  ventricle,  the  auricles  and 
the  papillary  muscles  of  the  left  \'entricle  showed  the  most  widespread 
lesions.  Histologicall.y,  all  degrees  of  change  were  observed  from  small 
areas  of  capillaiy  hemorrhage  without  necrosis  of  arterioles  or  muscle 
fibers  to  complete  hyaline  or  fibrinoid  necrosis  of  capillaries,  arterioles  and 
small  arteries,  rarelj'  of  venules,  degeneration  and  necrosis  of  myofibers, 


Fig.  7A.  Dog  83.  Section  through  left  ventricle  showing  arteriolar  necrosis, 
extensive  hemorrhage  and  muscle  degeneration  and  leucocytic  reaction.    X  175. 

Fig.  7B.  Dog  119.  Section  through  right  ventricle  showing  subendocardial 
hemorrhage,  hyaline  degeneration  of  arterioles  and  muscle  fibers,  and  leucocytic 
infiltration.    X  240. 

extensive  interstitial  hemorrhage,  partial  thrombosis  of  arterioles,  leuco- 
cj^tic  reaction  in  and  about  the  necrotic  areas  of  myocardium  and  as  peri  - 
vascular  exudate.  The  extravasated  blood  was  little  altered  except  for 
some  hemohsis.  Pigment-containing  macrophages  were  not  ob.served. 
Since  none  of  the  dogs  survived  the  presumptive  onset  of  the  lesions  for 
more  than  a  few  days,  the  lack  of  signs  of  organization  of  the  injured  regions 
was  not  surprising.  However,  in  Dog  121  which  was  killed  some  five 
months  after  the  last  injection  of  pig  kidney  extract,  partially  calcified 
fibrous  scars  were  found  in  the  right  auricle  (fig.  6).  Their  appearance 
strongly  suggests  healed  areas  of  necrosis. 

The  pathogenesis  of  the  hemorrhagic  and  necrotic  lesions  is  an  interest- 
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ing  but  difficult  piol)lom.  In  the  present  experiments  it  is  significant 
that  this  type  of  pathology  was  never  observed  in  dogs  with  constricted 
arteries  or  ureters,  or  with  one  or  two  nephrectomies,  which  were  injected 
with  various  preparations  of  dog  pressor  kidney  extract,  at  times  in  large 
doses.  It  is  possible  that  those  animals  which  died,  or  were  killed,  within 
a  few  hours  after  the  injection  of  extract  did  not  have  time  to  develop 
lesions.  However,  this  criticism  could  not  apply  in  general.  The  ab- 
sence of  lesions  in  the  dogs  receiving  dog  kidney  extract  is  particularly 
remarkable  in  view  of  the  widesjiread  changes  produced  in  nephrectomized 
dogs  by  the  injection  of  canine  renal  extracts  (7).  Possibly,  the  presence 
of  functioning  kidneys  may  have  an  important  bearing  on  the  development 
of  hemorrhagic  necrosis. 

On  the  other  hand,  the  injection  of  heterologous  pig  kidney  extract  was 
the  constant  factor  in  the  dogs  with  hemorrhagic  lesions.  This  was  true 
regardless  of  the  state  of  purity  (al)sence  of  depressor  effect)  of  the  extract. 
In  fact,  in  Dogs  79  and  105  which  developed  hematuria  and  died  after 
receiving  a  large  amount  of  a  relatively  impure  pig  kidney  extract  after 
tolerating  many  previous  injections  of  other  extracts  even  when  they  re- 
sulted in  anaphylaxis,  there  were  no  significant  hemorrhagic  lesions.  There 
had  also  been  no  renal  insufficiency  in  either  dog  at  the  time  of  the  final 
experiment. 

When  the  lesions  were  first  ob.served  in  Dogs  90  and  71,  the  suspicion 
of  anaphylactic  pathology  was  aroused  because  these  animals  had  tolerated 
homologous  kidney  extract  very  well.  However,  further  experience  soon 
showed  that  anaphylactic  reactions  were  of  themselves  not  significant  in 
the  production  of  the  .specific  lesions.  Another  striking  fact  was  the 
uniform  absence  of  fatal  reactions,  and  presumably  of  significant  cardiac 
or  gastro-intestinal  hemorrhages,  in  normal  dogs  injected  with  large 
amounts  of  pig  kidney  extract.  This  was  also  true  of  dogs  with  unilateral 
constriction  of  the  renal  artery  or  unilateral  hydronephrosis  and  good  renal 
function.  All  the  evidence,  therefore,  pointed  to  a  neces.sary  combina- 
tion of  serious  or  bilateral  abnormalitj-  of  the  renal  circulation  and  the 
injection  of  a  sufficient  amount  of  a  potent  heterologous  kidney  pressor 
extract.  Under  these  conditions  neither  severe  hy  pertension  nor  uremia 
is  indispensable  for  the  production  of  hemorrhages  and  necroses,  but  their 
joint  presence  strongly  favors  the  de\'elopment  of  the  lesions.  Whether 
the  kidney  extract  acts  through  its  inten.se  vasoconstriction  of  the  arterioles 
during  the  period  of  hypertension  or  whether  it  leads  to  local  hyperemia  and 
hemorrhage  through  a  depressor,  A'asodilator  substance  (7)  cannot  be 
decided.  The  extracts  used  in  these  experiments  were  uniformh'  free  from 
obvious  depressor  activity'  but  may  still  have  contained  enough  of  the 
agent  to  give  rise  to  local  circulatory  disturbances.  The  reason  for  the 
predominance  of  the  hemorrhages  in  the  heart  and  gastro-intestinal  tract 
is  unkno\vn. 

The  relation  of  the  lesions  to  the  pathology  of  the  malignant  phase  of 
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human  hj^pertension  is  a  fascinating  problem.  Disregarding  the  striking 
differences  in  distribution  and  intensity  of  the  lesions  in  the  dog  and  man 
(on  the  assumption  that  species  differences  are  involved)  one  is  tempted 
to  conclude  from  the  available  evidence  that  intravenous  injection  of 
extracts  of  the  kidney,  whether  made  in  vitro  by  simple  or  complicated 
procedures  or  in  vivo  hy  small  amounts  of  blood  perfusing  an  ischemic  or 
necrotic  kidney,  may  furnish  the  coup  de  grace  to  animals  or  men  with. 
renal  hypertensive  disease.  Lesser  degrees  of  injury  might  be  tolerated 
by  the  subject  but  eventualh"  I'esult  in  the  "vicious  circle  of  chronic  Bright's 
disease"  (10) .  Such  a  conclusion  would  associate  experimental  and  human 
renal  hypertension  even  more  closely  than  ever  before  and  attribute  to 
renal  extracts  pathologic  import  apart  from  their  pressor  or  depressor  ac- 
tivity. But  this  is  not  all  that  the  conclusion  implies!  It  also  involves 
the  assumption  that  somehow  a  normal  kidnej',  or  one  not  too  seriously 
impaired  in  its  circulatory  dynamics,  can  prevent  or  neutralize  the  material 
in  kidney  extracts  responsible  for  the  severe  tissue  changes.  Another  pos- 
sibility is  that  the  state  of  uremia  markedlj^  "sensitizes"  the  animal  to 
the  injurious  effects  of  kidney  extracts  on  tissues  and  vessels.  It  should  be 
noted,  however,  that  normal  dogs  react  to  exude  kidnej*  extracts  much  as 
do  nephrectomized  dogs  (8).  Finally,  the  difference  in  response  of  the 
dog  with  abnoiTnal  kidneys  to  homologous  and  heterologous  kidney  ex- 
tracts requires  an  explanation.  The  identical  effect  of  dog  and  pig  kidney 
extracts  injected  into  nephrectomized  dogs  is  no  necessarj^  contradiction 
in  view  of  the  absence  of  kidnej^  function  in  these  experiments. 

SUMMARY  AND  CONCLUSIONS 

The  intravenous  injection  of  adequate  amounts  of  reasonably  purified 
pig  kidney  extract  into  dogs  with  constricted  renal  arteries,  constricted 
arterj^  and  vu"eter,  or  other  types  of  experimental  abnormalities  of  renal 
circulation  or  function,  accelerates  the  development  of  hemorrhagic  necro.sis 
in  the  heart,  gastro-intestinal  tract,  and  elsewhere  in  the  bodj*.  Pre- 
viously described  as  part  of  the  picture  of  experimental  malignant  hyper- 
tension (3,  4,  6,  9)  on  the  one  hand,  and  as  the  result  of  absorption  from 
necrotic  kidney  tissue  or  of  the  intravenous  injection  of  crude  kidney  ex- 
tracts on  the  other  hand  (7,  8),  the  lesions  are  strikinglj'  similar  in  the  vari- 
ous studies  if  allowance  is  made  for  species  differences  as  well  as  for  marked 
variation  in  the  experimental  conditions. 

In  the  present  investigation,  neither  severe  hypertension  nor  uremia 
was  necessary  for  the  development  of  the  lesions,  although  most  of  the 
dogs  with  widespread  pathologj'  were  both  hj^pertensive  and  uremic. 

In  contrast  to  another  report  (8)  the  specific  lesions  were  not  observed 
in  normal  dogs  injected  with  either  dog  or  pig  kidnej'  extract,  nor  in  dogs 
with  abnoiTQal  kidneys  injected  with  dog  kidney  extract.  Undoubtedly, 
differences  in  the  methods  of  preparation  of  renal  extracts  are  very  im- 
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portant.  The  possibility  that  the  normal  kidney  may,  in  some  fashion, 
prevent  the  vascular  and  tissue  injury  produced  by  kidney  extracts  in 
dogs  without  kidneys  or  with  abnormal  renal  circulation,  deserves  further 
investigation. 

Anaphylactic  reactions  to  heterologous  kidney  extracts  are  not  respon- 
sible for  the  occurrence  of  the  lesions. 

Satisfactory  conditions  for  the  regular  localization  of  tj^pical  lesions 
in  the  kidney  of  the  dog  have  not  yet  been  devised.  Until  this  has  been 
accomplished,  it  may  be  unwarranted  to  conclude  that  the  experimental 
pathology  is  a  true  analogue  of  the  pathology  of  malignant  hj'pertensive 
di  ^e  in  man.  However,  the  accumulation  of  evidence  in  favor  of  this 
c       ision  is  impressive. 
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THE  ASSOCIATION  OF  ANGINA  PECTORIS  OR  CORONARY 
THROMBOSIS  WITH  MITRAL  STENOSIS 


SAMUEL  A.  LEVINE,  M.D.,  and  A.  J.  KAUVAR,  M.D. 

[From  the  Medical  Clinic  of  the  Peter  Bent  Brigham  Hospital  and  the 
Department  of  Medicine,  Harvard  Medical  School,  Boston] 

It  is  well  known  that  aortic  valvular  disease  is  not  infrequently  asso- 
ciated with  angina  pectoris.  It  has  also  been  believed  that  a  causal  rela- 
tionship existed  between  this  valvular  lesion  and  the  anginal  state.  In 
aortic  insufficiency,  it  has  been  thought  that  the  low  diastolic  pressure  is 
mainly  responsible  for  the  attacks  of  angina  because  the  early  teachings 
indicated  that  coronary  flow  occurred  exclusively  during  diastole,  and  that 
with  the  low  diastolic  pr&ssure  there  was  insufficient  coronary  circulation. 
This  explanation  is  not  altogether  satisfactory  for  several  reasons.  In  the 
first  place,  angina  pectoris  is  extremely  rare  in  cases  of  syphilitic  aortic 
insufficiency  unless  the  coronary  orifices  are  narrowed  by  the  syphilitic 
aortitis.  Furthermore,  angina  pectoris  is  quite  common  in  aortic  stenosis, 
rheumatic  or  sclerotic,  whether  there  is  an  accompanjdng  aoilic  insuffi- 
ciency or  not.  In  a  previous  study  (1)  the  incidence  was  found  to  be  about 
22  per  cent.  In  fact  these  two  conditions  may  coexist  without  any  sig- 
nificant coronary  artery  disease.  The  relationship,  therefore,  between 
aortic  valvular  disease  and  the  anginal  state  is  not  simple  and  must  depend 
on  various  factors. 

Mitral  stenosis  on  the  other  hand  is  infrequently  associated  with  the 
anginal  state.  In  an  earlier  study  (2)  it  was  estimated  that  about  1  per 
cent  of  cases  with  angina  will  be  found  to  have  mitral  stenosis.  A  more 
extensive  analysis  now  shows  that  amongst  2,832  ca.ses  of  definite  angina 
pectoris  or  coronary  thrombosis  seen  in  private  consultation  practice  in 
twenty-one  j^ears,  there  were  only  17  with  mitral  stenosis,  i.e.  0.6  per  cent. 
The  purpose  of  this  review  is  to  reconsider  this  relationship  and  to  ascer- 
tain whether  there  are  any  clinical  peculiarities  in  this  group  of  patients 
and  whether  the  valvular  deformity  has  any  bearing  on  the  anginal  state. 

The  material  used  in  this  paper  was  obtained  from  a  study  of  the  clinical 
and  pathological  data  in  the  records  of  the  Peter  Bent  Brigham  Hospital 
from  the  year  1913  to  1940  inclusive,  togethei'  with  the  cases  seen  by  one 
of  us  in  private  consultation  practice  (Table  1).  Only  those  cases  were 
included  which  could  be  regarded  as  having  definite  coronary  occlusion 
or  classical  angina  pectoris  in  addition  to  undoubted  mitral  stenosis.  All 
borderline  cases  were  eliminated,  as  were  those  having  aortic  valvular 
involvement  in  addition  to  mitral  stenosis.    All  cases  with  syphilis  or 
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TABLE  1 


SEX 

AGE* 

ONSET 

DURATION 

B.P. 

RHYTHM 

WT.  OF 

OCCURRENCE  OF 

OF  .\.P. 

OF  A.P. 

HEART 

COR.  OCCLUSION 

Necropsy  cases 

1 

F 

55 

53 

2 

140/90 

A.F. 

560 

2 

M 

63 

57 

6 

168/85 

A.F. 

460 

3 

F 

66 

64 

2 

170/90 

A.F. 

500 

4 

F 

65 

62 

3 

142/70 

A.F. 

390 

5 

M 

50 

49 

1 

180/110 

A.F. 

560 

Cor.  occ. 

6 

M 

52 

50  . 

2 

150/96 

Sinus 

900 

7 

ou 

J.0 
•tv 

1 
1 

/  JO 

-A .r  . 

dsn 

8 

F 

67 

52 

15 

250/100 

A.F. 

540 

!) 

F 

69 

? 
■ 

? 

120/80 

Sinus 

420 

Cor.  occ. 

10 

F 

57 

47 

10 

210/100 

A.F. 

520 

11 

F 

69 

68 

1 

210/110 

A.F. 

560 

Cor.  occ. 

1  9 

\l 

63 

fi9 

1 

1 

105/70 

Sinus 

v>>or.  occ. 

lo 

■T 

DO 

Do 

1 

120/80 

Sinus 

AT 

OO 

1 

L 

140/70 

A.F. 

t  ^\) 

10 

\f 

DO 

re 
OD 

1  n 

lU 

142/94 

Sinus 

1  fi 
10 

OU 

J.Q 

1 
1 

190/110 

A.F. 

ouu 

Cor.  occ. 

Average 

F 

61.4 

56.5 

4.0 

175/93 

8  A.F. 

512 

58.0 

54.5 

3.5 

146/88 

3  A.F. 

592 

cases — private 

1 

F 

43 

38 

5 

150/78 

Sinus 

2 

F 

54 

53 

1 

144/90 

Sinus 

3 

M 

51 

42 

9 

180/90 

A.F. 

Cor.  occ. 

4 

F 

53 

38 

15 

134/85 

Sinus 

Cor.  occ. 

5 

F 

53 

52 

It 

190/120 

A.F. 

6 

F 

82 

81 

1 

125/78 

Sinus 

7 

M 

69 

63 

6t 

138/100 

A.F. 

O 

IT 
r 

OD 

9 

130/80 

Sinus 

i) 

F 

50 

49 

1 

156/88 

Sinus 

10 

F 

54 

50 

4t 

195/110 

Sinus 

Cor.  occ. 

11 

F 

58 

50 

8t 

180/90 

Sinus 

Cor.  occ. 

12 

M 

48 

45 

3 

128/78 

Sinus 

13 

M 

52 

50 

2 

148/88 

Sinus 

14 

F 

49 

40 

9t 

130/100 

Sinus 

15 

F 

34 

29 

5 

124/86 

Sinus 

16 

F 

31 

21 

10 

118/80 

A.F. 

17 

F 

56 

50 

6 

136/80 

Sinus 

Average 

F 

51.8 

46.6 

5.2 

147/89 

2  A.F. 

M 

55.0 

50.0 

5.0 

148/89 

2  A.F. 

*  Age  is  at  death  or  when  last  observed  clinicallj'. 
t  Indicates  known  fatalities. 
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TABLE  I— Concluded 


3EX 

AGE* 

ONSET 

DCRATIOX 

BP. 

BHYTHM            Zl  Z 

OCCCBBESCE  OF 

OF  A. P. 

OF  A. P. 

HEART 

COB.  OCCLCSIOX 

Clinical  cases— 

-Outdoor  department 

1 

F 

65 

63 

2 

180/100 

Sinus 

2 

M 

65 

60 

5 

170/80 

A.F. 

3 

F 

41 

40 

1 

130/78 

Sinus 

4 

F 

44 

43 

1 

140/72 

Sinus 

5 

M 

60 

58 

2 

180/110 

A.F. 

Average 

F 

50.0 

48.7 

1.3 

150/83 

0  A.F. 

M 

62.5 

59.0 

3.5 

175/95 

2  A.F. 

Total 

26 

F 

55.3 

50.4 

4.3  yr. 

158/90 

10  A.F. 

10  cor.  OCC. 

12 

M 

57.7 

53.7 

4.0  yr. 

152/89 

7  A.F. 

marked  anemia  were  excluded  (except  1  case)  in  order  to  eliminate  any 
complicating  factors  that  might  be  responsible  for  the  anginal  state. 

There  were  314  cases  of  mitral  stenosis  examined  post  mortem  at  the 
Peter  Bent  Brigham  Hospital  between  1913  and  1940  which  had  no  other 
significant  valvular  disease.  Of  these,  16  or  5  per  cent  had  definite  coro- 
nary arterA-  disease,  15  having  angina  pectoris  and  1  sho\\ing  a  mj'ocardial 
infarct  on  post-mortem  examination  without  a  cUnical  history  of  angina 
during  life.  This  is  a  higher  incidence  of  a  combination  of  coronan,' 
artery  disease  and  mitral  stenosis  than  is  seen  in  ordinary-  practice,  for  in  a 
series  of  741  definite  cases  of  mitral  stenosis  obser^-ed  in  private  practice 
17  or  2.2  per  cent  had  angina  pectoris  in  conjimction  with  mitral  .stenosis. 
To  these  33  cases  were  added  5  instances  of  combined  mitral  stenosis  and 
angina  pectoris  followed  in  the  outdoor  department  of  the  Peter  Bent 
Brigham  Hospital.  These  38  cases  of  mitral  stenosis  and  angina  pectoris 
were  used  as  the  basis  for  this  review.  For  the  most  part,  average  figures 
will  be  discussed  of  the  entire  group  of  38  cases.  However,  where  there 
are  significant  differences  in  the  obser\-ations  of  the  hospital  cases  that 
were  examined  po.st  mortem  and  those  seen  in  private  practice,  separate 
comments  will  be  made. 

RHEI'.MATIC  HISTORY 

Of  the  38  cases,  17  (44.7  per  cent)  gave  a  definite  history'  of  pre^•ious 
rheumatic  fever  or  chorea.  This  is  similar  to  what  has  been  fotmd  in  large 
series  of  cases  of  mitral  stenosis  in  which  a  history-  of  early  rheumatic 
infection  can  only  be  obtained  in  sUghtly  more  than  50  per  cent  of  the  cases. 

AGE  .\XD  SEX 

The  age  distribution  in  the  16  cases  studied  post  mortem  ranged  from  50 
years  to  69  years,  with  an  average  of  60  3-ears.    In  the  cUnical  group,  the 
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ages  wlien  last  seen  \  aiiecl  between  31  and  82  with  an  average  of  53.1  years. 
There  were  2()  females  and  12  males,  a  ratio  of  more  than  2  to  1.  This 
proportion  is  quite  remarkable  when  it  is  considered  that,  angina  pectoris 
in  the  general  population  occurs  much  more  commonly  in  males  (3  to  1). 
The  combination  of  mitral  stenosis  and  angina  pectoris  is  the  only  appre- 
ciable group  of  patients  with  angina  in  which  females  predominate. 

OCCURRENCE  OF  ANGINA  PECTORIS 

In  the  cases  studied  at  autopsy,  the  age  at  which  angina  pectoris  or 
coronary  occlusion  first  occurred  varied  between  47  years  and  68  years,  the 
a\-erage  being  57  years  in  the  female  and  55  years  in  the  male  group.  The 
duration  of  angina  varied  between  1  and  15  years,  the  average  being  4 
years  in  the  female  and  3.5  j^ears  in  the  male.  In  the  11  cases  in  which 
cardiac  failure  occurred,  it  began  at  an  average  age  of  54  years.  In  5  of 
these  11  cases,  angina  first  appeared  after  the  initial  symptom  of  dyspnea; 
in  2,  angina  was  evident  before  the  onset  of  dj'spnea;  and  in  4  cardiac  fail- 
ure and  angina  made  their  appearance  at  the  same  time. 

Of  the  16  cases  observed  post  mortem,  5  had  coronary  occlusion.  Two 
of  the  5  had  a  previous  history  of  angina,  2  did  not,  and  1  case  was  not  diag- 
nosed as  having  coronaiy  occlusion  during  life  although  this  was  found  at 
necrop.sy.  It  is  not  known  how  many  of  the  cases  of  angina  would  have 
•shown  occlusion  of  the  coronary  arteries  if  the  technique  of  Schlesinger 
(3)  had  been  used. 

In  the  clinical  cases,  the  age  at  which  angina  first  began  ^•aried  between 
21  and  81  years,  the  average  being  48.3  years,  with  females  about  three 
years  younger  than  males.  The  duration  of  angina  varied  between  1  and 
15  years,  the  average  being  about  5  j-ears  in  both  sexes.  Two  of  the  cases 
had  coronary  occlusion  with  angina  thereafter,  while  3  had  a  coronary 
occlusion  following  the  angina.  Of  the  22  clinical  cases,  5  patients  sub- 
sequently died,  the  average  age  at  death  being  57  years,  i.e.  8  years  on  the 
average  after  the  onset  of  the  angina.  In  general  it  appears  that  angina 
pectoi'is  and  coronary  occlusion  occur  in  the  same  manner  in  this  group 
of  patients  with  mitral  stenosis  as  in  those  Avithout  valvular  disease.  The 
anginal  state  may  precede  or  be  initiated  by  coronary  thrombosis.  It  is 
of  some  interest  that  in  a  significant  number  of  instances,  angina  first 
developed  after  the  onset  of  congestive  failure. 

BLOOD  PRESSURE  CONSIDERATIONS 

The  average  blood  pressure  in  the  16  cases  studied  at  autopsy  was  164 
systolic  and  91  diastolic.  The  range  varied  from  a  highest  systolic  reading 
of  250  and  highest  diastoHc  of  110  to  a  lowest  sA-stolic  of  105  (following  a 
coronary  thrombosis)  and  a  lowest  diastolic  of  70.  Only  4  of  the  16  had  a 
systolic  pressure  over  200  while  5  had  diastolic  pressures  over  100.  The 
average  pressure  for  the  10  females  was  175  .systolic  and  93  diastolic,  and 
the  readings  for  the  6  males  were  146  .systolic  and  89  diastolic.  The 
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average  reading  in  the  17  private  clinical  patients  was  147  systolic  and 
89  diastolic.  The  higher  levels  in  the  series  studied  at  autopsy  might  be 
explained  by  the  fact  that  the  average  age  in  this  group  was  seven  years 
older  than  in  the  clinical  group.  The  average  blood  pre.ssure  of  the  12 
females  was  147  sj^stoHc  and  89  diastolic  and  for  the  6  males  was  148 
systolic  and  89  diastolic.  The  tendency  for  the  females  to  have  a  higher 
blood  pressure  is  in  accord  with  findings  obtained  in  a  study  of  ordinary 
angina  pectoris  cases  (4)  although  the  difference  is  not  so  great. 

PHYSICAL  FINDINGS  AND  C.^L'SE  OF  DEATH 

All  of  the  38  cases  had  an  apical  diastoUc  murmur  and  28  had  an  apical 
systolic  murmur  as  well.  Seventeen  of  the  38  (45.0  per  cent)  had  per- 
manent auricular  fibrillation,  confirmed  by  electrocardiograms  in  twelve 
instances.  One  showed  left  bundle  branch  block  in  the  electrocardiogram. 
Of  the  16  studied  post  mortem,  the  cause  of  death  proved  to  be  congestive 
failure  in  6  instances,  3  died  of  cerebral  hemorrhage,  2  of  cerebral  throm- 
bosis, 2  of  infarct  of  the  lung  and  2  as  a  direct  result  of  coronarj'  occlusion. 
One  patient  died  as  a  result  of  bronchopneumonia. 

NECROPSY  FINDINGS 

Sixteen  of  these  cases  were  examined  post  mortem.  The  weight  of  the 
heart  varied  from  390  grams  to  900  grams,  with  an  average  of  542  grams. 
The  average  weight  of  the  heart  in  the  10  females  was  512  grams  and  in  the 
6  males  it  was  592  grams.  The  mitral  valve  showed  definite  stenosis  in 
every  instance.  Four  had  the  characteristic  "fishmouth"  deformity,  while 
3  others  were  classified  as  "quite  marked."  Special  interest  was  taken  in 
the  description  of  the  gross  and  microscopic  examination  of  the  coronary 
arteries.  In  3  no  significant  arteriosclerosis  was  observed.  Three  had 
sUght,  4  had  moderate,  and  5  had  marked  coronaiy  sclerosis.  In  1  no 
dissection  of  the  coronary  arteries  was  possible  because  of  the  fused  layers 
of  the  pericardium.  In  3  of  the  16  cases,  there  were  mural  thrombi  in  the 
right  auricle,  1  having  thrombi  in  the  left  auricle  and  right  ventricle  as  well. 
The  follo\^'ing  are  brief  abstracts  of  the  three  ca.ses  of  angina  and  mitral 
stenosis  showing  no  significant  coronary  artery  sclerosis. 

CASE  REPORTS 

Case  1.  History.  A  55  year  old  woman  entered  the  Peter  Bent  Brigham  Hospital 
for  the  first  time  in  1917.  For  the  previous  12  to  14  years  she  had  moderate  dyspnea 
on  exertion  and  some  palpitation.  These  symptoms  were  accentuated  after  a  severe 
cold  seven  months  before  entrj-.  Following  this,  she  continued  to  be  in  moderate 
failure  until  she  finally  required  hospital  care.  Her  past  history  revealed  that  she 
had  chorea  as  well  as  frequent  sore  throats  in  childhood. 

Examination.  The  heart  was  enlarged  to  the  left  and  right.  A  systolic  and  apical 
diastolic  murmur  was  heard,  the  rhythm  was  grossly  irregular.  There  were  rales 
at  both  bases,  but  no  peripheral  edema.    The  blood  pressure  was  160  systolic  and 
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94  diastolic.  On  adequate  cardiac  therapy  the  patient  improved  and  was  discharged 
after  27  days. 

Course.  She  was  again  in  the  hospital  for  three  weeks  in  June,  1920  for  trouble- 
some dyspnea.  The  electrocardiogram  showed  right  axis  deviation  and  auricular 
fibrillation.  It  was  otherwise  normal.  The  only  change  was  enlargement  of  the 
liver. 

The  patient's  next  admission  was  in  February,  1921.  She  had  the  same  symptoms 
as  before  except  that  now  she  complained  of  definite  substernal  pain  radiating  to  the 
left  shoulder,  coming  on  after  exertion  and  relieved  by  rest.  The  character  of  the 
pain  was  ([uite  typical  of  angina.  She  was  in  moderate  failure,  but  responded  well 
to  cardiac  therapy  and  was  discharged  home  only  to  return  five  months  later  because 
of  marked  dyspnea,  swelling  of  the  abdomen  and  cough.  The  substernal  pain  was 
present,  but  not  as  severe  as  before,  inasmuch  as  she  had  not  been  able  to  e.xert 
herself.  .\t  this  time  her  blood  pressure  was  140  systolic  and  90  diastolic.  The  heart 
action  was  grossly  irregular  and  the  first  heart  sound  was  replaced  by  a  harsh,  loud, 
long  systolic  murmur.  There  was  no  definite  diastolic  murmur  heard  at  this  time. 
There  were  many  moist  rales  at  both  lung  bases.  The  patient  failed  to  respond  to 
therapy  and  died  two  months  later. 

Xecropsy  findings.  The  mitral  valve  was  quite  rigid,  stenosed  and  calcified.  Xo 
other  valves  were  involved.  Both  right  and  left  ventricle*  were  hypertrophied.  The 
heart  weighed  560  grams.  There  was  a  mural  thrombus  in  the  right  auricle.  Grossly 
and  microscopically  the  coronary  arteries  showed  no  significant  arteriosclerosis. 

Case  7.  History.  A  50  year  old  woman  was  admitted  to  the  hospital  in  March 
1936.  She  stated  that  she  had  been  well  until  two  years  before  entrj'  when  she  noticed 
slight  dyspnea  on  exertion.  This  was  not  severe,  however,  and  not  until  one  and  a 
half  months  before  entry  did  her  symptoms  demand  medical  attention.  At  this  time 
her  local  physician  administered  digitalis  which  gave  her  some  relief.  However,  the 
week  before  admission,  she  became  dyspneic  at  rest,  orthopneic,  had  peripheral 
edema,  nausea  and  vomiting. 

The  family  history  was  non-contributory,  and  the  past  history  revealed  that  the 
patient  had  migrating  joint  pains  at  the  age  of  24. 

Examination.  The  patient  was  a  cyanotic,  orthopneic  woman  with  pulsating  neck 
veins,  enlargement  of  the  heart  to  the  right  and  left,  grossly  irregular  heart  rhythm, 
apical  systolic  and  diastolic  murmurs,  rales  throughout  both  lungs  and  peripheral 
edema.  The  blood  pressure  was  200  systolic  and  95  diastolic.  Positive  blood  Was- 
sermann  and  Hinton  tests  were  found.  An  electrocardiogram  showed  auricular 
fibrillation  but  was  otherwise  normal.  She  improved  on  cardiac  therapj'  and  left 
the  hospital  28  days  after  admission. 

Course.  She  returned  to  the  hospital  in  November  1938.  .\t  that  time  she  com- 
plained of  severe  chest  pain  radiating  to  the  left  arm,  coming  on  after  exertion  and 
relieved  by  rest.  The  pain  was  typical  of  angina  pectoris,  occurring  two  to  three 
times  a  month.  In  addition,  during  the  month  prior  to  entry  she  had  suffered  marked 
increase  in  dj'spnea  and  peripheral  edema.  The  physical  findings  were  unchanged. 
She  failed  to  respond  to  adequate  cardiac  therapy  and  on  the  twenty-ninth  hospital 
day,  developed  signs  and  symptoms  of  pneumonia  of  the  upper  lobe  of  the  right  lung 
and  died  a  day  later. 

Xecropsy  findings:  Lobar  pneumonia  and  a  stenosed  mitral  valve  that  barelj' 
admitted  the  tip  of  one  finger  were  disclosed.  The  aortic  valve  was  not  involved. 
The  heart  weighed  480  grams  and  the  myocardium  was  slightlj-  thicker  than  normal 
in  all  chambers.  The  coronary  arteries  were  patent  and  there  was  no  significant 
coronary  sclerosis,  grossly  or  microscopically.  There  was  no  evidence  of  syphilis 
in  the  heart  or  aorta. 
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Case  10.  History.  A  57  year  old  woman  v\  as  first  seen  in  the  Peter  Bent  Brigham 
Hospital  on  February  6,  1933.  For  the  prevnous  eight  j-ears,  she  had  had  dyspnea 
and  attacks  of  substernal  pain  radiating  to  the  left  arm  after  moderate  exertion  and 
relieved  bj-  rest.  The  tj'pe  of  pain  was  characteristic  of  angina  pectoris.  Five  j^ears 
before  admission  she  first  noticed  that  her  ankles  became  swollen.  Following  this, 
the  patient  complained  that  the  dyspnea  and  palpitation  had  become  more  marked, 
peripheral  edema  more  prominent  and  attacks  of  substernal  pain  more  frequent,  so 
that  she  finally  was  forced  to  seek  medical  advice. 

The  family  historj'  revealed  that  the  patient's  father  died  at  the  age  of  45  from 
"heart  disease".  There  was  no  history  of  rheumatic  fever,  but  the  patient  had 
frequent  attacks  of  tonsillitis  as  a  child. 

Examination.  At  the  time  of  admission  the  blood  pressure  was  170  systolic  and 
100  diastolic.  The  heart  action  was  grossly  irregular,  the  first  sound  was  slightly 
accentuated  and  there  was  a  short,  faint,  whistling  systolic  murmur  and  a  definite 
mid-diastolic  rumble  at  the  apex.  There  were  a  few  moist  rales  at  both  lung  bases, 
a  large  tender  liver  and  moderate  peripheral  edema.  An  electrocardiogram,  revealed 
auricular  fibrillation,  but  it  was  otherwise  normal. 

The  patient  improved  on  bed  rest,  phlebotomy  and  digitalis  therapj'  and  was 
discharged  22  days  after  admission.  She  was  readmitted  to  the  hospital  nine  months 
later  with  essentially  the  same  complaints  except  that  the  anginal  pain  was  much 
more  severe  and  frequent.  Physical  examination  at  that  time  was  unchanged  except 
that  the  blood  pressure  was  210  systolic  and  110  diastolic  and  there  was  definite 
evidence  of  fluid  in  both  pleural  cavities.  The  patient  again  improved  somewhat  on 
cardiac  therapy,  but  21  days  after  admission  she  had  signs  of  a  cerebral  thrombosis 
in  the  right  hemisphere,  developed  acute  pulmonary  edema  and  died  12  hours  after 
the  onset  of  these  symptoms. 

Xecropsy  findings.  In  addition  to  the  cerebral  thrombus  and  the  pulmonary 
edema,  the  heart  weighed  520  grams.  The  mitral  valve  was  "fishmouth"  in  tj'pe. 
Xo  other  valves  were  involved.  Grossly,  the  coronary  arteries  were  not  occluded 
or  significantly  narrowed.  Microscopicallj'  there  was  only  a  moderate  degree  of 
intimal  proliferation  and  some  adventitial  proliferation  at  various  points.  Xo 
thrombi  were  found. 

DISCUSSION 

In  the  studj'  of  any  large  group  of  adults,  it  is  evident  that  a  .significant 
number  of  ca^ses  of  coronary  artery  disease  •v\"ill  be  found.  If  a  thousand 
patients  with  chronic  arthritis  or  peptic  ulcer  were  to  be  reviewed,  it  would 
not  be  surprising  if  an  appreciable  proportion  would  be  found  to  have  an- 
gina pectoris.  Similar  findings  must  result  if  a  review  of  patients  suffering 
with  mitral  stenosis  were  made.  The  question  that  arises,  however,  is 
whether  angina  pectoris  is  unduly  frequent  in  cases  of  mitral  steno.sis  and 
if  so  what  ma}'  be  the  factors  that  account  for  this  increased  frequency. 
Is  there  something  peculiar  about  the  lesion  of  mitral  stenosis  that  will 
produce  the  anginal  .'^tate?  If  the  frequency  of  these  two  conditions  is 
more  than  coincidental,  the  following  three  findings  should  be  present. 
One  would  expect  to  find  a  larger  incidence  of  angina  in  ca.ses  of  mitral 
stenosis  especially  during  the  early  decades  than  in  the  average  population. 
The  average  age  at  death  of  such  cases  should  be  lower  than  that  of  cases 
of  angina  in  general.  Finally  a  larger  number  of  cases  of  mitral  stenosis 
and  angina  should  have  no  significant  coronary  artery  disease. 
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Concerning  the  first  point,  we  know  of  no  statistics  indicating  tho  occui  - 
rence  of  angina  pectoris  and  coronary  arterj'  disease  in  the  general  popula- 
tion at  various  ages.  For  that  reason,  it  is  difficult  to  estimate  what  the 
occurrence  of  angina  in  the  various  decades  amongst  patients  with  mitral 
stenosis  would  be.  As  to  the  second  supposition  mentioned  above,  there 
are  some  data  available.  The  average  age  at  death  of  100  consecutive 
cases  of  classical  angina  pectoris  was  found  to  be  60.7  years  for  men  and 
62.7  years  for  women  (4).  It  is  significant  that  in  the  21  fatal  cases  in  this 
study  including  16  examined  post  mortem,  the  average  ages  at  death  were 
59.6  years  for  the  men  and  59.1  j^ears  for  the  women.  Concerning  the 
occurrence  of  angina  in  the  younger  decades  with  and  without  mitral 
stenosis,  it  is  also  difficult  to  make  comparisons.  The  published  incidence 
of  cases  of  angina  under  40  years  varies  a  great  deal.  White  (5)  found  that 
2.3  per  cent  had  their  first  attack  of  angina  under  the  age  of  40.  In  a 
similai-  analysis,  Herrick  quoted  hy  White  (5)  found  8  per  cent  of  200  cases 
were  under  40  years.  In  a  more  extensive  review  (6)  of  3376  patients  with 
coronary  arterj'  disease,  1.5  per  cent  developed  first  symptoms  before  the 
age  of  40.  In  contrast,  amongst  the  38  cases  of  mitral  stenosis  here 
analyzed,  three  cases  had  definite  angina  before  the  age  of  40.  This  series 
is  much  too  small  to  be  conclusive,  but  it  suggests  that  angina  is  unduly 
frequent  in  the  early  decades  when  patients  also  have  mitral  stenosis  and 
that  patients  with  both  angina  and  mitral  stenosis  (especially  women)  die 
at  a  shghtly  younger  age  (59.1  years)  than  when  angina  alone  is  present 
(62.7  years).  Inasmuch  as  mitral  stenosis  per  se  is  a  major  cause  of  early 
death,  this  discrepancy  is  not  surprising.  It  does  not,  however,  prove  that 
the  mitral  stenosis  was  in  any  way  the  cause  of  the  angina  which  was  pres- 
ent. If  the  patients  with  the  two  conditions  had  lived  as  long  or  longer 
than  those  having  simple  angina,  it  would  have  served  as  convincing  evi- 
dence that  there  is  no  causal  relationship  between  mitral  stenosis  and 
angina. 

In  investigating  the  occurrence  of  angina  without  significant  coronarj^ 
artery  disease,  3  cases  were  found  amongst  the  16  examined  post  mortem. 
There  were  three  additional  cases  still  living  who  first  had  angina  at  the 
ages  of  21,  29,  and  38  respectively.  The  early  ages  at  which  angina  de- 
veloped in  these  latter  three  cases  make  it  likely  that  significant  coronary 
artery  disease  was  absent.  There  is,  therefore,  a  total  of  6  cases  out  of  38 
with  essentially  normal  coronary  arteries  which  is  a  much  greater  incidence 
than  is  found  in  ordinary  cases  of  angina  pectoris.  Other  authors  have 
reported  similar  experiences.  Kouretas  in  1924  quoted  hy  Blackford  (7) 
reported  three  instances  of  angina  with  mitral  stenosis  in  which  post- 
mortem examination  showed  no  coronarj'  artery  disease.  Five  additional 
cases  have  more  recently  been  reported  (7,  8,  9,  10)  ranging  in  age  from  17 
to  36  years.  The  very  recent  introduction  of  the  Schlesinger  technique  of 
studying  the  coronary  arteries  throws  some  doubt  on  the  negative  findings 
previously  reported,  because  with  this  new  method  small  but  significant 
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areas  of  occlusion  can  be  detected  that  would  otherwise  be  entirely  over- 
looked. But  even  with  this  method,  Blumgart  and  Schlesinger  (11)  found 
one  instance  of  mitral  stenosis  in  which  they  believe  that  the  angina  which 
was  present  was  not  the  result  of  minor  changes  in  the  coronary  arteries 
which  were  found.  Although  the  question  remains  somewhat  incon- 
clusive, the  data  presented  above  strongl_y  suggest  that  the  association  of 
angina  and  mitral  stenosis  is  more  than  coincidental. 

It  is  not  our  purpose  to  review  the  intricate  problem  of  the  mechanism 
of  anginal  pain.  The  pi'evailing  opinion  is  that  in  one  wa\'  or  another, 
anginal  pain  is  due  to  relatiA^e  myocardial  anoxemia,  i.e.  a  question  of 
demand  and  supply  to  the  heart  muscle.  When  major  changes  were  pres- 
ent in  the  coronary  arteries  in  this  group  of  cases  of  mitral  stenosis,  no 
other  factor  was  necessary  as  an  e.xplanation  of  the  anginal  state.  When 
such  changes  were  not  present,  however,  one  might  ask  whether  there  was 
anything  peculiar  about  mitral  stenosis  itself  or  its  secondary  effects,  like 
diminished  cardiac  output,  dilatation  of  the  auricles  etc.,  that  would  be 
conducive  to  the  production  of  anginal  pain.  It  has  been  suggested  (8) 
that  the  pain  is  due  to  compression  of  the  left  coronary  artery  between  the 
left  auricle  and  pulmonary  artery  or  to  the  compression  of  the  aorta  and 
the  aortic  plexus  by  a  dilated  left  auricle.  Hochrein  (10)  found  a  narrow- 
ing of  the  mouth  of  the  left  coronary  artery  which  was  pulled  do^raward 
by  the  deformed  anterior  cusp  of  the  mitral  valve,  which  in  turn  was  held 
down  by  a  shortened  chorda  tendinae  in  a  case  of  mitral  stenosis.  He 
offered  this  as  an  explanation  for  the  angina  which  was  present.  Further 
careful  anatomical  studj^  along  similar  lines  is  much  needed.  Another 
explanation  that  has  attracted  attention  is  that  the  angina  is  due  to  a 
rheumatic  involvement  of  the  coronary  arteries.  Karsner  and  Bay  less 
(12)  went  so  far  as  to  say  that  rheumatic  fever  regularly  produced  dLsea.'e 
of  the  coronary  arteries  but  that,  except  for  the  presence  of  Aschoff  nodules, 
these  lesions  were  not  specific  for  rheumatic  fever  and  might  be  produced 
by  other  infectious  diseases.  We  do  not  subscribe  to  this  view  as  an  ex- 
planation of  the  occurrence  of  angina  because  if  it  were  so,  angina  would  be 
a  prominent  featui'e  in  patients  who  have  or  have  had  rheumatic  fever 
and  do  not  have  concomitant  mitral  or  aortic  valvular  disease,  which  is 
not  the  case. 

In  .summarizing  our  experiences  with  this  problem,  it  would  seem  that 
angina  occurs  more  frequently  in  cases  of  mitral  stenosis  and  at  a  younger 
age  than  in  the  geneial  population,  and  when  it  does  so  is  more  often  un- 
associated  with  significant  coronary  artery  disease  than  in  the  ordinary 
case  of  angina  without  valvular  disease.  The  explanation  of  the  anginal 
pain  in  those  cases  of  mitral  stenosis  that  .show  no  significant  coronary  ar- 
tery disease  is  still  in  doubt,  although  in  some  way  it  probably  depends  on 
a  disproportion  between  coronary  blood  flow  and  the  work  of  the  heart. 
In  most  cases,  however,  the  pathological  changes  in  the  coronary  arteries 
are  sufficient  to  account  for  the  occurrence  of  angina  pectoris. 
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SUMMARY  AND  CONCLUSIONS 

1)  A  study  was  made  of  38  cases  having  both  mitral  stenosis  and  angina 
pectoris,  16  of  which  were  examined  post  mortem. 

2)  It  was  found  that  17  of  2832  cases  of  coronary  artery  disease  seen 
in  private  practice  had  mitral  stenosis  i.e.  0.6  per  cent. 

3)  These  17  cases  of  mitral  stenosis  with  angina  oi-  coronary  thrombosis 
were  obser\'ed  amongst  741  consecutive  cases  of  mitral  stenosis,  i.e.  2.6 
per  cent. 

4)  The  incidence  of  significant  coronary  artery  disease  amongst  314 
cases  of  mitral  stenosis  examined  post  mortem  was  5  per  cent. 

5)  The  average  age  for  the  on.set  of  angina  was  50.4  years  for  women  and 
53.7  years  for  men,  the  duration  of  angina  being  about  4  years  in  both 
sexes. 

6)  Whereas  in  ordinary  cases  of  angina  men  predominate  about  3  to  1 
and  die  at  a  younger  age,  in  these  cases  of  angina  and  mitral  stenosis 
women  predominate  2  to  1  and  die  at  a  younger  age. 

7)  Amongst  the  16  cases  examined  post  mortem,  the  a\-erage  blood  pres- 
sure of  the  women  was  175  s>-stolic  and  93  diastolic,  and  for  the  men  146 
.'systolic  and  88  diastolic.  The  blood  pressure  for  the  other  cases  was  some- 
what lower. 

8)  Seventeen  cases  had  permanent  auricular  fibrillation.  In  5  of  the  11 
that  had  congestive  failure,  angina  developed  after  tlie  initial  symptom  of 
dyspnea. 

9)  Three  of  the  16  cases  examined  post  mortem  showed  no  significant 
pathological  changes  in  the  coronary  arteries. 

10)  The  finding  of  normal  coronary  arteries  in  these  3  cases  and  in  9 
similar  cases  reported  by  other  observers  indicates  that  in  mitral  stenosis 
factors  other  than  coronary  sclerosis  may  be  responsible  for  the  occiurence 
of  angina  pectoris. 

•11)  In  the  great  majority  of  instances,  however,  when  mitral  stenosis 
and  angina  coexists,  the  two  conditions  are  independent  of  each  other,  the 
former  being  due  to  rheumatic  infection  and  the  latter  the  result  of  ordinary 
coronary  artery  sclerosis. 
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PAROXYSMAL  AURICULAR  FIBRILLATION  AXD  FLUTTER 
WITHOUT  SIGNS  OF  ORGANIC  CARDIAC 
DISEASE  IN  TWO  BROTHERS 


ROBERT  L.  LEVY,  M.D. 

[Professor  of  Clinical  Medicine,  College  of  Physicians  and  Surgeons, 
Columbia  I'niversitij,  Xew  York  Citrj] 

The  occurrence  of  paroxysms  of  auricular  fibrillation  in  patients  without 
other  evidence  of  heart  disease  is  uncommon ;  paroxysmal  auricular  flutter, 
under  these  circumstances,  is  a  rarity  (1  to  4).  On\y  once  before,  as  far 
as  could  be  determined,  has  reference  been  made  to  the  familial  incidence 
of  this  type  of  arrhythmia  which  is  dependent  upon  the  presence  of  a  circus 
movement.  In  their  paper  on  "L^ncomplicated  Auricular  Fibrillation  and 
Auricular  Flutter,"  Orgain,  \\'olfT  and  White  mentioned  in  a  footnote  that 
three  of  their  patients  with  fibrillation  were  brothers  (4).  Although  it  was 
stated  that  these  cases  would  be  described  in  detail  in  a  later  report, 
this  was  never  done  (5).  The  two  brothers  w'hose  case  histories  are  here 
given  have  been  under  observation  for  9  and  7^  years  respectively.  One 
of  them,  at  the  age  of  59  years,  experienced  his  first  paroxysm  of  auricular 
flutter;  the  other,  when  48  years  old,  was  for  the  first  time  conscious  of  a 
cardiac  irregularity.  In  neither  has  it  been  possible  to  detect  any  signs  of 
organic  heart  disease. 

CASE  REPORTS 

Case  1 .  History.  Mr.  X,  a  retired  stockbroker,  was  first  seen  in  November,  1932, 
when  he  was  59  years  of  age.  He  complained  of  jumpiness  of  the  iieart  which  had 
been  present  for  10  days. 

His  father  died  at  the  age  of  69  of  apoplexy.  His  mother  died  of  tuberculosis  of 
the  throat  and  lungs,  at  the  age  of  62.  One  brother  (Patient  Y  in  this  paper)  and  2 
sisters  were  living  and  well.  One  brother  died  suddenly  at  the  age  of  48,  presumably 
of  coronary  disease. 

A  tuberculous  left  kidney  was  removed  wlien  the  patient  was  40.  A  sinus  tract 
persisted  for  some  months  and  he  took  the  sun  cure  in  Leysin,  Switzerland.  .\ 
secondary  operation  was  successful  in  healing  the  wound  and  there  was  no  further 
trouble  with  the  urinary  passages.  He  had  dry  pleurisy  at  the  age  of  29,  and  pneu- 
monia at  31.  He  was  in  the  habit  of  taking  setting-up  exercises  every  morning  and 
could  walk  for  from  four  to  six  miles  without  discomfort.  He  frequently  played 
eighteen  holes  of  golf  and  was  able  to  jog  a  mile  without  undue  dyspnea.  He  took 
two  cups  of  coffee  each  day  and  smoked  three  or  four  pipes  and  one  cigar.  He  drank 
a  cocktail  before  dinner  and  a  whiskey  and  soda  with  his  evening  meal. 

Present  illness.  A  year  ago,  after  exhibiting  in  a  horse-show,  he  felt  poorly.  His 
physician  found  the  systolic  blood  pressure  to  be  180  mm.  Hg,  but  the  hypertension 
subsided  promptly.    He  was  then  well  until  10  days  before  I  first  saw  him.    He  had 
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again  taken  part  in  a  horse-show  in  which  he  drove  a  coach  with  horses  which  he  had 
not  previously  handled.  After  he  had  completed  his  performance  he  realized  sud- 
denly that  his  heart  was  going  very  fast,  but  regularly.  This  type  of  tachycardia 
lasted  from  10  P.M.  to  5  A.M.  the  following  morning;  then  the  beat  became  irregular 
and  at  intervals  was  slow.  He  remained  at  home  during  the  following  week,  though 
not  in  bed.  His  heart  was  still  irregular  and  thumped  to  such  a  degree  that  it  shook 
his  whole  body. 

Examination.  The  patient  was  a  tall,  well-built,  healthy  looking  man.  The 
veins  of  the  neck  were  a  little  full  and  showed  typical  flutter  waves.  The  lungs  were 
clear.  The  heart  was  not  enlarged  on  percussion.  The  rate  was  92;  the  rhythm  was 
quite  irregular.  The  sounds  were  of  fair  quality.  A  short  systolic  blow  was  heard 
at  the  apex.    The  peripheral  vessels  were  not  thickened.    The  blood  pressure  was 


Fig.  1.  Electrocardiograms  of  Case  1.  A,  paroxysm  of  auricular  flutter, 
regular  sinus  rhythm. 


146  systolic  and  96  diastolic.  The  left  lumbar  kidney  incision  was  well  healed  and 
there  were  scars  also  in  the  left  groin. 

Fluoroscopic  examination  showed  no  cardiac  enlargement.  The  aorta  was  a  little 
dilated  and  tortuous,  but  no  more  so  than  might  be  expected  at  this  age.  The 
electrocardiogram  (fig.  1)  showed  auricular  flutter  with  auricular  rate  of  280  and  ven- 
tricular rate  of  82.  The  degree  of  block  varied  from  two  to  one  to  four  to  one.  The 
urine  contained  neither  albumin  nor  sugar.  There  was  an  occasional  leucocyte  in 
the  sediment. 

Course.  The  patient  was  put  to  bed  for  two  weeks  and  the  administration  of  digi- 
talis was  begun.  In  the  course  of  ten  days  he  was  given  3.4  Gm.  (34  cat  units).  The 
ventricular  rate  was  slowed  to  68;  the  auricular  rate  was  unaffected.  Digitalis  was 
continued  and  he  was  finally  permitted  to  get  up.  On  January  24,  1933,  quinidine 
was  begun  and  was  given  in  full  doses.  This  was  ineffectual  in  changing  the  cardiac 
rhythm.    Digitalis  was  then  resumed  and  he  was  permitted  to  be  up  and  about. 
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The  ventricular  rate  was  maintained  between  60  and  70  beats  per  minute.  He  was 
able  to  walk  for  as  much  as  four  miles  without  discomfort.  Frequent  electrocardio- 
grams were  taken  during  the  next  ciglit  months.  All  showed  auricular  flutter  with 
varying  degrees  of  auriculo-ventricular  block. 

On  July  15,  1933  (nine  months  after  the  onset  of  the  arrhythmia),  the  patient 
once  again  drove  a  four-in-hand.  Immediatel}'  after  getting  off  the  box  he  noted  that 
the  irregularity  had  completely  disappeared.  He  was  acutely  aware  of  the  change. 
Since  then,  he  had  occasionally  been  conscious  of  his  heart  beat  at  night,  but  there 
was  no  return  of  the  cardiac  irregularity. 

He  was  not  seen  again  until  February  16, 1934.  At  that  time  he  looked  well.  The 
heart  rate  was  68.  The  rhythm  was  regular  save  for  a  very  occasional  premature 
beat.  The  blood  pressure  was  156  systolic  and  92  diastolic.  He  was  encouraged  to 
lead  a  normal  and  unrestricted  life.    In  December,  1936,  at  the  age  of  63,  he  married. 

He  was  next  seen  on  September  21,  1938.  He  stated  that  on  July  9,  of  that  year, 
while  driving  from  the  first  tee  at  a  summer  resort,  he  had  sudden  substernal  pain. 
He  was  immediately  put  to  bed  and  it  was  thought  by  the  local  physician  that  he  had 
had  a  coronary  occlusion.  He  was  kept  in  bed  for  twelve  weeks.  There  was  no  fever 
or  leucocytosis.  The  blood  pressure  remained  low — a  little  over  100  systolic.  The 
electrocardiogram  showed  auricular  flutter.  He  was  given  small  amounts  of  digitalis 
without  change  in  the  rhythm  and  was  finally  taken  home  in  an  ambulance.  When  I 
saw  him  the  ventricular  rate  was  78.  Auricular  flutter  was  still  present.  The  blood 
pressure  was  128  systolic  and  78  diastolic.  Digitalis  was  begun  and  on  October  20 
(a  little  over  three  months  after  the  onset  of  flutter)  he  began  to  fibrillate.  Six  days 
later,  normal  rhythm  was  resumed.  He  was  again  conscious  of  the  change.  A 
daily  maintenance  ration  of  0.1  Gm.  of  digitalis  was  continued. 

On  December  3,  1938,  while  playing  cards,  the  heart  suddenly  began  to  beat 
rapidly  and  irregularly.  When  I  saw  him  a  little  later,  the  apex  rate  was  112  and  I 
was  under  the  impression  that  the  auricles  were  fluttering.  He  was  given  morphine 
bj'  hypodermic  injection,  but  slept  poorly.  The  following  morning  the  rhythm  was 
totally  irregular  and  an  electrocardiogram  showed  auricular  fibrillation.  A  few 
doses  of  quinidine  promptly  restored  normal  rhythm.  He  was  then  given  quinidine, 
0.2  Gm.  three  times  a  day  and,  with  the  exception  of  short  intervals,  has  taken  it 
ever  since.  There  was  one  brief  attack  of  flutter  which  began  on  August  6,  1939. 
This  was  followed  by  auricular  fibrillation  and  on  September  2,  the  resumption 
of  normal  rhythm.  Since  then  there  has  been  no  recurrence  of  either  flutter  or 
fibrillation.  There  have  been  occasional  premature  beats.  He  is  now  68  years  of 
age.  He  plays  from  nine  to  twelve  holes  of  golf  without  dyspnea  or  fatigue  and  swims 
in  the  ocean  during  the  summer.  The  heart  rate  is  usually  in  the  fifties.  The 
blood  pressure  on  the  last  examination  was  142  systolic  and  84  diastolic. 

Case  2.  History.  j\Ir.  Y,  a  brother  of  Mr.  X,  was  a  stockbroker  and  was  first  seen 
in  July,  1934.    At  that  time  he  was  58  j'ears  of  age. 

He  had  had  typhoid  fever  at  the  age  of  37.  His  appetite  was  large  and  he  enjoyed 
good  food.  He  had  noted  that  lobster,  cucumbers,  melon  and  radishes  did  not  agree 
with  him,  but  he  liked  all  of  them.  He  had  rowed  on  his  college  crew  and  up  to  five 
years  before  had  played  polo.  At  this  time  he  was  playing  golf  and  doubles  at  tennis. 
He  swam  for  short  distances.  He  did  all  of  these  things  without  dyspnea  or  cardiac 
pain.  He  smoked  two  cigars  a  day,  took  three  cocktails  before  dinner  and  wine  with 
the  evening  meal. 

Present  illness.  For  ten  years,  at  intervals,  he  had  noted  occasional  attacks  of 
irregular  beating  of  his  heart,  especially  after  overeating.  The  nature  of  the  ar- 
rhythmia was  not  then  known.    The  items  of  food  previously  mentioned  were  partic- 


768 


ROBERT  L.  LEVY 


ularly  apt  to  induce  a  paroxysm.  He  was  unaware  of  any  other  exciting  cause.  For 
many  years  also  he  had  noted  dizziness  after  a  sudden  change  of  posture;  on  several 
occasions  he  fainted.  For  six  years  he  had  had  attacks  of  asthma  which  came  on 
irregularly,  usually  after  shaving  in  the  morning.  Many  tests  for  allergy  were  nega- 
tive. However,  since  giving  up  shaving  with  a  brush  and  removing  certain  powders 
from  the  bathroom,  the  attacks  ceased.  His  heart  had  been  repeatedly  examined 
and  was  found  normal.  The  purpose  of  his  visit  was  to  find  out  if  he  might  continue 
to  exercise. 

Examination.  Like  his  brother,  Mr.  Y  was  a  tall  man,  of  athletic  build.  There 
was  slight  retinal  sclerosis.  The  heart  was  not  enlarged.  The  rhythm  was  regular; 
the  rate  88.  The  sounds  were  normal  and  clear.  The  blood  pressure  was  116  systolic 
and  72  diastolic. 
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Fig.  2.  Electrocardiogram.s  of  Case  2. 
B,  regular  sinus  rhythm. 


A,  paiox3sm  of  auricular  fibrillation. 


Fluoroscopy  was  attempted,  but  as  soon  as  the  room  was  darkened  the  patient 
became  pale,  broke  out  in  a  profuse  sweat  and  sank  to  the  floor  in  a  faint.  There 
was  no  change  in  heart  rate.  After  inhaling  the  fumes  of  aromatic  spirits  of  am- 
monia, he  promptly  regained  consciousness  and  three  minutes  after  the  s\-ncopal 
attack  the  heart  rate  was  88,  the  blood  pressure  126  systolic  and  76  diastolic.  The 
electrocardiogram  was  normal  (fig.  2).  He  was  advised  to  avoid  the  items  of  food 
which  caused  indigestion,  as  well  as  to  eat  and  drink  moderately. 

Course.  He  was  not  seen  again  until  June,  1937  (three  years  later),  after  his  left 
kidney  had  been  removed  because  it  contained  an  adenocarcinoma.  There  was  a 
brief  bout  of  auricular  fibrillation  on  the  day  following  the  operation;  the  arrhythmia 
disappeared  promptly  after  the  administration  of  digitalis,  .\fter  convalescence  he. 
resumed  tennis  and  felt  extraordinarily  well. 

The  patient  was  seen  at  intervals  during  the  next  four  years.  He  was  advised  to 
take  quinidine,  0.2  Gm.  three  times  a  day,  but  did  so  irregularly.  He  had  several 
attacks  of  fibrillation,  but  I  saw  him  in  only  four  of  these.    One  paroxysm  followed  a 
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severe  attack  of  grippe.  Another  came  on  at  two-thirtj-  in  the  morning  after  eating 
a  late  supper  and  drinking;  a  good  deal  of  beer  after  the  theatre.  On  another  occasion, 
an  attack  came  on  after  a  heavy  meal.  He  felt  faint  during  the  screen  version  of 
"Gone  with  the  Wind".    Between  attacks  he  was  remarkably  well. 

He  was  last  seen  early  in  1941.  The  heart  rate  was  56:  the  rhythm  regular.  The 
sounds  were  a  little  distant  and  clear.  The  blood  pressure  was  118  systolic  and  74 
diastolic.  He  was  taking  quinidine  regularlj'.  There  was  no  evidence  of  re- 
currence of  the  renal  neoplasm.  He  was  then  65  years  old  and  because  of  his  age  and 
history,  was  advised  not  to  play  tennis  and  to  confine  his  exercise  to  golf  and  riding. 

COMMENT 

These  two  brothers  were  remarkably  alike  in  many  respects.  Both  were 
tall,  well-built  and  athletic.  Both  had  been  stockbrokers.  Although 
externally  calm  and  even-tempered,  they  were  unusualh'  sensitive  to  emo- 
tional experiences.  Each  lost  his  left  kidney  by  surgical  operation,  one 
because  of  tuberculosis,  the  other  because  of  carcinoma.  The  attacks  of 
arrhythmia  began  late  in  life — in  the  first  case  at  the  age  of  59,  in  the  second 
at  the  age  of  48.  The  form  of  the  electrocardiogram  during  periods  of 
sinus  rhythm  also  showed  features  of  similarity.  In  both  instances  the 
continuous  administration  of  quinidine  was  effectual  in  preventing  the 
recurrence  of  paroxysms. 

The  duration  of  auricular  flutter  for  nine  months  in  Mr.  X,  its  refrac- 
toriness to  drugs  during  this  period  and  the  spontaneous  resumption  of 
normal  rhythm,  recall  to  mind  the  remarkable  case  of  Sprague  and  White 
(6).  A  machinist,  aged  49  j^ears,  suffered  from  persistent  flutter  for  five 
years,  in  spite  of  the  use  of  digitalis  arid  quinidine  in  full  dosage.  At  the 
end  of  that  time,  for  no  apparent  reason,  regular  sinus  rhythm  recurred. 
No  evidence  of  organic  cardiac  disease  was  discovered. 

The  benign  course  of  auricular  fibrillation  and  flutter  in  patients  without 
signs  of  anatomic  changes  in  the  heart  has  been  pointed  out  by  numerous 
observers  (1  to  4,  7).  The  prognosis  is  particularly  good  when  the  arrhyth- 
mia is  of  the  paroxj'smal  type.  The  immediate  cause  for  the  onset  of 
attacks  has  been  variously  ascribed  to  effort,  emotional  stress,  infection, 
the  action  of  some  toxin,  or  digestive  disorders.  In  the  case  of  ^Nlr.  X,  the 
excitement  of  exhibiting  in  a  horse-show  appeared  to  be  responsible  not 
only  for  initiating  flutter  but  for  terminating  the  circus  movement.  The 
second  attack  followed  immediately  after  driving  a  golf  ball.  The  third 
occurred  during  a  close  game  of  bridge.  Mr.  Y's  attacks  of  fibrillation 
were  induced  usually  after  eating  and  drinking  more  than  he  should,  and 
particularly  when  he  ate  articles  of  food  which  he  knew  disagreed  with 
him.  In  one  instance  a  paroxysm  followed  a  surgical  operation  (nephrec- 
tomy) ;  on  another  occasion,  it  occurred  during  a  severe  attack  of  grippe. 

It  is  not  known  w^hat  basic  conditions  render  certain  persons  .susceptible 
to  such  cardiac  upsets.  The  familial  incidence  suggests  the  possibility 
that  constitutional  factors  may  be  concerned;  but  what  these  are,  is  en- 
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tirely  a  matter  of  conjecture.  Perhaps  there  exists  an  unusually  delicate 
balance  between  the  sympathetic  and  parasjTnpathetic  control  of  the  heart, 
and  hence  this  is  readily  disturbed.  Certainly  it  seems  moi'e  likely  that  a 
nervous  mechanism  Ls  responsible  for  "pulling  the  trigger"  than  that  the 
irregularity  results  from  some  intrinsic  defect  in  the  myocardium.  Experi- 
ments in  animals  have  shown  that  the  sympathetic  centers  in  the  hypo- 
thalamus exert  an  effect  upon  cardiac  rhythm  (8,  9).  Why  the  tendency 
for  the  appearance  of  a  circus  movement  in  the  auricles  should  manifest 
itself  in  these  two  patients  only  in  the  fifth  and  sixth  decades  of  life  is  not 
clear.  Conceivably,  vascular  changes  may  have  developed  in  the  hypo- 
thalamic area,  rendering  it  more  sensitive  to  stimuli  which  previously 
were  below  the  threshold  of  response.  But  the  defect  which  initiates  the 
paroxysms  has  not  been  demonstrated  and  remains  obscure. 
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FIVE  YEARS  OF  CANCER  RESEARCH 


A  Retrospect 

RICHARD  LEWISOHX,  i\I.D. 
[Consultant  Surgeon  to  The  Mount  Sinai  Hospital] 

My  dear  Ben, 

I  ha\-e  been  thinking  a  good  deal  about  the  selection  of  a  subject  for  this 
commemorative  volume.  I  might  have  presented  some  clinical  subject 
dealing  either  '>vith  blood  transfusion  or  some  gastroenterological  problem, 
subjects  which  have  interested  me  during  my  thirty  years  on  the  Surgical 
Service  of  The  Mount  Sinai  Hospital.  Or  I  might  have  .selected  some 
pre.sentation  from  our  joint  goitre  .service,  which  we  organized  a  number 
of  years  before  my  retirement  from  active  .service.  Howe\'er,  I  have  de- 
cided to  discuss  today  the  de\  olopment  of  the  Cancer  Research  Laboratory' 
at  The  Mount  Sinai  Hospital. 

I  ff^el  that  such  a  presentation  is  very  timely  in  this  volume.  You  have 
always  shown  a  keen  interest  in  the  problems  of  research,  even  if  they  are 
somewhat  far  away  from  the  road  of  clinical  medicine  sensustrictiori.  We 
have  always  agreed  that  a  doctor  who  just  attends  to  the  care  of  patients, 
without  doing  some  productive  work  in  medical  research,  misses  a  great 
opportunity.  He  not  only  fails  to  make  full  use  of  the  possibilities  which 
medicine  offers  to  its  pupils  in  such  abundant  fashion,  but  also  he  is  derelict 
in  his  duties  towards  the  institution  which  he  serves  and  which  offers  him 
ample  facilities  for  adding  a  small  stone  here  or  there  to  the  mosaic  of 
medical  progress.  After  all,  most  of  us  agree  that  the  reputation  of  a  great 
hospital  is  made  not  only  by  the  proper  care  of  the  patients — all  modern 
hospitals  perform  that  function  admirably — but  also  by  important  con- 
tributions of  its  members  to  medical  research.  By  doing  so  they  may  ad- 
vance the  clock  of  human  accomplishments  and  thus  help  to  diminish  the 
great  reservoir  of  human  suffering. 

In  fact  in  many  hospitals,  and  especially  in  university  clinics,  the  trustees 
have  ruled  that  no  member  of  the  medical  profession  should  occupy  a  lead- 
ing position  on  the  staff  and  no  junior  member  may  expect  promotion, 
unless  he  has  demonstrated  aljility  for  progressive  research  work. 

The  cancer  research  laboratory  started  five  years  ago  in  very  humble 
beginnings.  Through  the  courtesj'  of  Dr.  Shwartzman  I  had  been  allowed 
the  use  of  a  few  cancer  mice  for  testing  a  spleen  extract  prepared  for  me 
by  Dr.  David  Klein,  chief  chemist  of  the  Wilson  Laboratories. 

It  may  interest  you  to  hear  why  I  selected  the  spleen  for  m}^  work. 
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The  explanation  for  this  step  was  my  complete  ignorance  of  the  experi- 
mental cancer  literature.  I  had  often  observed  at  surgical  operations  that 
in  general  abdominal  carcinomatosis  the  spleen  was  usualh'  free  from  any 
metastasis.  It  may  amuse  you  to  know  that  when  I  started  the  experi- 
mental work  with  the  spleen  extract  I  had  the  wrong  impression  that  this 
observation  had  never  been  used  in  experimental  cancer  research.  How- 
ever, when  I  began  to  .study  the  literature  I  found  that  the  spleen  had  been 
used  extensively  for  many  years  by  many  investigators.  Thus  I  started 
the  work  because  I  was  not  familiar  with  the  literature  on  experimental 
cancer  research.  Sometimes  it  seems  to  be  an  asset  not  to  know  too  well 
the  work  of  others.  If  I  had  been  familiar  with  the  many  previous  failures 
of  experimental  splenic  therapy  I  might  never  have  taken  up  this  line  of 
research. 

Before  I  started  this  problem  I  gave  careful  consideration  to  the  question 
of  the  selection  of  the  proper  tumor  for  testing  the  spleen  extract.  As  you 
know  we  have  two  different  tj^pes  of  mouse  or  rat  tumors  at  our  disposal 
for  experimental  work,  namely  transplanted  or  spontaneous  tumoi's. 
Experiments  with  any  new  form  of  cancer  treatment  should  be  started  on 
transplanted  tumors,  as  large  numbers  with  tumors  of  this  type  are  easily 
obtainable.  After  its  therapeutic  efficacy  has  been  proven  on  transplanted 
tumors,  the  new  procedure  should  be  tested  on  spontaneous  tumors,  for  if 
complete  regressions  are  obtained  in  transplanted  tumors,  the  same  therapy 
may  show  results  in  spontaneous  tumors.  However,  if  a  therapeutic  at- 
tempt fails  in  transplanted  tumors,  spontaneous  tumors  will  not  respond 
to  that  treatment. 

After  consultation  with  Dr.  William  H.  Woglom  (whose  help  and  advice 
has  been  of  inestimable  value  to  our  laboratory  during  these  five  years) 
I  selected  Sarcoma  180  for  a  test  of  the  spleen  extract.  Sarcoma  180  is  a 
malignant  tumor  which  can  be  transplanted  at  ease  in  certain  mice  strains. 
A  small  piece  of  malignant  tumor  tissue  is  introduced  subcutaneously  with 
a  trocar.  After  eight  or  ten  daj's  this  minute  piece  of  tissue  will  have 
grown  to  considerable  size,  and  the  treatment  can  start.  Naturalh'  it  is 
important  for  any  work  with  transplanted  tumors  to  keep  identical  numbers 
of  untreated  control  animals  for  observation  of  spontaneous  regressions. 
I  found  that  spontaneous  regressions  in  Sarcoma  180  ranged  about  8 
per  cent. 

The  injections  of  spleen  extract  were  given  subcutaneously,  far  away 
from  the  tumor,  in  order  to  avoid  the  possibility  of  direct  action. 

As  I  told  you,  the  first  experiments  were  given  to  a  few  animals  only. 
You  may  imagine  my  surprise  and  satisfaction  when  some  of  these  tumors 
showed  a  complete  change  of  appearance  on  the  day  following  the  treat- 
ment. The  tumor  showed  extensive  hemorrhages  very  similar  to  the  ap- 
pearance of  these  tumors  after  treatment  with  Shwartzman's  bacterial 
filtrates.  Under  daily  treatment  a  number  of  tumors  disappeared  com- 
pletely. 
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I  have  described  these  first  experiments  in  detail,  as  they  induced  me  to 
continue  my  interest  in  this  problem  and  to  expand  the  facilities  for  careful 
further  investigation. 

After  the  work  had  continued  for  about  six  months,  I  was  very  fortunate 
in  associating  with  me  ]\Irs.  Leuchtenberger.  Her  imagination  and  en- 
thusiasm, her  excellent  training  in  chemistry,  bacteriology  and  biology 
made  her  an  ideal  collaborator.  A  few  months  later  Dr.  Leuchtenberger 
joined  the  organization  as  pathologist.  During  the  last  three  years  Dr. 
Laszlo  has  been  biochemist.  A  great  deal  of  the  progress  which  has  been 
made  in  the  purification  of  our  extracts  is  due  to  his  endeavours.  Dr.  K. 
Bloch  spent  one  year  with  us,  cooperating  with  Laszlo  in  the  chemical 
laboratory.  He  recentlj'  returned  to  the  College  of  Physicians  and 
Surgeons  and  was  replaced  by  Dr.  Dische. 

Two  technicians  and  two  animal  attendants  complete  the  organization, 
comprising  a  staff  of  nine  people.  Our  mouse  colony  has  grown  from  the 
original  dozen  mice  to  over  2000  animals.  We  now  have  two  large  labor- 
atories, one  for  biology  and  pathology,  the  other  for  chemistry. 

I  have  dwelt  somewhat  in  detail  on  the  physical  growth  of  the  Cancer 
Research  Laboratory.  It  .seems  of  interest  that  such  an  organization  could 
be  formed  in  the  short  period  of  a  few  years,  in  spite  of  the  limited  facilities 
of  space  in  The  Mount  Sinai  Hospital.  I  have  always  appreciated  the 
understanding  and  the  cooperation  which  I  received  from  the  Board  of 
Trustees. 

Let  us  return  now  to  a  further  review  of  the  scientific  work.  After  we 
had  established  complete  disappearance  in  60  per  cent  of  the  animals  with 
Sarcoma  180,  w'e  had  to  prove  that  this  w^as  due  to  a  specific  action  of  the 
spleen  extract.  Four  other  organ  extracts,  prepared  exactly  like  the  spleen 
extract,  were  tested,  namely  liver,  heart,  pancreas  and  testis.  None  of 
these  extracts  influenced  the  normal  growth  of  Sarcoma  180  in  the  slightest 
degree.  It  would  carry  us  too  far  to  discuss  here  the  many  other  tests 
which  were  performed,  before  we  were  sure  that  the  spleen  extract  pre- 
sented a  specific  action. 

A  possible  lead  to  the  action  of  the  spleen  extract  upon  the  tumor  may 
be  found  in  the  following  observation:  The  spleen  in  the  controls  and  in 
animals  treated  with  other  organ  extracts  was  small,  whereas  the  spleens 
in  the  animals  which  had  been  cured  of  their  Sarcoma  180  by  treatment 
with  spleen  extract  was  verj'  large,  often  four  to  five  times  the  normal  size. 
This  interesting  observation  was  the  basis  for  an  important  advance  in  our 
research  problem.  An  extract  was  prepared  from  the.se  enlarged  spleens. 
This  extract  was  injected  intravenously  into  mice  (Strain  A,  Jackson 
Memorial  Laboratory)  bearing  spontaneous  mammary  carcinomas.  In 
30  per  cent  of  the  treated  animals  the  tumors  disappeared  completely. 
Even  when  the  animals  were  subjected  to  a  careful  post-mortem  examina- 
tion (man\^  months  after  the  complete  disappearance  of  the  tumors),  no 
trace  of  malignant  tumor  cells  could  be  found. 
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Eveiy  tumor  animal  is  subjected  to  a  biopsy  before  treatment  is  started. 
Thus  there  can  be  no  question  as  to  the  correctness  of  the  diagnosis. 

Some  of  our  critics  raised  the  objection  that  the  biopsy  might  be  instru- 
mental in  healing  these  tumors.  This  objection  seemed  absolutely  un- 
founded. Everj^  clinician  knows  that  biopsies  never  effect  cures  of  tumors; 
if  anything,  they  cause  them  to  spread  or  grow  more  rapidly.  However, 
in  order  to  prove  that  the  biopsj'  did  not  effect  a  cure,  we  subjected  81 
tumor  animals  to  a  simple  biopsy.    None  of  these  tumors  disappeared. 

These  spontaneous  tumors  when  subjected  to  treatment  do  not  present 
the  hemorrhages  which  were  observed  in  transplanted  tumors.  They 
simply  shrink  gradually  in  size,  undergo  a  dr\'ing-up  process  and  disappear. 
Sometimes  8  to  10  daily  intravenous  injections  will  heal  these  tumors.  In 
other  instances  (especiallj'  in  large  tumors)  daily  intravenous  treatment  may 
have  to  be  extended  up  to  six  weeks.  It  is  interesting  to  note  that  even  a 
shrinking  tumor  will  start  to  grow  again,  if  the  injections  are  interrupted. 

The  "healed  splenic  extract"  as  we  have  called  it,  for  want  of  a  better 
name,  presents  a  new  biologic  principle,  namely  the  use  of  an  organ  from 
an  animal  which  had  been  cured  of  its  cancer  by  treatment  with  spleen 
extract.  Great  as  the  scientific  interest  of  this  method  might  be,  its 
practical  application,  for  obvious  reasons,  would  alwaj's  be  limited  unless 
the  active  principle  in  these  "healed"  spleens  could  be  freed  and  synthesized 
chemically,  a  research  problem  of  great  magnitude. 

^lay  I  briefly  interrupt  this  report  on  progress  in  order  to  discuss  with 
you  the  significance  of  these  experiments.  You  may  know  that  Cancer 
Research  in  its  present  form  dates  back  about  forty  years  to  the  days  of 
Paul  Ehrlich.  Since  then  innumerable  efforts  have  been  made  all  over 
the  world  in  an  attempt  to  cure  spontaneous  malignant  tumors  in  animals 
by  an  indirect  route  (subcutaneous,  intravenous  or  intraperitoneal  applica- 
tion). Practically  all  of  these  experiments  have  failed.  In  recent  years 
a  few  scattered  reports  of  disappearance  of  these  tumors  in  a  few  animals 
were  presented.  However,  the  high  toxicity  of  the  .substances  which  were 
employed  made  their  use  on  a  large  scale  problematical,  not  to  mention  the 
impossibility  of  using  them  in  patients. 

Our  work  demonstrated  for  the  first  time  that  spontaneous  malignant 
tumors  in  mice  may  heal  completely  in  30  per  cent  of  the  animals.  These 
30  per  cent  do  not  include  the  tumors  which,  though  much  reduced  in  size, 
do  not  disappear  completely.  If  the  latter  were  included,  the  figures  would 
rise  to  60  per  cent. 

As  you  know  we  have  in  recent  years  .substituted  yeast  extract  for  spleen 
extract.  Results  with  yeast  extract  have  been  practically  identical  with 
those  obtained  with  spleen  extract.  At  the  International  Cancer  Congress 
in  Atlantic  City  (1939)  Maisin,  who  was  then  Director  of  the  Cancer  In- 
stitute in  Louvain,  Belgium,  stated  that  by  adding  baker's  yeast  to  the  food 
of  his  animals  he  could  retard  the  growth  of  experimental  cancers. 
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A  yeast  extract  was  prepared  in  this  laboratory  about  two  years  ago  and 
injected  intravenously  into  mice  bearing  spontaneous  malignant  Vireast 
tumors.  Results  obtained  were  practically  identical  with  those  following 
treatment  with  spleen  extract.  Again  we  noted  complete  disappearance 
of  the  tumors  in  30  per  cent  of  the  treated  animals. 

I  cannot  dwell  here  on  the  many  steps  in  purification  and  fractionation 
of  the  yeast  extract.  Details  of  this  work  have  been  jiresented  in  a  number 
of  papers  published  by  our  group.  Progress  has  been  made  in  two  direc- 
tions: 1)  detoxication  of  the  extract,  2)  concentration  of  the  tumor-active 
and  removal  of  the  tumor-promoting  substances.  The  improved  extract 
shows  very  little  toxicity,  whereas  the  original  extract  caused  a  temporary' 
shock  immediately  following  the  injection. 

We  have  observed  many  animals  for  more  than  one  year  after  the  com- 
plete disappearance  of  the  breast  carcinoma.  Not  on\y  did  the  tumor  fail 
to  recur,  but  a  complete  pathological  examination  failed  to  show  ab- 
normalities in  other  organs. 

However,  I  should  point  out  that  not  all  the  animals  remain  free  from 
recurrences.  In  about  25  per  cent  of  the  healed  mice  tumors  recur  usually 
after  six  to  eight  months.  These  tumors  aiT  resistant  to  treatment.  Are 
they  actually  recurrent  tumors  or  are  they  new  tumors  which  may  occur 
at  any  time  in  a  cancer  strain  like  Strain  A? 

Up  to  now  we  have  not  been  able  to  increase  the  percentage  of  cures 
above  30  per  cent.  With  the  intensive  work  which  is  now  going  on  in  our 
chemical  laboratory  we  should  be  able  to  raise  this  figiu'e  to  at  least  (50 
per  cent. 

Recently  we  published  some  very  interesting  results  in  prevention  of 
tumor  growth  in  a  transplantable  tumor  which  normally  shows  95  to  100 
per  cent  "takes."  When  these  animals  are  treated  with  intravenous  in- 
jections of  yeast  extract  on  ten  consecutive  days  before  the  transplantation, 
the  tumor  will  not  "take"  in  20  per  cent.  When  pantothenic  acid  was 
mixed  with  the  yeast  extract,  the  "non-takes"  rose  to  nearly  50  per  cent. 
When  yeast  was  mixed  with  riljoflavin,  the  "non-takes"  rose  to  above  00 
per  cent. 

These  observations  which  we  presented  in  detail  in  Science  indicate  the 
vital  role  which  the  vitamins  play  in  our  problem.  The  scientific  staff  of 
Messrs.  Merck  it  Company  are  now  in  active  cooperation  with  us  on  this 
problem.    As  you  know  they  are  among  the  leaders  in  vitamin  studies. 

Among  the  many  unsolved  questions  are  the  following:  We  have  succeeded 
in  curing  spontaneous  breast  cancers  in  mice  with  two  different  extracts, 
one  originating  from  the  spleen,  the  other  from  yeast.  What  is  the  con- 
necting link,  what  is  the  tumor-active  principle  inherent  in  both  extracts? 
If  we  had  the  answer  to  this  question,  we  would  have  taken  a  great  step 
towards  the  solution  of  the  prol)lem. 

How  much  have  we  accomplished?    Possibly  very  little, — possibly  a 
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great  deal.  If  our  work  has  taken  us  near  the  end  of  our  road,  if  we  cannot 
apply  our  experiences  and  our  results  to  the  wider  field  of  human  pathology, 
this  piece  of  research  will  have  a  limited  application  and  will  always  remain 
of  minor  importance. 

If  we  should  be  able — as  we  hope  to  try  in  the  near  future — to  get  results 
in  cancer  patients,  our  five  years'  efforts  will  bear  fruit  in  a  wide  field. 

It  is  the  charm  and  the  joy  of  research  that  the  future  of  any  research 
problem  is  full  of  hope  and  speculation. 

In  order  to  excuse  their  lack  of  endeavors  in  the  line  of  research,  doctors 
will  often  state  that  the  field  for  research  is  too  narrow  now,  as  most  prob- 
lems in  medicine  have  been  solved.  The  contrary  is  the  truth.  Most 
problems  in  medicine — and  for  that  matter  in  all  the  other  fields  of  science — 
stay  unsolved. 

I  hope  that  this  contribution  to  your  Anniversary  Volume  written 
mainl}^  for  intramural  use — namely  for  the  Journal  of  The  Mount  Sinai 
Hospital — will  be  read  by  the  members  of  our  intern  staff.  I  trust  that 
this  brief  description  of  the  development  of  a  new  laboratory  will  induce 
these  young  men  to  develop  their  love  and  devotion  to  some  research 
problem.  They  will  be  abundantlj^  paid  for  such  efforts  by  the  joy  of 
exploring  new  roads.  Furthermore,  I  hope  that  they  will  have  as  much 
pleasure  and  satisfaction  as  our  group  has  encountered  in  our  research  work 
during  the  last  five  years. 

With  my  heartiest  congratulations  and  best  wishes. 


Cordially  yours, 


October  1st,  1941. 
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EMANUEL  LIBMAN,  M.D. 
[New  York  City] 

A  few  years  ago,  in  this  Journal,  I  published  an  article  with  the  same 
title.'  It  was  my  intention  at  that  time  to  publish  a  series  of  such  papers. 
On  this  occasion,  I  will  add  some  further  observations. 

In  the  former  paper,  I  referred  to  the  subject  of  suppurative  adenoiditis. 
The  following  is  an  additional  observation. 

It  concerns  a  child,  suffering  for  several  weeks  from  an  irregular  fever. 
A  few  days  before  the  onset  of  the  fever,  there  had  occurred  a  small  injury 
to  the  skin  about  the  nail  of  one  of  the  fingers.  This  was  followed  by  a 
local  infection  of  moderate  degree,  unaccompanied  by  lymphangitis  or 
cellulitis.  This  infection  had  subsided  when  I  saw  the  child,  leaving  some 
redness  and  a  little  tenderness.  Two  blood  cultures  had  revealed  a  small 
number  of  colonies  of  Streptococcus  hemolyticus.  There  was  no  evidence 
of  metastases,  endocarditis  or  phlebitis.  It  was  clear  that  the  lesion  of 
the  finger  was  not  maintaining  the  bacteremia.  It  was,  therefore,  neces- 
sary to  look  for  another  possible  primary  focus.  Finding  none  in  a  careful 
examination  of  the  body,  I  thought  of  infected  adenoids  as  a  possible  source 
of  the  infection.  A  few  moderately  enlarged  cervical  lymph  nodes  could 
be  palpated  high  up  in  the  left  side  of  the  neck,  near  the  mastoid  bones. 
I  succeeded  in  eliciting  the  fact  that  for  a  couple  of  days  there  had  been  a 
little  bleeding  from  the  left  side  of  the  nose.  On  palpation  of  the  naso- 
pharynx, a  hard  mass  was  detected  filling  the  entire  vault.  This  was 
broken  up  by  the  finger,  the  centre  of  the  mass  being  softer.  On  the 
following  day  the  fever  had  disappeared.  A  subsequent  blood  culture 
remained  sterile.  The  child  made  a  rapid  recovery.  The  physician  in 
charge  reported  to  me  later  that  the  hard  mass  had  disappeared,  and  that  a 
moderate  amount  of  adenoid  tissue  could  be  jjalpated. 

This  case  illustrates  the  necessity  of  keeping  adenoiditis  in  mind.  It 
also  teaches  that  every  case  of  general  bacterial  infection  needs  careful 
study  as  regards  the  site  of  the  primary  focus  and  the  location  and  sig- 
nificance of  anv  metastases.  Sometimes,  as  in  this  consideration 
of  the  number  of  bacterial  colonies  plays  a  significant  role  in  diagnosis 
and  therapy.  For  example,  in  this  case  the  number  of  colonics  to  the  cubic 
centimeter  was  not  over  five.  Such  a  number  of  bacteria  could  not  of 
itself  cause  the  fever  and  other  general  symptoms.  It  requires  many 
bacteria  in  the  blood  to  give  a  clinical  picture.    Most  bacteremias  of 
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streptococcic  or  staphylococcic  origin  are  maintained  by  the  primary 
focus  (with  or  without  venous  involvement),  an  endocarditis  or  certain 
kinds  of  metastatic  foci.  Sometimes  I  refer  to  such  calculations,  in  a 
general  way,  as  "the  mathematics  of  infections." 

*  *       *  * 

In  inspecting  the  throat  particular  attention  should  be  paid  to  the  mar- 
gins and  back  of  the  uvula.  A  membranous  inflammation  of  the  naso- 
pharynx may  spread  do\\n  the  back  of  the  u\-ula  and  extend  forward  only 
as  far  as  the  margins,  the  anterior  surface  remaining  free.  Such  an  appear- 
ance may  be  the  only  clue  to  the  presence  of  agranulocytic  angina. 

A  physician  who  was  working  with  the  bacillus  of  diphtheria,  complained 
for  several  days  of  fatigue,  malaise  and  pain  in  the  back  of  the  neck, 
especially  evenings.  There  were  slight  temperature  elevations.  There 
were  a  few  enlarged  lymph  nodes  at  the  angles  of  the  jaws.  Digital 
examination  revealed  a  membrane  in  the  nasopharynx,  and  cultures 
revealed  virulent  Klebs-Loeffler  bacilli.  Prompt  recovery  occurred  on 
the  administration  of  anti-toxic  serum.  This  observation  again  emphasizes 
the  importance  of  digital  exploration  and  of  inspection  of  the  nasopharynx, 
especially  in  patients  suffering  from  pain  in  the  back  of  the  neck.  Diph- 
theria confined  to  the  nasopharynx  Ls  easily  overlooked. 

*  *       *  * 

Although  there  have  appeared,  on  occasion,  papers  on  the  subject,  small 
IjTnph  nodes,  both  in  the  lateral  cervical  region  and  directly  supraclavicular 
are  often  overlooked.  They  are  not  as  frequently  tuberculous  as  generally 
believed. 

I  remember  well  a  nonfebrile  patient  suffering  from  thrombocytopenic 
purpura,  in  whom  the  roentgenologist  reported  miliary  tuberculosis  of  the 
lungs.  This  was  at  a  time  when  it  was  not  known  that  such  a  lesion  could 
occur  with  little  or  no  fever.  On  the  side  of  the  neck  there  could  be 
palpated  a  node  of  little  over  millet  size.  On  removal  it  revealed  a  fresh 
miliary  tuberculosis.  This  helped  to  clear  the  case  up,  and  demonstrated 
that  tuberculosis  can  give  rise  to  a  hemorrhagic  state  characterized  by  the 
findings  associated  with  thrombocytopenic  purpura.  Some  may  consider 
that  the  two  disorders  in  the  case  here  described  may  have  been  coin- 
cidental. But  there  is  enough  other  evidence  that  tuberculosis  can  cause  a 
bleeding  state,  accompanied  or  not  by  erythrocytosis. 

Occasionally  careful  watching  of  a  cervical  node  may  aid  much  in  diag- 
nosis. In  a  patient  in  whom  the  diagnosis  wavered  between  t>'phoid  fever 
and  the  extension  of  a  pulmonary  tuberculosis,  a  node  the  size  of  a  pea 
was  palpated  just  above  the  clavicle.  Because  the  node  gradually  enlarged, 
the  diagnosis  of  tuberculosis  was  considered  more  likely.  The  subsequent 
course  of  the  case  proved  the  correctness  of  this  assumption. 
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In  searching  for  the  so-calk'd  N'irchow  node,  one  must  palpate  not  only 
near  the  inner  end  of  the  claviele,  but  also  the  rest  of  the  supraelavicular 
fossa.  Not  infrcciuently  it  is  found  at  about  the  middle  of  the  bone.  It 
may  be  so  jammed  in  this  location  that  difficulty  may  be  encountered  in 
distinguishing  it  from  a  normal  or  an  atypical  bony  stnicture.  In  cases  of 
carcinoma  of  the  stomach,  it  is  pi-actically  always  to  be  found  on  the  left 
side.  With  other  carcinomas  (especially  of  lungs)  it  may  be  found  on 
either  side. 

In  the  French  literature  this  metastatic  lesion  is  called  the  Troisier  nod(>. 
It  has  interested  me  to  note  that  Rupert  Willis,  of  Melbourne,  refers  to 
it  by  this  name,  in  his  remarkable  volume,  "The  Spread  of  Tumors  in  the 
Human  Body,"  published  in  Lontlon  in  1934.  I  do  not  know  the  origin  of 
this  discrepancy.  I  am  glad  to  add  that  I  consider  Willis'  book  one  of 
the  best  on  the  subject  of  neoplasms,  and  that  it  should  be  in  the  library  of 
all  medical  men. 

When  a  group  of  enlarged  cer\  ical  or  axillary  lymph  nodes  is  palpated, 
it  may  be  of  value  to  palpate  carefully  between  the  nodes  and  about  them 
for  strands  (involved  lymphatic  channels).  If  such  strands  show  fine 
beading  it  is  very  suspicious  that  the  lymphatic  disease  is  of  tuberculous 
origin. 

*       *       *  * 

It  is  impoi-tant  to  note  that  nodes  which  ai'e  the  seat  of  Hodgkin's  disease 
may  be  but  slightly  enlarged.  About  twenty-two  years  ago,  I  was  con- 
sulted, while  on  a  holiday  in  Pennsylvania,  by  a  man  from  New  York  City, 
who  was  suffering  from  a  diffuse  swelling  of  th(>  sternum  and  two  ribs  on 
the  left  side.  He  was  interested  in  having  a  diagnosis  of  syphilis  excluded 
if  possible.  He  knew  that  Hodgkin's  disease  was  considered  a  fatal  dis- 
order, but  said  that  he  would  rather  ha\  e  that  or  cancer  than  be  "unclean." 
The  general  examination-,  apart  from  the  osseous  swelling,  revealed  a  small 
group  of  enlarged  nodes  at  the  internal  end  of  the  right  supracla\'icular 
fossa.  The  largest  was  only  of  the  size  of  a  pea.  When  I  examined  the 
patient  in  the  earlj-  morning  I  suspected  tuberculosis  because  of  the  small 
size  of  these  nodes.  I  was  indisposed  at  the  time  and  advised  the  patient 
not  to  return  to  New  York  until  I  examined  him  later  in  the  day.  In 
the  afternoon,  with  a  clearer  head,  I  noted  as  he  walked  about  the  grounds 
of  the  hotel,  that  he  had  the  peculiar  ochre-.vellow  color  which  I  a.ssociate 
with  advanced  Hodgkin's  disease.  I  promptly  sent  for  him  and  asked 
whether  he  had  suffered  from  pruritus.  He  responded,  "That  is  a  re- 
markable question.  I  suffered  from  severe  itching  of  the  lower  extremities 
for  over  a  year  before  the  swelling  of  the  bones  appeared.  The  doctors 
did  not  consider  it  of  any  significance,  and  did  not  bother  about  it."  I 
then  told  him  that  I  .suspected  the  presence  of  Hodgkin's  disease.  He  w'as 
jubilant  because  I  did  not  speak  of  syphilis.    One  of  the  nodes  and  a  biopsy 
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of  the  sternal  swelling  revealed  typical  Hodgkin's  disease.  Later  he 
developed  the  large  l,ymph  nodes  characteristic  of  the  disease. 

*  *       *  * 

The  configuration  of  the  enlarged  lymph  nodes  of  Hodgkin's  disease 
ma.y  show  certain  characteristics.  Often  it  can  be  noted  that  even  when 
not  pressed  against  each  other,  the  nodes  are  almond-shaped,  one  margin 
being  bevelled  (or  well  rounded)  and  the  other  sharp.  In  a  patient  suffer- 
ing from  long-standing  fever  with  slight  splenic  enlargement  the  only 
palpable  node  was  found  by  rectal  examination.  It  was  close  to  the  bony 
wall,  and  had  been  considered  to  be  an  osteoma.  Because  of  its  configura- 
tion I  stated  that  its  presence  strengthened  the  diagnosis  of  Hodgkin's 
disease  that  had  been  ventured.  The  diagnosis  was  later  confirmed  by 
the  development  of  packets  of  large  lymph  nodes  elsewhere  with  the 
typical  histological  features. 

Not  infrequently  the  cut  section  of  the  nodes  in  Hodgkin's  disease  pre- 
sents a  peculiar  ochre-yellow  color.  This  color  may  become  more  intense 
by  exposure  to  the  air,  and  sometimes  after  preservation  in  formalin. 

*  *       *  * 

In  the  condition  which  now  is  often  referred  to  as  Libman-Sacks'  disease, 
involvement  of  lymph  nodes  plays  a  conspicuous  r61e.  Of  24  cases  re- 
cently described  by  Dr.  Tracy  Mallory  20  showed  such  involvement. 

Lymph  node  involvement  had  been  knowTi  to  occur  in  the  disease. 
Usually  reference  was  made  to  moderate  enlargement  of  discrete  cervical 
nodes,  occasionally  axillary  or  inguinal.  Now  we  know  that  packets  of 
enlarged  nodes  may  be  observed.  They  have  been  noted  mainly  in  the 
supraclavicular  region  and  the  axilla.  But  they  may  be  encountered  in 
the  mesenteric  and  retroperitoneal  nodes.  In  one  case,  there  was  present 
a  packet  of  nodes  to  the  right  and  left  of  the  trachea.  Biopsies  of  enlarged 
nodes  in  the  disease  have  been  reported  as  hyperplasia,  Hodgkin's  disease 
(I  know  of  two  such  cases)  and  giant  follicular  lymphoblastoma  (one  case) . 
Careful  histological  examination  may  reveal  the  "hematoxylin -staining 
bodies"  of  Louis  Gross  or  multiple  small  areas  of  necrosis. 

The  configuration  of  large  nodes  in  the  axilla  and  groin  has  been  striking 
in  a  few  cases.  In  one,  those  in  the  axilla  were  about  the  size  of  a  large 
marble,  and  were  in  general,  spherical  with  small  irregularities.  In  another 
patient  the  nodes  in  the  groin  were  peculiar  (perhaps  characteristic). 
They  were  broad  nodes,  larger  than  almonds,  flat  like  lima  beans. 

In  one  case  very  large  nodes  in  the  axilla  and  groin  disappeared  many 
weeks  before  the  patient  passed  away.  This  spontaneous  disappearance 
is  a  novel  observation.  It  goes  hand  in  hand  with  other  waves  in  the 
disease.  For  example,  the  lupus  can  disappear  and  return,  and  the  endo- 
carditis may  heal  and  recur. 

The  presence  of  such  enlarged  nodes  is  of  great  aid  in  the  recognition  of 
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cases  of  Libman-Sacks'  disease  in  which  there  is  a  complete  absence  of 
lupus  erythematosus  disseminatus,  i)articularly  when  associated  with 
arthritis  (especially  of  the  deforming  kind),  pericarditis,  glomerulo- 
nephritis or  combinations  of  these  conditions. 

*  *       *  * 

There  has  been  confusion  in  relation  to  the  designation  "Oliver- 
Cardarelli's  sign"  for  the  tracheal  tug.  Oliver  and  Cardarelli  did  not  de- 
scribe exactly  the  same  manoeuvre.  Oliver  described  the  tug  as  being 
revealed  when  the  larynx  was  pushed  upward,  while  Cardarelli  referred  to 
pushing  the  larynx  to  the  left.  My  practice  has  been  to  push  upward  and 
if  necessary  to  the  left.  There  is  no  objection  to  the  use  of  the  term  Oliver- 
Cardarelli  sign,  if  all  this  is  understood.  The  description  of  a  separate 
"Cardarelli  sign"  for  the  tracheal  tug  might  easily  be  misleading  because 
that  designation  has  been  used  for  another  sign  described  by  Cardarelli 
(and  also  by  Olshausen).  This  is  defined  as  follow^s:  "When  a  tumor  is 
found  in  a  young  unmarried  woman,  lying  anterior  to  the  uterus,  it  is 
likely  to  be  a  dermoid  cyst."  I  have  no  personal  knowledge  of  the  value 
of  this  diagnostic  point. 

*  *       *  * 

For  many  years  I  have  found  an  aid  in  the  diagnosis  of  mediastinal 
disea.se,  especially  neoplastic,  in  the  presence  of  what  I  have  designated 
fixation  of  the  larynx  (really  fixation  of  the  trachea).  This  is  determined  by 
attempting  to  pu.sh  the  lar>nx  upward,  by  pushing  upon  the  cricoid 
cartilage.  U.sually  there  is  a  good  degree  of  mobility.  When  the  sign 
is  definite,  the  larynx  cannot  be  budged.  I  do  not  lay  stress  on  the  ab- 
sence of  the  sign  except  in  young  people  with  a  long  neck.  In  individuals 
with  a  short  neck,  I  do  not  lay  stress  on  the  absence  of  the  sign.  In  cases 
of  aneuiysm  of  the  aorta,  tracheal  tug  may  be  elicited  at  the  same  time 
as  fixation. 

As  examples  I  will  cite  two  cases,  the  first  of  which  was  ob.served  before 
the  advent  of  roentgenologic  examination.  The  patient  suffered  from 
recurrent  pleural  effusion  on  one  .side  of  the  chest.  Xo  diagnosis  had 
been  made  before  I  found  that  laryngeal  fixation  was  demonstrable.  The 
patient  proved  to  have  a  mediastinal  neoplasm.  The  other  patient  was 
a  child  suffering  from  fever  for  many  months,  the  cause  of  which  could 
not  be  determined.  The  only  physical  sign  that  could  be  found  w'as  a 
fixed  larynx.  I  ordered  a  roentgenologic  examination,  which  was  reported 
negative.  Only  an  antero-posterior  study  had  been  made.  I  felt  so  sure 
that  mediastinal  di.sea.se  was  present  that  I  insisted  upon  a  lateral  view. 
Then  a  mass  was  located  in  the  posterior  mediastinum,  which  eventually 
proved  to  consist  of  tuberculous  lymph  nodes. 


NEPHROSIS  AND  THE  "NEPHROTIC  SYNDROME" 


LEOPOLD  LICHTWITZ,  M.D. 
[Chief,  Medical  Division,  The  Montefiore  Hospital  for  Chronic  Diseases] 

There  are  many  controversial  problems  in  Bright 's  disease  and  their 
discussion  goes  back  to  the  very  daj's  of  Bright,  who  in  his  first  pubUcation 
(1827)  anticipated  the  differentiation  of  the  ailment  into  the  triad  of 
Volhard  and  Fahr,  into  nephritis,  nephrosis  and  sclerosis. 

As  far  as  nephrosis  is  concerned  we  are  confronted  with  the  difficulty 
that  this  term  has  changed  its  meaning  repeatedly.  F.  Mueller  intro- 
duced this  term  in  order  to  differentiate  between  inflammatory  and  de- 
generative processes.  The  matter  became  complicated  when  edema, 
albuminuria,  hypoproteinemia  and  hypercholesteremia  were  designated 
the  "nephrotic  syndrome."  This  terminology  is  by  no  means  justified. 
The  syndrome  Is  not  found  in  all  the  nephroses  and  is  present  in  many  cases 
of  chronic  glomerulonephritis  as  well. 

The  most  t.ypical  nephrosis  in  the  sense  of  Mueller  is  the  pathology  in 
acute  mercury  poisoning.  Here  is  the  most  .severe  degeneration  of  the  renal 
epithelium,  but  the  nephrotic  syndrome  is  not  present.  In  early  stages  of 
lipoidnephrosis  this  syndrome  exists  without  any  pathology  in  the  kidney. 
There  seems  to  be  no  doubt  that  degenerative  tubular  lesions  and  the 
nephrotic  sjoidrome  are  independent  of  each  other. 

The  features  of  the  nephrotic  syndrome  are  not  inseparablj'^  linked. 
Taking  the  chief  items,  albuminuria,  edema  and  hypoproteinemia  into 
consideration,  each  of  them  may  exist  in  the  absence  of  the  others. 

Some  light  seems  to  be  thrown  upon  the  mechanism  of  the  nephrotic 
syndrome  by  a  peculiar  condition  known  for  more  than  50  years,  termed  by 
its  discoverer,  E.  Wagner,  "edema  of  unknox™  origin"  and  now  recognized 
bj'  P.  Jungmann  as  hypothalamic  edema.  The  main  features  of  this 
chronic  ailment  are  chronic  edema  and  marked  hypoproteinemia  in  the 
absence  of  albummuria  and  cardiac  failure.  A  characteristic  case  of  this 
kind  may  serve  as  an  illustration; 

A  woman,  45  years  of  age,  developed  generalized  edema  25  years  ago 
during  pregnancy.  The  edema  persisted  until  death  despite  many  thera- 
peutic efforts.  During  many  years  of  observation  it  was  seen  again  and 
again  that  edema  and  body  weight  increased  during  the  daj's  preceding  the 
menstrual  period.  There  was  neither  nephritis  nor  cardiac  failure. 
Anemia  at  times  as  severe  as  4.8  gm.  per  cent  hemoglobin  and  2.4  million 
erythrocytes  was  a  predominant  feature.  There  was  a  marked  leucopenia 
(2,000)  and  a  persisting  hypocalcemia  (4.7),  arterial  hypotension  and  the 
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"hypothalamic  blood  sugar  curve."  Necropsj'  revealed  a  normal  heart, 
normal  vessels  and  tubular  degeneration  of  a  few  small  areas  of  the  kidneys. 

In  a  number  of  cases  of  this  kind  the  central  ner\-ous  origin  of  the  edema 
can  be  seen  by  its  unilateral  appearance. 

The  case  just  mentioned  with  its  beginning  diu-ing  pregnancy  could  be 
considered  as  being  related  to  the  nephi'osis  in  toxemia  of  pregnancy.  This 
particular  nephrosis  is  not  a  renal  disease  as  manifested  by  its  prompt  dis- 
appearance with  deli\erv. 

Hypoproteinemia  has  been  observed  in  various  liypothalamic-pituitary 
disorders.  Inversed  albumin-globulin  ratio  is  a  most  common  phe- 
nomenon, closely  related  to  the  process  of  infection,  sensitization  and 
immunization.    A  number  of  facts  point  to  its  autonomic  nervous  control. 

Hypoproteinemia  and  hypercholesterolemia  certainly  are  unrelated  to 
albuminuria.  In  the  case  of  a  boy  we  have  seen  renal  disease  developing 
acutely  with  typical  edema.  At  the  very  beginning  of  the  ailment  he 
showed  hypoproteinemia  and  hypercholesterolemia.  The  urine,  however, 
was  free  of  albumin  for  the  first  few  days. 

Lipoidnephrosis  is  a  systemic  disease.  The  low  basal  metabolic  rate 
found  in  a  number  of  cases  does  not  suggest  hypothyroidism  as  has  been 
assumed  by  Epstein.  Increase  as  well  as  decrea.se  of  the  basal  metabolic 
rate  may  result  from  h>-pothalamic  lesions  and  is  then  characterized  by 
marked  resistance  to  thyroid  therapy.  A  low  basal  metabolic  rate  is  also 
found  in  hypertensive  glomerulonephritis  when  the  nephrotic  features  are 
present.  All  ca.ses  of  nephritis  and  nephrosis  with  low  basal  metabolic 
rates  require  extraordinarily  large  doses  of  thyroid,  as  large  as  4  to  6 
mg.  daily  without  showing  any  discomfort  or  objecti\'e  signs  of  intoxication. 

From  these  facts  and  considerations  the  suggestion  may  be  presented 
that  Bright's  disease  has  a  twofold  mechanism.  One  deals  with  the  renal 
circulation,  it  leads  to  circulatory  derangement  in  the  territory  of  the  kid- 
neys and  to  arterial  hypertension.  The  nature  of  this  process  deserves  a 
special  discussion.  The  second  mechanism  is  systemic  and  not  at  all 
indispensable.  It  is  represented  by  a  hypothalamic  disorder  and  involves 
a  nimiber  of  vegetative  functions  and  regulations.  Under  the  circum- 
stances of  infection,  immunization  and  sensitization  the  hypothalamus 
always  is  affected.  This  is  e\'idenced  by  pyrexia  and  other  phenomena  and 
in  a  particularly  impressive  manner  by  the  miraculous  curative  effect  of 
an  intercurrent  infection  upon  nephrosis. 

The  two  mechanisms  are  independent  of  each  other.  Thus,  we  hav^e 
chronic  and  even  advanced  glomerulonephritis  without  any  nephrotic 
features  and  we  have  pure  nephrosis  without  any  glomerular  involvement. 
Frequently  both  mechanisms  are  active.  The  initial  glomerular  process 
may  recede  and  the  nephrotic  syndrome  may  remain  and  lead  to  a  post- 
nephritic  nephrosis. 


INVOLVEMENT  OF  THE  HEART  IN  SARCOIDOSIS  OR  BESNIER- 
BOECK-SCHAUM ANN'S  DISEASE 

WARFIELD  T.  LOXGCOPE,  M.D.  and  A.  MURRAY  FISHER,  M.D. 

[From  the  Medical  Clinic,  the  School  of  Medicine,  Johns  Hopkins 
University  and  Hospital] 

It  is  now  well  recognized  that  sarcoidosis,  benign  Ijrmphogranuloma,  or 
Besnier-Boeck-Schaumann's  disease,  may  affect  any  organ  or  tissue  in  the 
body  and  on  this  account  it  appears  in  a  great  variety  of  clinical  forms. 
In  the  vast  number  of  publications  on  the  subject,  much  attention  has 
been  paid  to  the  lesions  in  the  skin  and  in  the  bones;  to  the  changes  in  the 
lungs  and  lymph  nodes;  to  the  involvement  of  the  structures  of  the  eye 
and  of  various  portions  of  the  nervous  system.  On  the  other  hand,  only 
occasional  references  have  been  made  to  the  important  though  somewhat 
less  frequent  effects  which  the  disease  produces  upon  the  heart  and  the 
circulatory  system.  The  paucity  of  autopsies  upon  cases  of  sarcoid  may 
well  have  some  bearing  on  this  matter,  but  in  1935  Salvesen  (1)  first 
directed  particular  notice  to  this  phase  of  the  subject  when  he  recorded 
the  history  of  a  patient  with  Boeck's  sarcoid  whose  electrocardiograms 
showed  bundle  branch  block  alternating  with  a  regular  rhythm.  The 
alterations  in  the  electrocardiogram  were  interpreted  as  being  caused  by 
a  nodule  in  the  myocardium.  Though  there  was  no  autopsy  Salvesen 
attributed  these  effects  to  an  invasion  of  the  myocardium  by  sarcoid. 

Since  that  time  little  attention  has  been  paid  to  the  interesting  and 
serious  effects  which  may  arise  from  involvement  of  the  heart  and  its 
surrounding  structures.  In  the  reviews  by  Pinner  (2)  and  Snapper  (3) 
the  subject  is  scarcely  mentioned;  and  Pautrier  (4)  in  his  large  monograph 
on  Boeck's  Sarcoid  does  little  more  than  allude  to  the  occasional  involve- 
ment of  the  heart.  Palmer  (5)  in  a  recent  review  accords  the  subject  a 
short  paragraph;  Schaumann  (6)  has  pointed  out  that  heart  failure  may 
occur  as  a  complication  in  some  patients. 

When  lesions  have  been  found  in  the  heart  at  post-mortem  they  have 
usually  been  recorded  as  curiosities,  but  an  actual  survej'  of  the  distribu- 
tion of  anatomical  lesions,  recorded  at  autopsies,  shows,  nevertheless,  that 
the  presence  of  sarcoids  in  the  myocardium  or  pericardium  is  not  very  rare. 
This  occurred  in  4  of  the  21  recorded  autopsies  which  it  has  been  possible 
to  analyze  (Bernstein,  Konzelmann  and  Sidlick  (7);  Schaumann  (6); 
Nicherson  (8)  and  Cotter  (9)).  It  is  worthy  of  note  that  in  at  least  three 
of  these  patients  symptoms  of  myocardial  failure  were  present  during  life. 
Schaumann  (10),  who  in  1914  first  emphasized  the  fact  that  Boeck's 
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sarcoid  was  a  generalized  disease,  describes  one  case  in  which  tlie  heart 
during  Ufe  was  enlarged,  and  in  which  an  electrocardiogram  showed  right 
sided  preponderance  and  a  second  case  in  which  extrasystoles  were  noted. 
In  the  first  instance  the  heart  was  found  to  be  enlarged  at  autopsy  and 
sarcoids  were  discovered  in  the  pericardium.  In  the  second  case  the  heart 
was  normal  at  autopsy'  and  free  from  sarcoids.  One  of  Xickerson's  six 
patients  was  dyspneic  during  life  and  was  found  to  have  an  enlarged  heart. 
At  autopsy  sarcoids  were  scattered  thiough  the  myocardium  and  peri- 
cardium. 

The  fatal  case  reported  by  Cotter  (9)  is  of  especial  interest.  The  pa- 
tient was  a  colored  bo.y  of  18  whose  chief  symptoms  were  fatigue,  cough, 
dyspnea,  orthopnea  and  edema  of  the  ankles.  He  showed  an  enlarged 
heart,  with  precordial  bulge,  and  venous  congestion.  The  second  pul- 
monic sound  was  accentuated  but  there  were  no  murmurs.  The  blood 
pressure  was  140  systolic  and  110  diastolic.  There  were  rales  over  the 
bases  of  the  lungs  and  slight  anemia.  The  evidences  of  myocardial  failure 
were  progressive.  Electrocardiograms  showed  at  first  sinus  rhythm  and 
tachycardia  with  arborization  block.  The  arrhythmia  changed  later  to 
auricular  fibrillation,  complete  heart  block  and  alternating  pacemaker. 
At  autopsy  there  was  extensive  infiltration  of  the  mj^ocardium  and  peri- 
cardium by  sarcoid,  accompanied  by  considerable  fibrosis.  Harrell  (11) 
has  recorded  electrocardiograms  from  8  of  his  11  patients.  Prominent  P 
waves  were  present  in  2  and  flat  or  inverted  T  waves  were  found  in  2. 
There  were  no  symptoms  or  physical  signs  in  these  patients  which  would 
lead  one  to  suppose  that  there  were  anatomical  lesions  of  the  heart  or 
disturbance  in  its  function.  In  the  four  remaining  cases  the  electrocardio- 
grams were  normal. 

A  survey  has  recently  been  made  of  31  cases  of  sarcoid  or  benign  lympho- 
granulomatosis (Schaumann)  which  have  been  studied  at  the  Johns  Hopkins 
Hospital  during  the  last  15  years  (12).  Six  of  these  patients  presented 
evidence  during  life  of  some  derangement  of  the  heart's  action  or  showed 
at  autopsy  sarcoids  in  the  myocardium  or  pericardium  or  in  both  situations. 
In  one  of  these  fatal  cases  which  came  to  autopsy  there  were  during  life  no 
symptoms  or  signs  to  suggest  disease  of  the  heart;  and  in  this  instance  only 
scattered  .solitary  sarcoids  were  found  on  microscopical  examination  of  the 
myocai'dium.  Of  the  remaining  five  patients,  three  died.  Autopsy  in  two 
showed  extensive  involvement  of  the  myocardium  by  sarcoids  in  one  of 
these  associated  with  dense  scars.  A  detailed  account  of  the  pathological 
lesions  found  in  these  patients  will  be  publi-shed  by  Dr.  Vandergrift.  In 
selecting  these  five  cases  for  consideration  several  patients  with  more  or 
less  severe  dyspnea  have  been  excluded  for  in  them  the  extent  of  disease 
of  the  lungs  or  mediastinum  was  sufficient  to  account  for  their  symptoms. 
Though  there  may  have  been  involvement  of  the  heart  and  pericardium 
in  addition  there  were  no  actual  signs  to  indicate  that  this  had  occurred. 
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CASE  REPORTS 

Case  1.  History  (Adm.  111899).  The  first  patient,  a  colored  woman  28  years  of 
age  was  admitted  to  the  Johns  Hopkins  Hospital  on  July  27,  1937.  She  had  had 
"mumps"  as  a  child  but  otherwise  had  been  well  until  about  the  first  of  June  1937 
when  she  felt  sluggish  and  began  to  lose  weight.  A  scaling  eruption  appeared  on  the 
arms  and  legs,  there  was  blurring  of  vision  and  redness  of  eyes.  On  June  24  she  was 
found  to  have  a  conjunctivitis  with  pericorneal  injection.  A  few  days  later  she  be- 
came hoarse,  coughed,  noticed  a  lump  in  the  throat,  had  difficulty  in  swallowing  and 
regurgitated  fluids  through  the  nose.  On  June  28  paralj-sis  of  the  right  vocal  cord 
was  observed.  On  July  1  the  liver  and  spleen  were  found  to  be  enlarged,  and  the 
teleoroentgenogram  made  on  July  2  showed  bilateral  enlargement  of  bronchial  lymph 
nodes  with  diffuse  infiltration  throughout  the  lungs.  The  heart,  itself,  was  not 
enlarged,  the  shadow  measuring  10.5  cm.  in  transverse  diameter  (fig.  1).    On  July  16 


Fig.  1  Fig.  2 

Fig.  1.  Case  1.  Teleroentgenogram  of  chest  made  on  July  2,  1937,  showing  en- 
largement of  peribronchial  lymph  nodes  and  diffuse  filmy  infiltration  of  lungs  without 
enlargement  of  heart. 

Fig.  2.  Case  1.  Teleroentgenogram  April  11,  1940  showing  decrease  in  size  of 
peribronchial  Ij-mph  nodes,  some  filmy  infiltration  of  lungs,  noticeable  increase  in 
size  of  heart. 

there  was  a  positive  reaction  to  0.1  mg.  of  old  tuberculin.  By  July  22  she  was  unable 
to  swallow  liquids  without  regurgitation  and  an  examination  showed  weakness  of  the 
soft  palate,  of  the  left  pharj-ngeal  muscles  and  left  vocal  cord. 

Examination.  On  admission  to  the  hospital  she  was  found  to  have  a  mild  irregular 
fever,  slightly  scaly  somewhat  elevated  eruption  over  the  legs,  enlargement  of  the 
axillary  lymph  nodes,  conjunctivitis  and  episcleritis,  paralysis  of  the  palate  and  of 
the  left  vocal  cord  with  weakness  of  the  sterno-mastoid  and  lower  two-thirds  of  the 
trapezius  muscles  on  the  left,  and  enlargement  of  the  liver  and  spleen.  The  heart 
was  not  enlarged,  the  dulness  reached  8  cm.  to  the  left  in  the  fifth  space  and  2.-5  cm. 
to  the  right  in  the  fourth  space.  There  were  no  murmurs  or  accentuations.  Pulse 
rate,  100  per  minute.    Blood  pressure  was  120  systolic  and  70  diastolic.    An  electro- 
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cardiograin  made  on  July  2  showed  a  P-Il  interval  of  0.16  seconds;  the  QRS  duration 
normal;  normal  sinus  rhythm;  Ti  and  T->  upright,  T3  inverted;  ventricular  extra- 
systoles  and  levogram.  A  teleroentgenogram  made  on  July  28  showed  much  the 
same  condition  as  on  July  2.  The  red  blood  cells  were  5,200,000;  hemoglobin  110 
per  cent,  sedimentation  rate  18  millimeters,  leucocj'tes  5,500,  polymorphonuclear 
neutrophilcs  66  per  cent,  cosinophiles  4  per  cent,  lymphocytes  24  per  cent,  monocytes 
6  per  cent.  The  Wassermann  reaction  was  negative,  the  non-jjrotein  nitrogen  of  the 
blood  30  mg.  per  cent  and  the  plasma  proteins  6.01  grams  per  cent. 

Course.  The  fever  continued  and  by  .\ugust  2  the  left  arm  was  weak  and  the 
reflexes  diminished.  On  August  2  the  bromsulphalein  test  showed  25  per  cent  reten- 
tion. On  August  7  a  tender  nodule  appeared  in  the  left  parotid  gland.  By  August 
21  there  was  improvement  of  the  various  pareses.  By  September  8  the  temperature 
was  normal.  An  electrocardiogram  made  on  September  9,  when  digitalis  had  not 
been  administered,  showed  practically  the  same  changes  as  on  Julj'  2.  On  September 
10  on  microscopic  examination  the  lesions  of  the  skin  showed  the  typical  changes  of 
sarcoid.  By  September  16  she  was  much  better,  the  sedimentation  rate  had  fallen 
to  7  mm.,  the  leucocytic  count  was  6,000  with  polj-morphonuclear  neutrophiles  58 
per  cent,  eosinophils  13  per  cent,  lymphocytes  23  per  cent,  monocytes  6  per  cent. 
On  September  IS  the  total  plasma  proteins  were  6.3  grams  per  cent  and  the  albumin- 
globulin  ratio  was  58/42.  She  continued  to  improve  and  she  was  discharged  from  the 
hospital  on  October  18,  1937. 

Follow-up  Course.  She  was  not  seen  again  until  April  1940.  On  April  25,  1940  she 
seemed  well  but  complained  of  slight  shortness  of  breath.  The  heart  was  somewhat 
enlarged.  There  was  a  loud  systolic  murmur  at  the  cardiac  apex  with  occasional 
extrasystoles.  A  teleroentgenogram  made  on  April  11,  1940  (fig.  2)  showed  an 
increase  in  the  size  of  the  heart  above  that  noted  three  years  previously,  the  trans- 
verse diameter  now  being  13  cm.  The  shadows  at  the  hila  were  not  so  dense  but  there 
was  some  infiltration  of  the  lower  right  lung.  The  electrocardiograms  now  showed 
P-R  interval  of  0.16  seconds;  QRS  of  normal  duration,  rate  103;  sino-auricular 
rhythm;  Ti  and  T2  higher  than  before;  T3  has  become  isoelectric;  T4  is  upright.  The 
electrical  axis  has  shifted  from  levogram  to  normal.  The  liver  and  spleen  were  not 
palpable.  The  blood  proteins  were  7.62  grams  per  cent,  the  albumin-globulin  ratio 
was  40/60. 

During  the  acute  attack  of  uveoparotid  fever  with  widely  disseminated  sarcoidosis 
it  is  likely  that  the  heart  of  this  patient  may  have  become  involved  in  the  process. 
Following  the  attack  the  heart  enlarged  and  three  years  later  there  was  evidence  of 
slight  myocardial  insufficiency. 

Case  2.  History  (Adm.  155971).  The  second  patient  was  a  colored  man  29  years  of 
age  who  was  admitted  to  the  Johns  Hopkins  Hospital  on  December  14, 1938  complain- 
ing of  weakness,  dizzy  spells  and  pain  in  his  joints.  The  family  history  was  unim- 
portant. In  recent  years  his  health  had  been  poor.  He  had  had  occasional  attacks 
of  tonsillitis  but  no  evidence  of  rheumatic  fever.  He  had  contracted  gonorrhea  in 
1929.  In  1932  he  was  seen  in  the  out-patient  department  complaining  of  shortness  of 
breath  and  difficulty  in  vision.  He  was  found  to  have  acute  bilateral  uveitis  and 
by  x-ray  examination  an  irregular  well  outlined  mass  was  seen  in  the  superior 
mediastinum  without  enlargement  of  the  heart  shadow.  It  measured  11.75  cm.  in 
total  width  (fig.  3). 

He  gradually  improved  but  in  1937  experienced  weakness  and  dizzy  spells  and  it 
was  found  in  November  that  though  the  mediastinal  mass  was  smaller  the  bronchial 
nodes  were  still  enlarged  (fig.  4).  The  weakness  increased  in  severity  and  later  he 
developed  pain  in  his  joints. 

Examination.    On  admission  to  the  hospital  he  was  found  to  be  tall,  fairly  well 
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nourished  with  a  high  pitched  voice  and  feminine  configuration  of  the  body.  The 
fingers  were  long;  there  was  slight  generalized  edema  of  subcutaneous  tissue,  and 
sj'nechiae  about  the  left  iris  with  scars  in  the  retina.  The  left  axillary  lymph  nodes 
were  enlarged.  The  lungs  were  clear  to  percussion  and  auscultation.  The  cardiac 
impulse  was  diffuse  9.5  cm.  to  left  in  fourth  space.  The  heart  was  enlarged,  the  dul- 
ness  extending  10  cm.  to  left  in  fifth  space  and  5  cm.  to  right  in  fourth  space.  The 
heart  sounds  were  loud,  the  second  pulmonic  split  and  there  were  numerous  extrasys- 
toles.  There  were  no  murmurs.  The  blood  pressure  was  110  to  125  systolic  and  80 
diastolic.  A  teleroentgenogram  made  on  December  20, 1938  showed  a  shadow  in  the 
superior  mediastinum  smaller  than  that  previously  observed,  but  a  noticeable  in- 
crease in  the  size  of  the  heart  shadow  which  measured  15.5  cm.  in  total  width  (fig.  5). 
An  electrocardiogram  made  on  December  17,  1938,  when  he  had  not  had  digitalis, 
showed  a  P-R  interval  of  0.26  seconds  and  a  QRS  interval  of  0.11  seconds  with  bundle 


Fig.  3  Fig.  4 

Fig.  3.  Case  2.    Teleroentgenogram  showing  large  irregular  shadow  in  superior 

mediastinum  without  enlargement  of  the  heart,  made  in  1932. 

Fig.  4.  Case  2.    Teleroentgenogram  showing  decrease  in  mass  in  mediastinum 

with  enlargement  of  heart,  made  on  November  28,  1937. 


branch  block.  On  December  28  the  QRS  interval  was  0.12  and  the  characteristic 
changes  of  bundle  branch  block  persisted.  The  abdomen  was  protuberant,  the  liver 
was  felt  below  the  costal  margin,  the  spleen  was  not  palpable.  There  was  little  hair 
on  body,  the  crines  pubis  of  feminine  type.  The  prostate  could  not  be  felt.  The 
vibratory  sense  was  diminished  in  the  legs  and  arms. 

The  tuberculin  reaction  was  negative  to  10.0  mg.  of  old  tuberculin.  The  Wasser- 
mann  reaction  was  negative.  The  leucocj'tes  were  4,100,  with  polymorphonuclear 
neutrophiles,  49  per  cent;  eosinophiles,  9  per  cent;  lymphocytes,  34  per  cent;  mono- 
cytes, 7  per  cent.  The  total  plasma  proteins  were  8.5  grams  per  cent;  albumin- 
globulin  ratio  46/54.  The  blood  calcium  was  10.5  mg.  per  cent;  the  phosphorous  4.4 
mg.  per  cent.  The  venous  pressure  was  70  to  80  mm.  of  water.  An  axillary  lymph 
node  was  removed  which  proved  to  show  changes  typical  of  sarcoid.  On  July  9, 
1939  an  electrocardiogram  showed  a  condition  similar  to  that  on  December  17  (fig.  6). 

Course.  He  left  the  hospital  slightly  improved  but  returned  on  February  24,  1939 
complaining  of  dizzy  spells,  headache  and  mental  confusion.    The  temperature  was 


Fig.  5  Fig.  7 

Fig.  5.  Case  2.  Tolcroentgenogram  made  December  20,  1938  showing  still  further 
increase  in  size  of  the  heart. 

Fig.  7.  ('ase  2.  Teleroentgenogram  made  on  May  29,  1939  showing  still  further 
enlargement  of  the  heart. 
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Fig.  6.  Case  2.  Electrocardiogram  made  on  January  9, 1939  showing  prolongation 
of  P-R  interval,  bundle  branch  block  and  extrasystoles. 
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100.4°F.  There  was  little  change  in  his  general  condition.  There  was  slight  cj'anosis 
but  no  edema.  The  heart  attracted  particular  attention  on  account  of  its  enlarge- 
ment without  murmurs  but  with  loud  second  sounds  at  the  base.  The  point  of 
maximum  impulse  was  in  the  fourth  space  9  cm.  to  the  left  of  midline.  The  dulness 
reached  10.5  cm.  to  the  left  in  the  fifth  space  and  5  cm.  to  right  in  fourth  space.  The 
blood  pressure  was  130  systolic  and  70  diastolic.  The  liver  and  spleen  were  not  felt. 
There  was  pitting  edema  over  the  shins.  A  teleroentgenogram  made  on  February 
29  and  again  on  May  29  (fig.  7)  showed  persistent  enlargement  of  the  heart  shadow 
which  measured  15.25  cm.  in  total  width.  An  electrocardiogram  made  on  March  6, 
1939,  when  he  had  not  had  digitalis,  showed  a  rate  of  100:  P-R  interval  0.28  second; 


Fig  8  Case  2.  Electrocardiogram  made  March  6,  1939  showing  much  prolonga- 
tion of  P-R  interval,  bundle  branch  block  and  e.xtrasystoles.  Note  changes  in 
T  waves  from  Fig.  6. 

QRS  duration  0.12  second;  "T,  slightly  inverted;  T^  and  T3  upright;  T  wave  in  chest 
lead  inverted  and  one  premature  contraction.  There  have  been  some  changes  in  the 
T  waves  since  the  last  record,  indicating  myocardial  damage  with  changing  condi- 
tion" (fig.  8).  He  remained  in  the  hospital  until  March  6  during  which  time  he  had 
shght  fever  varying  from  99  to  100.2°F,  but  since  his  condition  did  not  alter  materially 
he  was  discharged  on  March  6  and  observed  in  the  out-patient  department.  He  was 
last  seen  on  September  12,  1939  when  there  was  little  change  in  his  symptoms,  phys- 
ical condition  or  x-rav.    He  died  in  December  1939. 

Comment.  It  is  difficult  to  explain  the  cardiac  abnormalities  in  this  patient  unless 
one  assumes  that  the  heart  was  involved  in  some  manner  by  the  lymphogranuloma- 
tous  process.    The  persistent  bundle  branch  block  and  progressive  enlargement  of 
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the  hc'iirt  without  evidoiici'  of  disease  of  the  valves  and  in  the  absence  of  arterio- 
selerosis,  nephritis,  or  syphilis  lead  to  the  conclusion  that  the  damage  was  produced 
by  sarcoidosis  of  the  myocardium  or  pericardium  or  both. 

Case  3.  History  (Adm.  20067S).  The  third  i)atient  was  a  colored  boy  20  years  of 
age  who  was  admitted  to  the  Johns  Hopkins  Hospital  on  June  2,  1940.  Early  in  May 
1940  lie  had  been  attacked  suddenly  with  abdominal  pain  and  nausea.  Later  he 
started  to  cough,  became  progressively  short  of  breath  and  his  feet  swelled. 

Exaininalion.  He  was  admitted  to  the  hospital  in  desperate  straits,  with  a  tem- 
perature of  101  °F.,  extreme  dyspnea,  orthopnea,  cyanosis,  tachycardia  and  extensive 
edema.  There  was  some  enlargement  of  all  the  superficial  lymph  nodes  and  engorge- 
ment of  the  veins  of  the  neck.  The  venous  pressure  was  370  mm.  of  saline.  The 
anasarca  shifted  to  some  extent  and  was  most  prominent  on  the  right  side.  Theie 


Fic.  9a.  Case  3.  Teleroentgenogram  made  on  May  S,  1940.  Extensive  clouding 
of  right  lung  and  miliary  mottling  of  left. 

Fig.  9b.  Case  3.  Teleroentgenogram  made  on  May  14,  1941  showing  persistence  of 
small  shadow  in  right  lung,  clearing  of  left  lung  and  displacement  of  the  heart  to 
the  right. 


were  signs  of  partial  consolidation  of  the  upper  portion  of  left  lung,  with  r^les 
throughout  both  lungs  and  evidences  of  fluid  in  the  right  chest.  The  heart  was  not 
obviously  enlarged,  the  dulness  extending  7  cm.  to  the  left  in  the  fifth  space.  The 
sounds  were  loud  with  a  blowing  systolic  murmur  over  the  precordium.  The  blood 
pressure  was  120  systolic  and  60  diastolic.  An  x-ray  made  on  May  8  showed  a  dense 
shadow  in  the  upper  right  chest  with  clouding  of  the  lower  right  and  shadows  at  the 
left  root  (fig.  9  a) .  There  was  cough  with  some  bloody  expectoration.  The  abdomen 
Wiis  distended,  the  liver  protuberant  and  greatly  enlarged,  the  spleen  readily  palpable 
and  firm.  The  lower  extremities  and  right  side  of  body  were  much  swollen.  The 
hemoglobin  was  105  per  cent:  the  red  blood  cells  5,300,000;  leucocytes  6,300,  with 
polymorphonuclear  neutrophiles,  SI  per  cent;  lymphocytes,  18  per  cent;  monocytes, 
1  per  cent.  The  sedimentation  rate  was  26  mm.  The  urine  on  admission  showed 
albumin  3  plus  with  occasional  leucocytes  and  casts.  An  x-ray  examination  of  the 
chest  made  in  May  showed  a  shadow  in  the  upper  right  chest  with  innumerable 
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miliary  shadows  in  the  left  lung.  An  x-ray  made  in  June  showed  dense  clouding  of 
the  entire  right  chest  with  shadows  at  the  left  root.  The  non-protein  nitrogen  of  the 
blood  was  40  mg.  per  cent,  the  total  plasma  proteins  6.35  grams  per  cent. 

Course.  It  was  evident  that  he  was  suffering  from  severe  cardiac  insufficiency, 
combined  with  an  extensive  pathological  process  in  the  right  lung.  On  June  4,  30  cc. 
of  straw  colored  fluid  was  removed  from  the  right  chest.  He  became  more  dyspneic 
and  was,  therefore,  placed  in  an  oxygen  tent  and  given  digitalis.  An  electrocardio- 
gram made  on  June  15,  1940,  after  he  had  had  digitalis  for  8  days,  showed  a  sinus 
tachycardia;  P-R  interval  of  0.17  seconds;  an  inversion  of  T  wave  in  the  first  lead;  a 
diphasic  T  wave  in  the  second  lead;  an  upright  T  wave  in  the  third  lead;  and  an  in- 
verted T  wave  in  the  fifth  lead.  In  view  of  the  fact  that  the  patient  had  received 
digitalis  the  interpretation  of  these  changes  was  not  entirely  clear,  but  they  were  read 
as  indicating  some  myocardial  damage.  The  tuberculin  reaction  was  negative  to 
0.01  mg.  and  1  mg.  of  old  tuberculin.    The  sputum  showed  no  tubercle  bacilli. 

There  was  a  gradual  improvement  but  on  June  18  he  was  still  cyanotic  and  the 
venous  pressure  was  268  mm.  of  water.  By  June  22  the  edema  had  disappeared  and 
albumin  was  no  longer  present  in  the  urine.  There  were  numerous  rales  over  the 
chest,  there  was  a  systolic  murmur  over  the  entire  precordium  and  the  second  pul- 
monic sound  was  loud.  By  June  25  the  liver  could  still  be  readily  felt  and  the  spleen 
was  palpable  and  firm.  One  of  the  enlarged  lymph  nodes  was  removed  for  histo- 
logical examination.  It  showed  typical  sarcoid  in  both  the  fresh  and  the  healing 
stages.  An  x-ray  examination  of  the  hands  showed  a  few  small  areas  of  decalcifica- 
tion in  the  phalanges. 

There  was  progressive  improvement  and  the  patient  left  the  hospital  in  compara- 
tive comfort  on  August  12,  1940. 

Follow-up  Course.  During  the  autumn  and  winter  of  1940  and  1941  he  remained 
in  fair  health,  doing  light  work  without  noticeable  dyspnea,  and  gaining  some  weight. 
On  May  14,  1941  he  stated  that  he  was  working  and  felt  well.  He  was  still  thin  and 
underdeveloped.  There  was  no  dyspnea  or  cyanosis.  There  was  a  flat  oval,  slightly 
raised  scalj'  eruption  over  the  forearms  which  had  appeared  during  the  spring.  The 
lymph  nodes  in  the  axillae  were  enlarged.  The  trachea  was  deviated  to  the  right. 
The  upper  right  chest  was  flattened  and  over  this  region  both  anteriorly  and  poste- 
riorly the  percussion  note  was  extremely  dull,  the  breath  sounds  tubular  and  accom- 
panied by  a  few  fine  rales.  There  was  dulness  at  the  right  base  with  some  suppression 
of  breath  and  voice  sounds.  The  cardiac  impulse  was  felt  in  fifth  space  6  cm.  from 
midline.  The  area  of  cardiac  dulness  was  not  increased  measuring  7  cm.  to  the  left 
in  the  sixth  space;  the  border  on  the  right  was  obscured  by  the  dulness  over  the  lung. 
The  sounds  were  clear.  There  was  no  engorgement  of  the  cervical  veins.  The  tele- 
roentgenogram made  on  ^lay  14,  1941  showed  dense  clouding  over  the  right  upper 
chest.    The  mediastinum  was  displaced  to  the  right  (fig.  9  b). 

The  liver  was  not  definitely  palpable  but  the  firm  rounded  margin  of  the  spleen 
protruded  from  beneath  the  costal  margin.  There  was  no  edema.  The  examination 
of  the  blood  showed  hemoglobin  12.4  grams  (85  per  cent):  red  blood  cells  4,740,000; 
leucocytes  5,500;  polymorphonuclear  neutrophiles,  79  per  cent;  lymphocytes,  17  per 
cent;  monocytes,  3  per  cent;  eosinophiles,  1  per  cent;  sedimentation  rate,  22  mm. 
Tubercuhn  reaction  negative  to 0.01  mg.  to  1.0 mg.  and  to  10.0 mg.  of  old  tuberculin. 
The  total  plasma  proteins  were  8.20  grams  per  cent;  the  alVjumin-globulin  ratio  was 
47/53;  the  blood  calcium  9.5  mg.  per  cent,  the  phosphorous  4.4  mg.  per  cent. 

He  had  continued  to  take  with  some  regularity  0.1  gram  of  powdered  digitalis  daily. 
The  electrocardiogram  showed  a  P-R  interval  of  0.24  seconds;  the  QRS  duration  was 
normal;  there  was  normal  sinus  rhythm  and  normal  axis  deviation;  Ti  and  T:  were 
upright;  T3  was  diphasic;  T4  was  slightly  inverted;  and  S-T4  was  elevated.  There 
was  first  degree  heart  block  and  evidences  of  myocardial  damage  not  accounted 
for  by  digitalis. 
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Comment.  It  is  obvious,  in  this  patient,  that  the  right  hmg  and  mediastinum  were 
and  still  are  extensively  involved  in  the  process.  It  seems  highly  improbable,  how- 
ever, that  the  pulmonary  lesion  could  of  itself  be  entirely  responsible  for  the  symp- 
toms and  signs  of  myocardial  failure  which  formed  such  a  prominent  feature  of  the 
acute  illness.  It  is  reasonable,  therefore,  to  suppose  that  the  myocardium,  and 
possibly  the  pericardium,  were  also  invaded  by  sarcoid.  The  result  was  serious 
interference  with  the  heart's  action. 

Case  4.  History  (Adm.  217982).  The  fourth  patient  was  a  colored  man  42  years  of 
age  who  entered  the  Johns  Hopkins  Hospital  on  January  8,  1940  complaining  of 
attacks  of  dizziness  and  fainting  accompanied  by  pain  over  the  heart.  He  had  been 
seen  at  intervals  in  the  out-patient  department  for  ten  years,  for  in  1932  he  was  found 
to  have  attacks  of  Adams-Stokes  syndrome  with  some  enlargement  of  the  heart,  an 


Fig.  10  Fig. 11 

Fig.  10.  Case  4.  Teleroentgenogram  made  on  April  15,  1933  showing  heart  of 
comparatively  normal  size. 

Fig.  11.  Case  4.  Teleroentgenogram  made  on  January  9,  1941  showing  great 
enlargement  of  the  heart  and  shadows  at  roots  of  lungs. 


inconstant  diastolic  murmur  along  the  left  border  of  the  sternum,  slow  pulse  and 
complete  auricular-ventricular  dissociation  in  the  electrocardiogram.  The  Wasser- 
mann  reaction  was  positive.  He  was  treated  intensively  for  syphilis.  On  April  15, 
1933  a  teleroentgenogram  showed  the  heart  shadow  to  be  12.25  cm.  in  transverse 
diameter  (fig.  10).  He  gradually  improved  and  had  been  free  from  his  attacks  of 
giddiness  and  sj-ncope  for  about  seven  years  when  three  weeks  before  admission  the 
attacks  of  giddiness  and  syncope  returned  and  were  accompanied  by  pains  over  the 
heart. 

Examination.  He  was  a  well  developed  man,  the  temperature  was  not  elevated, 
and  he  did  not  appear  ill.  There  was  slight  enlargement  of  some  of  the  superficial 
lymph  nodes.  There  was  no  dyspnea,  cyanosis  or  edema.  The  lungs  were  clear  to 
percussion  and  auscultation.  The  heart  was  much  enlarged  extending  in  the  tele- 
roentgenogram 11.0  cm.  to  the  left  and  6.5  cm.  to  the  right,  a  total  diameter  of  17.5 
cm.  (fig.  11).    The  cardiac  impulse  was  forceful  and  felt  in  the  fifth  space  9  cm.  to  the 
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left  of  the  midline.  The  rate  was  slow  averaging  40  beats  per  minute.  At  times 
e.xtrasystoles  were  audible.  There  was  a  systolic  and  diastolic  murmur  along  the 
left  border  of  the  sternum.  The  blood  pressure  was  130  systolic  and  80  diastolic. 
The  abdomen  was  soft.  The  liver  was  readily  palpable,  the  spleen  could  be  felt  well 
below  the  costal  margin.  The  blood  count  showed  hemoglobin,  15  grams  (105  per 
cent);  red  blood  cells,  5,360,000;  leucocytes,  7,200;  polymorphonuclear  neutrophils, 
74  per  cent;  eosinophils,  2  per  cent;  lymphocytes,  21  per  cent ;  monocj'tes,  3  per  cent; 
sedimentation,  rate  8  mm.  The  urine  showed  no  abnormalities.  The  Wassermann 
reaction  was  positive  in  spite  of  antisyphilitic  treatment  from  1930  to  1933.  Electro- 
cardiograms were  made  on  several  occasions  and  each  showed  complete  auricular- 
ventricular  dissociation  with  ventricular  e.xtrasystoles  (fig.  12).  The  blood  non-pro- 
tein nitrogen  was  30  mg.  per  cent.  The  total  proteins  6.44  mg.  The  albumin-globulin 
ratio  was  54/46.  The  Van  den  Bergh  was  delayed  biphasic  and  the  bilirubin  was  2.3 
mg.  per  cent;  the  cholesterol  was  244  mg.  per  cent;  the  phosphatase  activity  was  12.3 
units.  There  was  30  per  cent  retention  of  bromsulphalein.  There  was  constantly 
slight  fever  varying  from  99  to  100.8°F.  by  rectum  and  occasionally  reaching  101°F. 
The  electrocardiograms  were  as  follows : 


DATE 

RATE 

VEN- 
TRICLE 

AURI- 
CLE 

QRS 

Ti 

Ts 

T, 

S-T&F 

u 

1/  9/41 

44 

107 

0.12 

Inverted 

Isoelec- 
tric 

Upright 

Elevated 

Depressed 

1/11/41 

37 

101 

0.12 

Inverted 

Biphasic 

Upright 

Elevated 

Depressed 

1/14/41 

30 

83 

0.13 

Inverted 

Biphasic 

Upright 

Elevated 

Depressed 

1/21/41 

32 

100 

0.12 

Less  in- 
verted 

Upright 

More 
deep- 
ly in- 
verted 

1/29/41 

45 

107 

0.10 

Inverted 

Upright 

More 
deep- 
ly in- 
verted 

Depressed 

Course.  The  patient  was  considered  to  have  syphilitic  aortitis  with  syphilis  of  the 
heart,  complete  heart  block  due  probably  to  an  old  gumma,  and  cirrhosis  of  the  liver. 
Under  observation  there  were  no  attacks  of  Adams-Stokes  syndrome.  He  became 
mentally  deranged  and  committed  suicide.  An  autopsy,  performed  by  Dr.  Gregory, 
showed  that  the  aorta  was  delicate  and  free  from  any  evidence  of  syphilis.  The 
aortic  valves  were  normal.  There  was  a  dense  scar  in  the  interventricular  septum 
and  microscopically  fresh  and  old  sarcoids  were  scattered  through  the  myocardium, 
pericardium,  pleura,  lungs,  spleen,  liver  and  kidnej's. 

Comment.  It  would  be  impossible  to  exclude  syphilis  as  a  cause  of  the  area  of 
fibrosis  which  evidently  involved  the  bundle  of  His  and  thus  gave  rise  to  the  auricular- 
ventricular  dissociation,  but  it  can  only  be  said  that  there  were  no  lesions  found 
that  could  be  ascribed  to  syphilis  and  that  the  only  abnormality  discovered  was  the 
widely  disseminated  sarcoidosis. 

Case  5.  The  fifth  and  last  patient,  a  colored  man  40  years  of  age,  was  not  seen 
during  life  for  he  dropped  dead  on  his  doorstep  when  he  was  supposed  to  be  in  good 
health.  The  autopsy  was  performed  by  Dr.  Vandergrift ,  who  found  marked  enlarge- 
ment of  the  superficial,  mediastinal,  mesenteric  and  retroperitoneal  lymph  nodes, 
large  masses  about  the  great  vessels  of  the  thorax  with  extensive  infiltration  of  the 
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pericardium  and  myocardium  by  similar  masses  and  nodules  in  the  skin  of  the  penis. 
Mieroscopically  the  tissue  was  found  to  be  composed  of  sarcoids  which  in  addition 
were  disseminated  through  the  lungs,  liver,  kidneys,  spermatic  cords  and  cerebral 
dura. 

In  the  remainder  of  our  patients  an  examination  of  the  cardiovascular  system  has 
not  shown  any  abnormalities  and  electrocardiograms  from  five  of  these  presented  no 
remarkable  deviation  from  the  normal,  though  in  one  there  was  slight  elevation  of  the 
RST  segment  in  leads  II  and  III.    The  T  waves  were  upright  in  all  leads;  the  P-R 


Fig.  12.  Case  4.  Electrocardiograms  made  January  11,  1941  showing  complete 
auricular-ventricular  dissociation  with  prolongation  of  QRS  interval. 

interval  was  0.19  second  and  the  QRS  normal.  The  electrocardiogram  showed 
low  resistance. 

DISCUSSION 

From  our  own  experioncp  and  from  that  of  others  it  is  evident  that  benign 
l\-mphogranuloma  or  sarcoid  may  invade  both  the  myocardium  and  the 
pericardium.  This  has  been  observed  in  seven  instances  at  autopsy 
so  that  it  is  not  an  extremely  unusual  occurrence.  The  recognition  of 
this  condition  during  hfe  may  in  some  cases  be  impossible  for  at  times 
the  lesions  in  the  myocardium  are  scarce  and  widely  scattered  so  that 
they  do  not  interfere  with  the  function  of  the  heart.  When,  however, 
the  nodules  are  collected  in  large  groups  or  when  they  occur  in  particular 
situations  they  may  give  rise  to  a  variety  of  signs  and  result  in  serious 
interference  with  the  fimction  of  the  heart.  Enlargement  of  the  heart 
appears  to  be  common  and  occurred  in  four  of  our  patients.  It  is  note- 
worthy that  the  enlargement  may  not  be  accompanied  by  murmurs. 
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Different  forms  of  arrhythmia  with  abnormalities  in  the  electrocardio- 
gram seem  to  be  common.  These  may  be  transient,  as  noted  by  Salvesen, 
or  may  change  from  one  type  to  another  as  was  the  case  in  the  patient 
reported  by  Cotter.  Persistent  alterations  in  the  T  waves  occurred  in  one 
of  our  patients.  Arborization  block  has  been  noted  and  was  present  in  one 
of  the  patients  in  this  series.  Complete  and  permanent  auricular-ventric- 
ular dissociation  indicates  a  lesion  in  the  bundle  of  His  (Case  4  of  our 
series).  With  extensive  invasion  of  the  myocardium,  such  as  occurred  in 
Case  5,  there  may  be  sudden  death.  The  electrocardiographic  abnor- 
malities observed  in  this  series  of  cases  are  listed  in  Table  I . 

In  certain  respects  the  condition  may  resemble  some  instances  of  tuber- 
culous pericarditis  for  there  is  often  fever  and  there  may  be  disease  of  the 
lung.  Tuberculous  pericarditis  was  considered  as  a  possible  cause  of 
cardiac  disease  in  both  Case  2  and  Case  3.  The  demonstration  of  sarcoid 
in  the  lymph  nodes  in  both  instances,  lesions  in  the  phalangeal  bones  in 
Case  3,  and  persistently  negative  tuberculin  reaction  in  both  patients 


TABLE  I 


Cardiac  abnormalities  observed 

in  six  cases  of  sarcoid 

NO. 

AUTOPSY 

Enlargement  of  heart  

5 

2 

Extrasystoles  

1 

Abnormalities  of  T  waves  with  myocardial 

failure  

1 

Bundle  branch  block  

1 

Fatal — no  autopsy 

Complete  heart  block  

1 

Fatal — autopsy 

Sarcoid  in  myocardium  

3 

3 

appear  to  exclude  the  possibility  of  tuberculous  pericarditis  either  as  a 
primary  disease  or  as  a  complication  of  benign  lymphogranulomatosis. 

jNIj'Ocardial  failure  of  various  degrees  of  severity  may  occur.  This 
may  be  progressive  or,  in  other  instances,  even  when  the  SATnptoms  of 
failure  are  extremely  severe,  marked  improvement  maj'  take  place  as 
happened  in  Case  3. 

Though  the  symptoms  and  signs  attending  the  invasion  of  the  peri- 
cardium and  my  ocardium  by  sarcoid  are  varied  and  irregular  one  might  be 
led  to  suspect  that  the  condition  was  present  in  a  patient  known  to  have 
sarcoidosis  who  presented  evidence  of  an  unexplained  enlargement  of  the 
heart  particularly  when  there  were  no  murmurs,  when  there  was  no  hyper- 
tension, when  the  tuberculin  reaction  was  negative,  or  when  an  arrhj' thmia 
was  present  with  abnormalities  in  the  electrocardiogram  indicating  damage 
to  the  my^ocardium. 

Though  involvement  of  the  pericardium  and  myocardium  produces  a 
serious  situation  which  may  lead  to  a  fatal  termination,  it  is  possible 
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in  .some  instances  that  tlie  lesions  may  heal,  and  if  they  do  not  affect 
important  pathways  in  the  heart  muscle  improvement  may  ensue. 

SUMMARY 

In  a  series  of  31  cases  of  sarcoidosis  six  patients  .showed  some  evidence 
of  myocardial  insufficiency  din-ing  life  or  sarcoids  of  the  heart  and  peri- 
cardium were  discovered  at  autop.sy.  In  one  patient  who  showed  no 
abnormalities  of  the  heart  during  life  a  few  lesions  were  found  scattered 
through  the  niyocardium  at  autopsy.  The  remaining  five  patients  pre- 
sented some  e\'idence  of  disease  of  the  heart.  Three  of  these  patients  died. 
Autopsies  performed  on  two  of  these  cases  showed  sarcoidosis  of  the 
myocardium  and  pericardium. 

The  five  patients  suffered  from  various  degrees  of  heart  failure,  often 
with  enlargement  of  the  heart,  arrhythmias  and  electrocardiographic 
changes. 
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W.  G.  MacCALLOI,  M.D. 

[From  The  Department  of  Pathology,  The  Johns  Hopkins  Medical  School, 

Baltimore,  Md.] 

The  literature  on  the  various  tumors  which  arise  from  the  so-called 
craniopharyngeal  duct,  or  hypophj'seal  duct,  is  very  extensive  and  satis- 
factory, but  still  it  is  interesting  to  draw  attention  to  the  details  of  one  type 
at  a  time,  since  when  a  large  material  is  available  certain  forms,  sharply 
separated  and  with  characteristic  structure,  can  be  recognized.  The 
present  brief  paper  is  stirred  by  the  recent  occurrence  of  a  typical 
adamantinoma,  or  ameloblastoma,  which  presents  the  characters  widely 
recognized  and  described  by  many  authors,  and  exactly  similar  to  those  of 
fourteen  other  cases  which  have  occurred  in  our  material. 

CASE  REPORT 

History.  A  man  46  j'ears  old,  married  for  20  years,  without  children.  Xo  illness 
except  typhoid  fever  at  the  age  of  14.  For  two  or  three  j'ears  he  had  increasing 
drowsiness,  forgetfulness  and  weakness  in  the  legs  and  feet.  Later  he  experienced 
the  onset  of  violent  attacks  of  vomiting  and  severe  headache.  There  had  been  no 
polj'uria.  There  had  been  complete  impotence  for  several  years  and  the  general 
habitus  was  that  of  Frohlich's  sj'ndrome.  Xo  phj'sical  signs  nor  neurological  dis- 
turbances could  be  recognized.  Operative  search  for  a  tumor  in  the  cerebrum  was 
futile  and  death  occurred  on  the  same  day. 

Necropsy  findings  (Xo.  17551).  A  supra-sellar  tumor  was  present  which  pressed 
up  into  the  floor  of  the  third  ventricle,  a  firm  white  mass  measuring  .3x2x2  cm., 
which  pressed  on  the  optic  chiasm  in  its  mid-portion  was  also  present,  but  the  optic 
nerves  were  not  greath'  involved.  It  projected  fairly  far  to  the  left  and  overlaid  the 
pons  where  it  had  a  rounded  lower  surface.  In  the  middle  of  the  convex  surface 
there  was  recognised  the  stalk  of  the  hypophysis  which  was  cut  through  at  autopsy, 
and  a  projection  of  the  tumor  into  the  substance  of  the  hj-pophysis  followed  the  stalk, 
pushing  it  to  one  side  (fig.  1).  Upward  the  tumor  extended  into  the  third  ventricle, 
interrupting  the  fornix  and  encroaching  somewhat  on  the  internal  capsule  on  both 
sides,  but  not  interrupting  it.  There  was  some  compression  of  the  corpus  striatum 
on  each  side.  The  foramina  of  !Monro  were  obliterated  and  the  lateral  ventricles 
contained  a  gelatinous  material.  The  general  situation  is  shown  in  figure  2.  The 
other  organs  showed  practically  nothing  abnormal. 

Sections  from  this  tumor  show  the  characteristics  which  have  been  so  well  de- 
scribed in  the  papers  of  Erdheim  (6),  Peet  (13),  Critchlcy  and  Ironside  (3),  Frazier 
and  .\lpers  (7),  Duffy  (5),  Drummond  (4),  Strada  (14),  Husten  (9),  Love  (U),  Costero 
and  Berdet  (2),  Harbitz  (8),  Krompecher  (10),  and  others. 

Microscopic  description.  Essentially  this  structure  is  as  follows.  The  tumor  has 
a  loose,  vascular  stroma  of  connective  tissue  which  surrounds  and  penetrates  it,  giv- 
ing it  in  this  case  a  smooth  surface  and  an  adequate  blood  supply.    The  masses  of 

798 


ADAMANTINO.MA  OF  HYPOPHYSEAL  DUCT 


799 


epithelial  cells  have  as  a  boundarj'  a  single  laj'cr  of  rylindrical  cells  in  a  palisade 
arrangement  which  is  so  typical  of  the  enamel  organ  and  has  contributed  the  name 
ameloblastoma,  or  adamantinoma  (figs.  3,  4,  and  5).    Beneath  this  is  a  second  layer, 


Fig.  2.  Autopsy  Xo.  17551.    Extension  of  tumor  into  the  third  ventricle  of  the  brain 

much  less  distinctly  developed,  of  smaller  closely  packed  epithelial  cells  of  indefinite 
form  and  this  again  resembles  the  arrangement  in  the  enamel  organ,  the  stratum 
intermedium,  after  which  one  passes  inward  into  the  stellate  reticulum  which  forms 
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the  miiin  mass  of  the  hibule  which  is  outlined  by  the  enamel  epithelium  or  amelo- 
blasts.  This  stellate  reticulum  is  made  up  of  delicately  branched  cells,  spread  apart 
so  as  to  form  a  loose  network.  In  the  interior  of  this  mass  there  are,  in  nearly  every 
lobule,  round,  concentrically  laminated  masses  composed  of  larger  distinctly  squa- 
mous epithelial  cells  which  have  rather  large  nuclei  and  verj-  definite  keratohyalin 
graiuiles  in  their  cytoplasm  (figs.  4  and  5).  -Many  of  these  are  well  preserved,  but 
others  are  partly  calcified,  or  more  completely  calcified,  and  reduced  to  a  formless 
mass  of  deeply  staining  calcified  material  (fig.  6B).  Then  the  area  appears  disin- 
tegrated in  the  section  on  account  of  the  many  resistant  calcified  granules.  Some 
areas  of  the  stellate  reticulum  (of  which,  it  must  be  remembered,  that  in  spite  of  this 


Fk;.  0.  .Vutopsy  No.  17.551.  Aj  .Sciuaiuuu.^  u^Mi.ur  wiui  Rcratinization  gran- 
ules within  stellate  reticulum.  B)  Lobules  of  tumor  with  palisade  cells,  stellate 
reticulum  and  squamous  cell  nodules  much  calcified,  spaces  in  stroma  with  colloid 
droplets.  C)  Tumor  strand  showing  palisade  epithelium,  stellate  reticulum,  squa- 
mous epithelial  masses  with  calcification,  and  cavities  lined  by  connective  tissue  and 
containing  colloid  droplets.  D)  Lower  power  of  tumor  showing  cholesterin  crystals 
in  one  space. 

nomenclature  it  is  composed  of  epithelium)  show  large  spaces  with  very  thin,  formless 
lining  and  containing  what  in  some  cases  appears  to  bo  blood,  but  in  other  such  large 
spaces  a  large  number  of  minute  bodies  not  exactly  resembling  red  corpuscles  and 
associated  with  tiny  granules  which  appear  to  form  short  threads  in  places  (figs. 
6  C,  D).  These  cavities,  however,  may  be  traced  to  the  connective  tissue  stroma, 
the  thin  lining  membrane  in  places  showing  elongated  flattened  cell  nuclei.  In  some 
cases  there  are  also  blood-filled  capillaries  and  more  of  the  loose  stroma  although  it 
is  very  difficult  to  trace  the  point  of  entry  of  such  mesoblastic  portions  since  they 
seem  to  be  generally  surrounded  by  the  epithelial  masses  (fig.  6  B,  C).  Another 
characteristic  is  the  presence  of  cavities  in  the  epithelial  structures  in  which  among 
the  cells  there  are  abundant  crystals  of  cholesterin  which  glisten  when  the  fresh 
tumor  is  cut  through  (fig.  6D). 
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DISCUSSION' 

The  material  in  the  records  of  the  Johns  Hopkins  Hospital  contains  113 
cases  of  tumor  of  the  craniopharyngeal  duct  arising  from  the  cells  which 
later  form  the  pars  intermedia  of  the  hypophysis  and  the  pars  tuberalis, 
and  among  them  we  have  found  12  cases  of  the  adamantinoma  in  addition 
to  the  three  described  by  Duffy  (5).  The  others,  much  exceeding  these 
in  number,  must  be  studied  separateh'. 

The  twelve  cases,  of  which  that  already  described  was  one,  were  very 
briefly  as  follows: 

Autopsy  No.  8163:  Xegro  female,  42  years,  very  obese,  vision  hazy. 
Occipital  headache.  Edema  and  hemorrhage  in  retina.  Tumor  invading 
third  ventricle,  cystic  and  filled  with  cry.stals.  Typical  structure  of 
adamantinoma,  calcified  in  places. 

Autopsy  No.  10288:  White  male,  28  years.  Visual  disturbance  and 
headache  for  a  year.  Xo  vomiting.  Blind  on  left.  Hemianop.sia  on  right . 
Tj'pical  adamantinoma  extending  into  third  ventricle.  Left  optic  nerve 
invaded  (fig.  5). 

Autopsy  No.  10499:  Female,  18  years.  Headache  and  loss  of  vi-sion; 
bilateral  choked  discs.  Typical  adamantinoma  with  pressure  on  optic 
chiasm  and  invasion  of  third  ventricle. 

Autopsy  No.  10911:  Male,  6  years.  Well  nourished.  Visual  disturb- 
ances. Typical  adamantinoma  compressing  optic  chiasm  and  invading 
third  ventricle. 

Atdopsy  No.  11198:  White  female,  32  years.  Amenorrhoea.  Obesity. 
Polyuria  for  2\  years.  Loss  of  visual  activity;  diplopia,  choked  discs, 
drowsy.  Typical  adamantinoma  extending  into  third  ventricle  above  the 
sella.    Hypophyseal  stalk  intact  and  tumor  extends  along  it. 

Autopsy  No.  12507:  White  male,  11  years.  Bilateral  lo.ss  of  vision; 
papilledema,  frontal  headache  and  vomiting.  Hypophyseal  duct  cyst 
with  cholesterin  crystals  extending  into  floor  of  third  ventricle  and  into 
sella.    Hypoph3\seal  cells  practically  normal. 

Autopsy  No.  12587:  White  male,  37  years.  Obesity  developed  when  1 
year  old.  Bifrontal  headaches,  loss  of  libido  and  developed  female  habitus 
with  mild  polyuria.  Tumor  involving  third  ventricle  and  compressing 
h3^pophysis.    Typical  adamantinoma. 

Autopsy  No.  1350//.:  White  female,  42  years.  Lo.ss  of  vision  beginning 
when  one  year  of  age.  Xo  polyuria.  Adamantinoma  removed  from  be- 
hind optic  chiasm,  extending  along  meninges  from  hypothalamic  region. 
Tj'pical  adamantinoma  with  slight  keratinization. 

Autopsy  No.  13666:  White  male,  9  years.  Headache,  vomiting  and 
failing  vision.  Optic  atrophy  and  papilledema.  Urine  normal.  Tumor 
at  floor  of  third  ventricle,  cystic  with  cholesterin  crystals.  The  tumor  l« 
chiefly  in  the  third  ventricle  and  surrounded  by  glia.  Hypophysis  seems 
normal  but  part  of  the  tumor  surrounds  the  upper  part  of  stalk  (fig.  4). 
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Autopsy  No.  15289:  White  female,  4  years.  Headache,  vomiting,  con- 
vulsions, unconscious.  Well  nourished.  Cystic  tumor  invading  hypoph- 
ysis, optic  nerves  invaded.  Typical  adamantinoma  with  excess  keratini- 
zation  and  abundant  cholesterin  crystals. 

.4  utopsy  Xo.  16973:  White  male,  30  years.  Frontal  headaches,  defective 
vision,  no  polyuria.  Bilateral  optic  atrophy.  After  removal  of  suprasellar 
tumor,  polydipsia,  disorientation.  Compression  of  optic  chiasm  and 
mammillary  l)odies.  Sella  and  hypophysis  flattened  by  tumor  mass. 
Typical  adamantinoma. 

From  these  histories  there  stands  out  a  series  of  symptoms  which  are  of 
mechanical  oiigin — the  extreme  headaches,  the  visual  disturbances  from 
pressure  on  the  optic  chiasm  and  nerves,  other  nervous  disturbances  which 
are  slight  and  variable,  drowsiness  and  repeated  vomiting.  Most  inter- 
esting, from  the  pressure  on  the  hypophysis  or  from  the  involvement  of 
its  pars  intermedia  and  stalk,  or  at  any  rate  from  some  pressure  disturbance 
of  its  function,  the  appearance  of  the  so-called  Frohlich's  syndrome  in 
which  there  is  obesity,  loss  of  activity  of  the  sexual  organs,  and  tendency 
toward  a  feminine  habitus  with  change  in  distribution  of  hair,  etc.  This 
was  particularly  striking  in  the  ca.se  described  here  (Autopsy  No.  17551). 

The  term  adamantinoma,  or  ameloblastoma,  is,  of  course,  derived  from 
the  similarity  or  identity  of  the  marginal  cells  with  theii-  cylindrical  form 
and  palisade  arrangement  as  they  stand  against  the  stroma,  with  the 
secreting  cells  of  the  enamel  organ  of  the  teeth  which  are  also  cylindrical, 
in  palisade  arrangement  and  have  behind  them  the  stellate  reticulum  of 
separated  epithelial  cells  with  their  delicate  processes.  They  differ,  how- 
ever, in  that  these  cylindrical  cells  produce  no  enamel  and  fiulher  in  that 
the  stellate  reticulum  in  the  origin  of  the  teeth  does  not  produce  such  con- 
centric masses  of  squamous  epithelium  with  its  keratinization  and  later 
calcification  which  is  so  regular  in  the  adamantinoma. 

The  exact  mode  of  displacement  of  the  enamel  organ  from  the  natural 
region  of  the  jaws  into  that  of  the  hypophyseal  duct  in  the  roof  of  the  mouth 
is  not  very  easily  explained  in  such  a  large  number  of  cases,  but  even  more 
difficult  is  the  explanation  of  the  formation  of  adamantinomas,  or  amelo- 
blastomas, in  the  tibia  which  has  been  repeatedly  observed.  The  possi- 
bility is  suggested  that  in  spite  of  the  close  resemblance  of  the  marginal 
cylindrical  cells  in  palisade  arrangement  to  those  of  the  enamel  organ,  the 
aberrant  behavior  of  the  remaining  tumor  cells  with  their  keratinization 
and  calcification  and  production  of  cholesterin  crystals,  might  lead  to  an 
explanation  of  their  origin  from  some  other  source  such  as  a  distorted  de- 
velopment from  the  Rathke's  pouch. 
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THE  UTERINE  ELECTROCARDIOGRAM 


HUBERT  MANN,  M.D.,  and  .MAX  D.  MAYER,  M.D. 
[From  the  Obstetrical  Service  of  Dr.  Max  D.  Mayer,  Sydenham  Hospital,  A'ew  York] 

During  the  course  of  studies  on  the  fetal  electrocardiogram  an  oppor- 
tunity presented  itself  to  take  electrocardiograms  of  an  infant  before,  during 
and  after  Caesarean  section.  The  technique  for  recording  satisfactory 
fetal  electrocardiograms  had  been  developed  by  one  of  us  (1)  and  the  taking 
of  a  baby's  electrocardiogram  immediately  after  birth  presented  no  diffi- 
culties; but  the  recording  of  fetal  deflections  during  the  performance  of  a 
Ceasarean  section  presented  a  problem  which  had  not  hitherto  been  at- 
tacked. The  fetal  record,  if  obtained,  might  provide  interesting  informa- 
tion on  the  fetal  heart  and  on  the  effect  of  anesthesia  and  surgical  pro- 
cedure on  the  cardiac  mechanism. 

CASE  REPORT 

The  patient,  W.  L.,  was  a  thirtj'-three  year  old  negress  in  the  thirty-eighth  week 
of  her  pregnancy.  She  had  been  observed  for  a  considerable  period  of  time  on  the 
medical  service.  The  diagnosis  was  pulmonary  tuberculosis  with  massive  effusion. 
Tubercle  bacilli  had  been  found  in  the  aspirated  fluid.  The  course  of  the  disease 
had  been  progressively  downhill  and  it  was  felt  that  she  could  not  possibly  survive 
a  normal  delivery. 

A  rapid  Porro-Caesarean  was  performed.  It  was  in  the  course  of  this  procedure 
that  the  opportunity  presented  itself  for  obtaining  our  interesting  records.  It 
should  be  noted  that  the  experimental  procedure  did  not  add  either  to  the  operating 
time  or  to  the  risk  involved.  The  operation  was  performed  under  general  anesthesia. 
All  other  surgical  details  are  irrelevant  to  the  purposes  of  this  presentation. 

Preliminary  routine  fetal  electrocardiograms  were  taken  6  da}'s  before  the  oper- 
ation and  about  2  hours  before  the  patient  entered  the  delivery  room.  These  records 
are  shown  in  figure  1.  In  the  first  record,  taken  February  25,  1941,  the  fetal  rate  is 
184  beats  per  minute,  the  maternal  rate  is  132.  In  the  record  taken  March  3,  1941, 
the  fetal  rate  is  170  and  the  maternal  rate  is  124.  Except  for  the  rapid  rates  these 
curves  are  essentially  normal. 

The  problem  of  recording  fetal  deflections  during  the  course  of  the  operation  was 
primarily  a  matter  of  providing  sterile  electrodes  and  applying  them  to  the  exposed 
uterus.  German  silver  electrodes,  of  the  type  used  with  the  CardiettCj  were  attached 
to  six  foot  lengths  of  nickel  wire.  The  first  three  feet  of  wire,  nearest  the  electrode 
was  covered  with  rubber  tubing.  The  electrodes  with  the  wire  attached  and  coiled 
in  a  small  spiral,  were  sterilized  in  an  autoclave  and  during  the  course  of  the  opera- 
tion, after  the  abdominal  wall  had  been  divided  and  the  intact  uterus  had  been  well 
exposed,  these  electrodes  were  applied  directly  to  the  moist  uterus.  The  surgeon 
was  isolated  from  the  electrodes  by  his  rubber  gloves  and  bj^  a  dry  gauze  pad  with 
which  he  held  each  electrode.  The  ends  of  the  six  foot  lengths  of  nickel  wire  were 
brought  well  away  from  the  operating  table  and  were  connected  to  the  lead  wires 
of  the  electrocardiograph,  a  specially  built  cardiette,  previously  described  (2). 
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Figure  2  shows  the  fetal  electrocardiogram  recorded  with  electrodes  applied  di- 
rectly to  the  unopened  uterus.  The  upper  curve  was  taken  with  electrodes  placed 
longitudinally,  the  lower  with  electrodes  placed  transversely.  The  deflections  re- 
corded are  due  solely  to  the  fetal  heart.  The  maternal  heart  produces  no  deflection 
of  the  galvanometer  because  both  electrodes  are  on  the  uterus  which  is  exposed. 


Fig.  1.  Fetal  electrocardiograms  taken  6  days  priur  to  operation  upper  curve) 
and  2  hours  before  operation  (lower  curve).  Electrodes  are  placed  on  the  mother's 
abdomen.  Standardization  is  six  centimeters  per  miUivolt.  Maternal  deflections 
are  large.    Fetal  deflections,  indicated  by  arrows,  are  smaller  and  more  rapid. 


Fici.  2.  Fetal  electrocardiograms  taken  during  Caesarean  operation  with  uterus 
exposed  and  electrodes  applied  directly  to  the  fundus.  In  the  upper  curve  the 
electrodes  are  applied  longitudinally,  in  the  lower  curve  transversely.  Standardi- 
zation is  six  centimeters  per  millivolt.  Maternal  respiratory  movements  can  be 
recognized  but  no  maternal  electrocardiogram  is  visible. 

This  is  analogous  electrically  to  placing  both  electrodes  on  one  limb  in  which  case 
no  electrocardiographic  deflection  appears. 

Figure  3  shows  the  electrocardiogram  of  the  baby,  a  female,  immediately  after 
removal  from  the  uterus  and  after  normal  breathing  had  been  established.  Elec- 
trodes were  held  against  the  two  arms  and  left  leg  of  the  infant  by  dry  sterile  pads 


Fig.  3.  Infant's  electrocardiogram  immediately  after  birth.  Standardization  is 
one  centimeter  per  millivoH  in  this  and  all  following  curves.  P  waves  are  visible. 
P-R  is  short.  T  waves  are  not  discernible.  There  is  right  ventricular  predomi- 
nance. 


Fig.  4.  Infant's  electrocardiogram  taken  about  5  minutes  after  tlie  previous 
report.    T  waves  are  now  visible. 
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Fig.  5.  Infant's  electrocardiogram  taken  3  days  after  delivery.  The  rate  is  now 
much  slower  and  the  T  and  P  deflections  are  well  formed. 


Fig.  6.  Electrocardiogram  of  infant  2  weeks  after  delivery.  The  main  deflection 
is  now  almost  completelj-  upright  in  lead  L 


in  the  hands  of  an  assistant.  The  heart  rate  varies  from  191  to  199  beats  per  minute 
and  the  main  deflection  is  almost  completely  inverted  in  lead  I,  partly  inverted 
in  lead  II. 
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Figure  4  shows  the  infant's  electrocardiogram  taken  approximately  five  minutes 
after  the  previous  record.  There  has  been  considerable  change  in  the  shape  and  size 
of  the  main  deflection  within  the  first  few  minutes  after  birth.  The  fourth  lead, 
taken  from  the  left  leg  to  the  apical  region,  presents  the  usual  configuration.  The 
heart  rate  varies  from  191  to  201  beats  per  minute. 

Figure  5,  taken  3  days  after  birth,  shows  a  rate  varying  from  131  to  147  beats  per 
minute  with  considerable  sinus  arrhythmia.  The  main  deflection  is  still  semi- 
inverted  in  lead  I. 

Figure  6,  taken  2  weeks  after  birth,  shows  a  main  deflection  which  is  now  only 
one-third  inverted  in  lead  I. 

DISCUSSION 

It  is  interesting  to  note  that,  except  for  a  slight  possible  increase  in  rate, 
the  operation  had  no  obvious  effect  on  the  fetal  heart.  At  no  time,  either 
before,  during  or  after  the  Caesarean  operation  was  any  conductive  dis- 
turbance recorded.  Except  for  moderate  sinus  arrhythmia  the  rhythm 
was  regular. 

It  is  also  interesting  that  the  simple  technique  of  applying  two  metal 
electrodes  directly  to  the  uterus  permits  recording  of  a  fetal  electrocardio- 
gram much  larger  and  clearer  than  the  record  obtained  with  electrodes  on 
the  abdomen.  The  main  deflection  is  readily  observed.  P  and  T  waves 
are  not  visible. 

A  further  observation  of  interest  is  the  fact  that  with  both  electrodes  on 
the  unopened  uterus  only  the  fetal  deflections  are  recorded.  Apparently 
the  limited  area  of  attachment  of  the  uterus  to  the  maternal  body  causes 
the  exposed  uterus  to  behave  electrically  like  an  extremity.  Just  as  in  the 
arms,  legs  or  head  there  is  no  appreciable  electrocardiogram  recorded  when 
both  electrodes  are  applied  to  the  same  extremity,  so  the  uterus,  when 
exposed,  seems  to  act  electrically  like  an  extremity  with  respect  to  the 
maternal  heart.  With  respect  to  the  fetal  heart  exposure  of  the  uterus 
seems  to  offer  satisfactory  conditions  for  recording  the  fetal  electrocardio- 
gram. 

The  first  appearance  of  measurable  P  and  T  waves  in  this  series  of  records 
is  directly  after  birth.  The  P-Q  interval  is  about  0.08  seconds  and  after 
2  weeks  is  only  0.09  seconds  although  the  heart  rate  has  fallen  to  about  130 
per  minute.  The  T  waves  which  are  small  immediately  after  birth  become 
larger  within  the  next  5  minutes  and  3  days  later  are  easily  observed. 
The  fourth  lead,  taken  from  the  left  leg  to  the  apical  region  presents  up- 
right P  and  T  waves  5  minutes  and  2  weeks  after  birth. 

SUMMARY 

1.  A  series  of  electrocardiograms  were  taken  of  a  fetus  in  utero  6  days 
before  a  Caesarean  operation,  of  the  fetus  in  utero  during  the  operation, 
after  the  uterus  had  been  exposed  and  of  the  infant  at  intervals  after  birth. 

2.  Electrodes  placed  directly  on  the  exposed  uterus  gave  a  clear  fetal 
curve  without  any  perceptible  maternal  deflections. 
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3.  General  anesthesia  and  the  operative  procedure  produced  no  obvious 
change  in  the  rate  or  rhythm  of  the  fetal  heart. 

4.  Changes  in  the  infant's  electrocardiogram  during  the  first  few  weeks 
are  recorded  in  serial  electrocardiogranas. 
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URINARY  EXCRETION  OF  CAPON  COMB  GROWTH  PROMOT- 
ING Sl'BSTANCES  IN  GRAVES'  DISEASE  AND  MYXEDEMA 
AND  MODIFICATIONS  FOLLOWING  IODINE  AND  DESIC- 
CATED THYROID  THERAPY 

DAVID  MARIXi:,  M.D.,  axd  SAMUEL  H.  ROSEN,  M.D. 
[From  the  Laboratory  Divisioii,  Monlefiorc  Hospital,  Xew  York] 

What  the  primary  endocrine  up-set  is  that  starts  the  vast  endocrine  im- 
balances which  characterize  Graves'  disease  still  remains  imknown.  In- 
tensive study  of  the  thyroid  hypothesis  for  25  years,  beginning  with 
Moebius  (1)  in  1886,  has  resulted  in  establishing  definitely  that  the  thyroid 
gland  is  not  the  primary  site  of  the  disease,  and  that  the  goiter  is  only  a 
sign  or  a  compensatory  response  to  some  more  distant  and  complex  source 
of  stimulation. 

Since  1910  much  cA  idence  has  been  accumulated  suggesting  that  a  dis- 
turbance in  the  hormonal  interrelations  of  the  adrenal  cortex  and  sex 
glands  precedes  the  hypophyseal  and  thyroidal  reactions.  The  sex 
glands  (including  adrenal  cortex)  ha\  e  appealed  to  the  writer  as  of  funda- 
mental importance  in  the  etiology  of  Graves'  disease  for  many  years  (2,  3). 
Prominent  general  features  of  Graves'  disease  are  the  sex  incidence  of 
around  4  to  1  and  the  striking  association  with  the  menopau.se,  whether 
natural  or  artificial  (svu-gical  and  x-ray).  Some  experimental  data  have 
been  pul)lished  bearing  on  these  questions,  particularly  the  adrenal  cortex, 
and  in  the  present  paper  some  of  our  data  on  the  excretion  of  androgenic 
substances  in  the  urine  of  persons  with  Graves'  disease  are  reported. 

Method.  We  have  used  the  very  simple  and  proven-efficient  method 
of  Dingemanse,  Borchardt  and  Laqueur  (4)  for  the  extractions.  Es- 
sentially, this  consists  of  collecting  the  72  hour  urine  under  benzene  as  a 
preservative,  then  adding  100  cc.  of  concentrated  hydrochloric  acid  per 
liter  of  urine  slowly  while  stining.  Benzene  to  one-third  the  volume  of 
urine  is  added  and  refluxed  for  (5  hours.  After  coohng  (usually  over 
night)  the  benzene  is  removed  and  fresh  benzene  in  the  same  amount  is 
added  and  the  urine  again  refluxed  for  6  hours.  The  two  extracts  are  com- 
bined and  the  benzene  distilled  off  under  reduced  pressure  to  dryness. 
The  extract  is  then  taken  up  in  100  cc.  of  absolute  alcohol  and  stored  in  an 
ice  box  until  assayed.  In  the  experiments  reported  here  whole  extract 
was  used,  that  is,  no  separation  of  the  estrogens  was  attempted. 

We  have  used  the  Fussganger  (5)  modification  of  the  capon  comb  test. 
After  the  dilution  to  be  u.sed  for  a  given  extract  (1:200-1:2500)  was  de- 
cided upon,  the  extract  was  taken  up  in  mazola  oil  so  that  0.5  cc.  contained 
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the  total  dose  of  extract  per  bird.  This  was  painted  on  the  comb  in  0.1 
cc.  doses  dail}'  and  the  final  comb  measurement  (height  plus  length) 
taken  on  the  sixth  day.  Three  birds  were  used  for  each  assay  and  in 
practically  all  instances  two  or  more  assaj's  of  each  extract  were  made  at 
different  times,  that  is,  one  assay  was  usually  made  soon  after  extraction 
and  a  second  assay  made  after  all  the  urine  specimens  on  a  given  patient 
had  been  extracted. 


TABLE  1 
Control  urine  extractions 


8EX,  AGE,  CLIN.  DI.AG. 

URINE 
SPEC.  NO. 
72  HRS. 
VOL. 

TOTAL 
ANDRO- 
GEN AS 
ANDBOS- 
TERONE 

AND  BO- 
GEN  PER 
LITER 

BMR 

MEDICATION 

cc. 

mg. 

mg. 

E.  Male,    lo;  Kneu- 

1285 

1  C  C7 

10. 01 

1  o  no 

None 

matic  heart  disease 

1  - 

1285 

14.90 

11.60 

257  mg.  KI  added  to  urine 

before  extraction 

1410 

16  07 

11.40 

Lugol's  sol.  10  gtt  b.i.d.  begun 

10  days  before  collection  of 

2  • 

urine 

17.26 

12.24 

242  mg.  KI  added  to  urine 

before  extraction 

B.  Male,  47;  Coronary 

1092 

2.48 

2.27 

Xone 

artery  disease 

1 

1092 

2.00 

1.93 

218  mg.  KI  addea  to  urine 

before  extraction 

1080 

2.08 

1.93 

Lugol's  sol.  10  gtt  b.i.d.  begun 

10  daj'S  before  collection  of 

2 

urine 

1080 

2.00 

1.85 

216  mg.  KI  added  to  urine 

before  extraction 

B.  Male,  12,  Obesity 

1 

2290 

7.68 

3.35 

-25 

Xone 

(Froelich  ?) 

2 

2920 

6.7 

2.29 

-12 

Rec'd.  2  gr.  des.  thyroid  daily 

for   10  daj'S   prior  to  and 

during  urine  collection 

R.  Female,  43;  Surg. 

1 

3660 

1.46 

0.40 

+11 

Xone 

castrate 

2 

4740 

1.37 

0.29 

? 

Rec'd.  2  gr.  des.  thyroid  daily 

for  10  days  prior  to  and  dur- 

ing urine  collection 

Androsterone  controls  (using  5  to  10  gamma  in  0.5  cc.  of  mazola  oil 
per  bird)  were  run  with  everj'  urine  specimen  assayed. 

Control  urines.  Since  all  patients  wAih.  Graves'  disease  received  iodine 
therapy  after  the  initial  urine  collection,  it  seemed  desirable  to  determine 
in  non-Graves'  patients  whether  adding  iodine  to  the  urine  before  extrac- 
tion or  whether  the  prolonged  feeding  of  iodine  or  desiccated  thjToid  before 
collecting  the  urine  altered  the  amount  of  capon  comb  growth  promoting 
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material  that  could  be  extracted.  The  data  of  four  such  experiments  are 
given  in  Table  1.  In  one  case  an  18  year  old  male  with  rheumatic  heart 
disease  was  used.  The  72  horn-  urine  was  di\-ided  into  equal  portions  and 
to  one  portion  257  mg.  of  potassium  iodide  were  added  to  the  acidified 
urine  just  before  the  extraction.  The  assay  of  this  extract  showed  that 
the  addition  of  potassium  iodide  made  no  significant  difference  in  the 
amount  of  androgenic  substances  extracted.  This  patient  was  then  given 
10  drops  of  Lugol's  solution  by  mouth  twice  daily  and  after  10  days  a  72 
hour  collection  of  urine  was  begun.  Before  <^xtraction,  this  urine  was  also 
divided  into  equal  parts  and  to  one  of  them  242  mg.  of  potassium  iodide 
were  added.  Again  no  significant  difference  in  the  amount  of  androgenic 
material  extracted  was  found  between  the  2  portions  of  this  urine,  nor  did 
the  administration  of  Lugol's  solution  make  any  significant  difference  in 
the  results. 

A  second  cardiac  patient  was  studied  in  the  same  way.  This  patient 
was  47  years  old  and  his  disability  was  due  to  coronary  artery  disease. 
Again  no  significant  difference  in  the  amount  of  extractable  androgen 
could  be  made  out  whether  potassium  iodide  was  added  to  the  urine  before 
extraction  or  whether  Lugol's  solution  had  been  administered  to  the 
patient  daily  for  10  days  before  and  during  the  three-day  collection  of  urine. 

These  two  patients  also  illustrate  an  average  normal  and  a  very  low 
urinary  excretion  of  capon  comb  growth  promoting  substance.  The  urines 
from  several  other  patients  without  Graves'  disease  have  been  examined 
before  and  after  iodine  medication  with  results  similar  to  the  above,  and 
one  may  conclude  that  adding  iodide  to  the  urine  before  extraction  or  the 
prolonged  administration  of  iodine  to  patients  per  se  does  not  significantly 
influence  the  amount  of  capon  comb  growth  promoting  sul)stances  that 
can  be  extracted.  ' 

The  third  patient,  an  obese  boy  of  12  years  with  a  possible  diagnosis  of 
Froelich's  syndrome  and  repeated  basal  metabolic  rates  of  minus  20  to 
minus  25,  was  given  2  gr.  of  desiccated  thyroid  dailj',  10  days  before  and 
also  during  the  collection  of  the  second  three-day  urine. 

The  fourth  patient  was  a  female,  aged  43,  surgically  castrated  7  years 
earlier.  After  a  control  72  hour  urine  was  collected  the  patient  was  given 
2  gr.  desiccated  thyroid  for  15  days  before  the  second  72  hour  urine  col- 
lection was  started. 

The  volumes  of  the  urine  collections  before  and  after  desiccated  thyroid 
administration  suggest  a  slight  diuretic  effect  of  the  thyroid  medication, 
and  the  capon  assays  in  both  cases  also  suggest  a  slight  reduction  of  doubt- 
ful significance  in  the  excretion  of  androgenic  substances  following  the 
administration  of  desiccated  thyroid.  If  this  is  a  decrease  it  is  the  opposite 
effect  of  that  which  we  obtained  hy  feeding  desiccated  thyroid  to  cases  of 
myxedema. 

Data  on  Graves'  disease.  In  Table  2  we  have  collected  the  significant 
data  on  the  excretion  of  capon  comb  growth  promoting  substances  in  the 
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TABLE  2 
Graves'  disease — urine  extractions 


SEX.  AGE,  CLIN.  DIAG. 

URINE 
SPEC.  NO.. 
72  HRS. 
VOL. 

DATS 
BE- 
TWEEN 
URINE 
COLLEC- 
TIONS 

TOTAL 
ANDRO- 
GEN AS 
ANDROS- 
TERONE 

ANDRO- 
GEN 
PER 
LITER 

BMR 

MEDICATION 

cc. 

mg. 

S.  Male,  30;  com- 

1. 

4630 

12 

50 

2 

70 

-1-32 

Xone 

plete  Graves' 

2. 

3620 

13 

10 

12 

2 

80 

+  19 

Lugol's   sol.    10   gtt  b.i.d. 

Quin.  lijdrobr.  5  gr.  t.i.d. 

for  12  days 

3. 

4730 

35 

8 

16 

1 

73 

+6 

Lugol's   sol.    10   gtt  b.i.d. 

Quin.  h3'drobr.  5  gr.  t.i.d. 

for  12  days 

J.  Male,  52: 

1. 

3160 

25 

50 

8 

50 

-1-40 

Lugol's 4 gtt  b.i.d.  for  14 days 

2. 

2410 

47 

22 

41 

7 

47 

Tjiicol'^  4  p"tt  b  i  H  for^l5Hjiv^ 

Parkinsonism 

Lugol's  10  gtt  b.i.d.  for  12 

days;  quinine  hj'drobr.  5 

gr.  t.i.d. 

o  • 

2860 

74 

18 

1 

6 

03 

Lugol's  10  gtt  b.i.d.;  quinine 

hydrobr.  5  gr.  t.i.d. 

4. 

2880 

49 

11 

0 

3 

67 

Lugol's  10  gtt  b.i.d.  quinine 

hydrobr.  5  gr.  t.i.d. 

B.  Male,  43:  Tu- 

1 

16 

12 

4 

67 

+41 

Xone 

berculosis,  tho- 

2 

10 

17 

35 

6 

51 

+32 

I2  (Xal)  6  mg.  for  10  days 

*'n /• ?"\  1  o o  t  o^'TTn 
liKUpitl&iy  tlL^p- 

O. 

Oo/u 

13 

81 

3 

57 

4-18 

lo  rXiII          mp-    bi  d  for 

ical  Graves' 

20  days 

4. 

3800 

8 

13 

2 

3 

47 

+  17 

Lugol's  10  gtt  b.i.d.;  triple 

bromide  15  gr.  daily 

0. 

25 

17 

6 

05 

+  16 

Lugol's  10  gtt  b.i.d.;  triple 

bromide  15  gr.  dailj- 

7 
i  . 

oAcn 

^Uo 

12 

2 

4 

55 

— 19 

T  ii(rr»l'c    in   crtt    K  i       •  trinlp 

bromide  15  gr.  daily 

C.  Female,  53: 

1 

1 . 

2 

85 

0 

55 

+37 

Xone 

Complete 

9 

ODUU 

10 

1 

85 

0 

33 

+6 

Lugol's  10  gtt  b.i.d.:  quin. 

Graves' 

hydrobr.  5  gr.  t.i.d. 

3. 

5480 

1 

77 

0 

32 

_2 

LiKTol's  Ifl  ct t  hid*  fiiiin 

hj'drobr.  5  gr.  t.i.d. 

F.  Male,  29:  Mild 

1. 

4110 

19 

8 

4 

82 

+42 

Xone 

Graves' 

2. 

3610 

31 

15 

5 

4 

29 

Lugol's  sol.   10  gtt  b.i.d.; 

quin.  hydrobr.  5  gr.  b.i.d. 

4. 

5000 

124 

8 

26 

1 

65 

-10 

Lugol's  sol.   10  gtt  b.i.d.: 

quin.  hydrobr.  5  gr.  b.i.d. 

S.  Male,  32:  Severe 

1. 

5200* 

20 

6 

3 

96 

+73 

X  one 

complete 

2. 

5360t 

69 

11 

3 

2 

11 

-7 

Lugol's  sol.   15  gtt  b.i.d.: 

Graves' 

quin.  hydrobr.  5  gr.  b.i.d. 
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TABLE  2— Concluded 


SEX,  AGE,  CLIN.  DIAG. 

URINE 
SPEC,  NO., 

VOL. 

DAYS 
BE- 
TWEEN 

COLLEC- 
TIONS 

TOT  \L 
ANDRO- 
GEN AS 
ANDROS- 
TERONE 

ANDRO- 
GEN 

LITER 

BMR 

MEDir.\TION 

cc. 

iiig. 

mg. 

A.  Male,  37; 

1.  4080 

3.15 

0.77 

-1-29 

Xone 

Clraves'  and  pul- 

2. 4060 

79 

1 .45 

0.35 

+3 

monary  tuber- 

culosis 

CI.  Female,?: 

1.  2520 

2.5 

0.99 

+42 

None 

Complete 

2.  2985 

13 

1 .49 

0.50 

-1-26 

6  gtt  Lugol's  sol.  daily 

Clraves' 

3.  2760 

26 

0.50 

0.18 

-3 

6  Rtt  Lusol's  sol.  daily 

4.  1785 

24 

0.23 

0.13 

-1-30 

Xone 

5.  2220 

179 

0.32 

0.14 

+8 

6  gtt  Lugol's  sol.  b.i.d. 

6.  2480 

146 

0.73 

0.29 

5  gtt  Lugol's  sol.  once  daily 

7.  1840 

107 

0.26 

0.14 

-19 

5  gtt  Lugol's  sol.  once  daiW 

Y.  Male,  51 ; 

1.  3020 

13.0 

4.30 

-1-56 

Xone 

Graves'  and  ac- 

2. 2120 

21 

6.43 

3.03 

+  18 

125  mg  I:  (KI)  b.i.d. 

tive  tuberculosis 

S.  Female,  44: 

1.  4360 

10.2 

2.34 

+33 

Xone 

^ .  OUOO 

91 

0.  oo 

1  SR 

Lugol's  sol.  10  gtt  b.i.d.  and 

Clraves' 

triple  bromide 

3.  4240 

85 

5.89 

1.39 

Lugol's  sol.  10  gtt  b.i.d.  and 

triple  bromide 

4.  3700 

93 

2.55 

0.69 

+  15 

Lugol's  sol.  15  gtt  b.i.d.  and 

triple  bromide 

5.  2610 

35 

2.65 

1.01 

+  15 

Lugol's  sol.  15  gtt  b.i.d.  and 

triple  bromide 

*  48  hrs. 
t  60  hrs. 


urine  of  10  representative  cases  of  Graves'  disease  ranging  in  age  from  7 
years  to  53  years.    Seven  of  these  were  males. 

In  all  instances  the  lu-ine  collection  (72  hours  unless  otherwi.se  stated) 
was  made  before  iodine  medication  was  started.  L'suall}^  quinine  hydro- 
bromide  was  also  administered  with  the  iodine.  At  least  one,  and  in  one 
case  six,  subsequent  collections  of  mine  were  assayed  for  comb  growth 
promoting  substances. 

With  one  exception  (a  liilateral  cryptorchid,  aged  43)  there  has  been  a 
drop  in  the  amoimt  of  comb  growth  promoting  substances  in  urine  along 
with  the  usual  drop  in  ba.sal  metabolic  rate  and  pulse  rate  follo\\ing  iodine 
medication.  In  this  patient  there  was  a  moderate  drop  in  the  basal  meta- 
bolic rate  and  general  clinical  impnn-ement  during  the  first  63  days  of 
observation,  but  no  significant  drop  in  the  excretion  of  androgenic  sub- 
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stances  occurred  during  this  period.  This  patient  was  tuberculous  \nth  a 
positive  sputum  beginning  in  1931.  In  1938  a  thoracoplasty  operation 
was  done  in  Montefiore  Hospital.  Following  this  he  gained  rapidly  but 
6  months  later  he  began  to  complain  of  weakness,  tremor,  sweating,  loss 
of  weight  and  anorexia.  The  basal  metabolic  rate  at  this  time  was  plus 
39  and  plus  41  per  cent.  One  month  later  the  basal  metabolic  rate  wa.s 
plus  41  per  cent,  with  the  pulse  rate  averaging  about  100  per  minute. 
Exophthalmos  was  never  present,  nor  was  thyroid  enlargement  ever  noted. 
A  complete  clinical  recovery  from  Graves'  disease  occun-ed  in  G  months 
after  iodine  medication  was  started  and  there  has  been  no  recurrence 
during  the  past  two  and  a  half  years.    The.se  data  are  mentioned  spe- 


TABLE  3 
Myxedema — urine  extractions 


SEX,  AGE,  CLIN. 
DIAG. 

URINE  SPEC. 
NO.,  72  HRS. 
VOL. 

DAYS 
BE- 
TWEEN 
URINE 
COL- 
LEC- 
TIONS 

TOTAL 
ANDRO- 
GEN AS 
ANDRO- 

STER- 
ONE 

ANDRO- 
GEN 
PER 
LITER 

BMR 

MEDICATION 

CC. 

mg. 

mg. 

S.  Female,  50; 

1.  6850 

0.86 

0.12 

-23 

None 

Myxedema 

2.  6690 

93 

4.00 

0.60 

+  14 

Des.  thyroid  1  gr.  daily  for  83 

days 

3.  5570 

56 

3.50 

0.63 

-1 

Des.  thyroid  1  gr.  daih' 

X.  Male,  54;  Mild 

1.  2810 

1.11 

0.39 

-22 

None 

myxedema 

2.  4380 

47 

3.26 

0.74 

-4 

Des.  thj^roid  5  gr.  daily  for  32 

days 

S.  Female,  56; 

1.  3590 

0.69 

0.19 

+4 

Des.  thyroid  3  gr.  daily  for 

Typical  mj-x- 

over  a  j'ear 

edema 

2.  2980 

57 

0.89 

0.30 

+5 

Des.  thyroid  3  gr.  daily 

3.  3310 

121 

0.85 

0.26 

+5 

Des.  thyroid  3  gr.  daih' 

cificallj^  to  indicate  that  this  patient  never  had  a  complete  Graves'  di.sease 
syndrome  although  in  the  opinion  of  the  clinical  staff  he  was  classified  as 
Graves'  disease. 

Another  case  is  of  interest  because  of  her  age  and  several  exacerbations 
of  the  disea.se.  A.  G.,  aged  7  years,  was  a  complete  case  of  Graves'  disease 
with  mai-ked  progressive  exophthalmos.  Three  months  before  our  obserA-a- 
tions  began  she  had  had  a  partial  removal  of  both  lateral  thyroid  lobes,  not 
only  without  any  improvement  but  the  disease  progressed  more  rapidly. 
There  had  occurred  marked  regeneration  of  the  thjToid  gland.  This 
patient  had  2  exacerbations  during  our  experiments  after  reducing  or 
stopping  the  iodine  medication,  and  in  one  of  the.se  relapses  there  was  a 
coincident  rise  in  the  excretion  of  androgenic  substances,  but  for  more  than 
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two  years  she  has  remained  a  completely  arrested  case  associated  with 
marked  regression  of  the  thyroid  gland  and  exophthalmos. 

Data  on  myxedema.  We  have  had  an  opportunity  of  studying  the 
urinary  excretion  of  androgenic  substances  in  3  cases  of  Gull's  disease — 
two  females  and  one  male.  The  pertinent  data  are  given  in  Table  3. 
One  of  these  patients  had  been  on  a  maintenance  dose  of  desiccated  thy- 
roid for  2  years  before  we  began  our  studies  and  this  medication  was  con- 
tinued over  the  whole  period  (178  days)  of  our  observations.  It  is  signifi- 
cant that  the  excretion  of  androgenic  substances  during  the  3  three-day 
urine  collections  was  always  extremely  low,  yet  fairly  uniform  in  amovmt. 

In  the  other  2  cases  control  three-day  urines  were  obtained  before  desic- 
cated thyroid  medication  was  started.  Neither  was  a  severe  case  of 
myxedema  as  judged  by  the  clinical  condition  and  the  basal  metabolic 
rate.  The  total  excretion  of  capon  comb  growth  promoting  substance 
in  the  control  urine  was  0.8G  mg.  in  the  female  and  1.11  mg.  in  the  male. 
The  second  three-da}'  urine,  taken  in  one  case  after  83  days  of  thyroid 
medication  and  in  the  other  cases  after  47  days,  showed  a  significant  rise 
in  the  total  amount  of  androgenic  substance  excreted,  although  still  not 
more  than  one-quarter  of  the  avei'age  normal  excretion.  These  findings 
are  in  striking  contrast  with  those  of  Graves'  disease  where  iodine  medica- 
tion caused  a  sharp  drop  in  the  amount  of  androgenic  substance  excreted. 

DISCUSSION 

While  an  enormous  but  inconclusive  hterature  exists  on  the  relation  of 
the  sex  glands  to  Graves'  disease,  it  is  striking  that  up  to  the  present  time 
no  systematic  studies  have  been  made  on  the  excretion  of  sex  hormones  in 
relation  to  am'  phase  of  this  disease.  Laurent-Gerard  and  Welti  (6) 
reported  upon  the  estrogenic  hormone  excretion  in  6  cases  of  Graves' 
disease  in  w'omen.  Follo^\•ing  subtotal  thyroidectomy  they  found  a  rise 
in  both  the  blood  and  urinary  estrogen  in  4  cases  and  no  change  in  2  cases. 
One  of  these  2  cases  was  a  post-menopausal  Graves'  disease  and  the  other 
had  normal  levels  of  blood  and  urinary  estrogen  before  operation.  The 
reactions  observed  are  probably  mediated  through  the  hypophysis. 

Our  studies  on  the  excretion  of  androgenic  substances  in  cases  of  Graves' 
disease  indicate  that  there  are  very  \nde  variations  in  the  quantity  ap- 
pearing in  the  urine  in  different  patients.  This  suggests  a  relative,  rather 
than  an  absolute,  increase  in  the  excretion  of  the  androgenic  material. 
Iodine  administration  in  most  of  the  cases  but  not  in  all  cases  that  were 
diagnosed  as  hyperthyroidism  caused  a  drop  in  urinary  excretion  of  andro- 
genic material.  This  drop  was  coincident  with  other  evidence  of  clinical 
improvement.  Xo  adequate  explanation  for  this  drop  is  at  present  avail- 
able. Two  control  experiments  with  non-Graves'  patients  showed  that 
the  administration  of  similar  amounts  of  iodine  did  not  decrea.se  the  urinary 
androgen.    Nor  does  the  addition  of  iodine  to  the  urine  at  the  time  of 
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extraction  alter  the  amount  of  extractable  androgenic  material.  Also 
feeding  desiccated  thyroid  to  the  point  of  raising  the  metabolic  rate  in  2 
non-Graves'  cases  lowered  the  amount  of  extractable  androgens  only 
slightly,  if  at  all,  although  in  2  cases  of  myxedema  the  administration  of 
desiccated  thyroid  definitely  increased  the  urinary  excretion  of  androgenic 
substances.  It  is,  therefore,  obvious  that  the  effect  of  large  doses  of 
iodine  in  lowering  the  excretion  of  androgenic  substances  in  many  cases 
of  Graves'  disease  is  not  due  to  inactivation  of  the  androgen  either  in  vivo 
or  in  vitro,  nor  is  it  due  to  preventing  the  formation  of  androgenic  sub- 
stances in  the  gonad,  although  some  observers  have  claimed  that  iodine 
causes  an  involution  of  the  interstitial  cells  in  guinea  pigs  (7).  We  have 
carried  out  3  series  of  such  experiments  in  guinea  pigs  with  entirely  negative 
results. 

It  is  characteristic  of  Graves'  disease  that  the  interstitial  cells  of  the 
testes  are  well  preserved,  indeed  some  reports  claim  an  hypertrophy. 
This  is  in  contrast  with  myxedema  where  the  interstitial  cells  appear 
definitely  involuted  and  po.ssibly  decreased  (8).  A  decrease  in  the  pro- 
duction of  estrogenic  substances  has  for  years  been  suggested  becau.se  of 
the  striking  increase  in  the  incidence  of  Graves'  disease  at  the  menopause, 
both  natural  and  induced.  On  the  other  hand,  so  far  as  we  can  find,  no 
one  has  yet  reported  a  case  of  Graves'  disease  in  a  male  castrate.  There 
are,  however,  several  reports  of  myxedema  in  the  male  following  castration. 

It  is  known  that  the  administration  of  testosterone  will  cause  thyroid 
hyperplasia.  We  have  mam-  times  observed  this  in  rabbits.  Natural  es- 
trogenic substances,  on  the  other  hand,  definitely  depress  the  th3'roid  gland. 
It  is  also  certain  that  testosterone  ^\ill  greath'  increa.se  an  existing  exoph- 
thalmos in  rabbits  and  produce  a  recurrence  of  the  exophthalmos  in  rabbits  in 
which  the  exophthalmos  has  receded  following  castration  (9).  In  this 
connection  it  is  a  suggestive  association  that  the  exophthalmos  of  Graves' 
disease  is  usualh'  more  marked  during  menstruation  at  which  time  the 
level  of  estrogenic  substances  in  the  blood  is  lowest  and  that  of  androgenic 
substances  is  relatively  highest. 

Of  the  3  cases  of  Gull's  disease,  all  excreted  ver^-  small  amounts  of 
androgenic  substances.  Two  had  had  no  previous  treatment  and  showed 
a  significant  rise  in  the  amounts  of  capon  comb  growth  promoting  sub- 
stances excreted  in  the  urine  following  the  administration  of  desiccated 
thyroid.  The  hterature  records  numerous  instances  of  Gull's  disease  in 
females  (10)  where  sex  cycles  were  restored  follomng  treatment  with 
desiccated  thyroid.  Cases  of  Gull's  disease  in  males  are  also  reported 
where  sexual  activity  was  restored  by.  thyroid  feeding.  IMcCullagh  (11) 
has  recently  reported  such  a  case.  In  view  of  our  observations  it  is  reason- 
able to  assume  that  an  increase  in  the  production  of  androgenic  substances 
following  desiccated  thyroid  therapy  was  also  present  in  the  cases  cited 
from  the  literature. 
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Where  the  increase  in  androgenie  material  is  produeed  is  not  known. 
However,  since  the  thyroid  gland  is  known  to  be  closely  interrelated  with 
the  adrenal  cortex  it  is  possible  that  the  lattei-  may  be  the  chief  source 
(12,  13,  14,  15). 

SUMMARY 

Data  are  presented  which  indicate  that  tlie  administration  of  large 
amounts  of  iodine  does  not  depress  the  urinary  excretion  of  androgenic 
material  in  non-Graves'  patients,  but  usually  does  so  in  cases  of  true 
Graves'  disease,  particularly  if  there  is  other  evidence  of  clinical  improve- 
ment. Desiccated  thj'roid  administration  to  the  point  of  elevating  the 
basal  metabolic  rate  does  not  definitely  lower  the  amount  of  androgenic 
substance  excreted  in  non-myxedema  patients  but  did  cause  a  significant 
rise  in  the  two  cases  of  Gull's  disease  studied.  In  Graves'  disease  the 
absolute  amount  of  androgenic  substances  excreted  in  the  urine  varies 
widel3\  In  some  cases  it  is  approximately  normal  but  more  often  it  is 
reduced ;  so  that  if  the  amount  of  androgenic  substances  excreted  is  signifi- 
cant it  can  only  be  a  relative  increase  creating  an  imbalance  in  the  realm 
of  the  steroid  hormones  and  it  ma}'  be  that  one  of  the  causes  for  improve- 
ment of  patients  with  Graves'  disease  following  partial  thyroidectomy  is 
that  it  aids  in  correcting  such  an  imbalance. 

In  Gull's  di.sea.se  there  appears  to  be  an  absolute  decrea.se  in  the  urinary 
excretion  of  androgenic  substances  which  may  be  raised  by  treatment  with 
desiccated  thyroid. 
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NOMENCLATURE   OF   CORONARY  ARTERY   DISEASE:  THE 
DIFFERENTIATION  OF  ANGINA  PECTORIS,  CORONARY 
INSUFFICIENCY  AND  CORONARY  OCCLUSION 

A.  M.  MASTER,  H.  L.  JAFFE,  S.  DACK  and  A.  GRISHMAX* 

[From  the  Cardiographic  Laboratory  of  The  Mount  Sinai  Hospital] 

In  the  past  acute  episodes  due  to  coronan^  disease  were  called  angina 
pectoris  when  the  attack  consisted  of  a  short  bout  of  substernal  pain  with- 
out clinical  findings  and  with  evanescent,  if  any,  electrocardiographic 
changes,  and  were  called  coronary  thrombosis  when  the  attack  was  asso- 
ciated with  prolonged  pain,  signs  of  shock  and  heart  failure,  changes  in  the 
heart  sounds,  a  drop  in  blood  pressure,  pericarditis  and  progressive  altera- 
tions in  the  electrocardiogram. 

In  recent  years  numerous  clinical,  electrocardiographic  and  pathological 
studies  (1  to  14)  have  added  much  to  our  knowledge  of  coronary  disease 
and  have  demonstrated  that  infarction  of  the  myocardium  may  occur 
without  coronary  closure,  i.e.,  acute  coronary  insufficiency.  This  concept 
has  introduced  the  problem  of  nomenclature  and  confusion  of  the  entire 
field  has  been  threatened  by  several  writers  (12,  14,  15)  who  advocate  that 
the  term  coronary  occlusion  be  replaced  by  mj^ocardial  infarction,  coronary 
insufficiency  or  coronary  failure,  on  the  ground  that  coronary  occlusion  is 
merely  an  extreme  instance  of  coronary  insufficiency.  We  believe,  how- 
ever, that  the  term  coronary  occlusion  should  be  retained  since  it  is  a  well 
defined  clinical  and  electrocardiographic  syndrome.  The  term  coronary 
insufficiency  should  be  restricted  to  myocardial  infarction  or  necrosis  with- 
out occlusion  since  it  is  usually  associated  with  specific  anatomic  and  elec- 
trocardiographic alterations  (2,  13)  although  it  may  resemble  coronary  oc- 
clusion clinically.  It  seems  to  us  fruitless  to  label  all  forms  of  acute 
coronarj'  disease  "coronary  insufficienc}^"  or  "coronary  failure"  when 
coronary  occlusion  and  coronary  insufficiency  in  the  limited  sense  described 
can  usually  be  distinguished  by  the  clinical  features  and  almost  always  hy 
the  electrocardiogram  (2,  13). 

The  specific  electrocardiogram  of  coronary  occlusion  consists  of  deep 
Q  waves  and  RS-T  elevations;  there  is  a  reciprocal  relationship  between 
leads  I  and  III.  In  anterior  infarction  (fig.  lA)  the  Q  waves  and  RS-T 
elevation  are  present  in  leads  I  and  IV,  in  posterior  infarction  they  occur 
in  leads  II  and  III  (fig.  IB).  There  is  a  progressive  pattern  of  change  over 
a  period  of  weeks,  the  RS-T  elevations  giving  way  to  deep  T-wave  inversions. 

*  Fellow  of  the  Dazian  Foundation  for  Medical  Research. 
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The  electrocardiogram  .seldom  returns  to  normal  and  may  be  indicative  of 
coronary  occlusion  for  many  years.  In  coronary  insufficiency  (2,  13)  the 
electrocardiogram  shows  depression  of  the  RS-T  segment  and  low,  diphasic 
or  inverted  T  waves  in  2  or  more  leads,  hiefly  leads  I  and  II  (fig.  IC). 
There  is  no  reciprocal  relationship  between  leads  I  and  III.  A  deep  Q 
wave  or  RS-T  elevation  is  rarely  encountered  and  it  is  distinctly  unusual. 
The  changes  usually  are  most  prominent  in  the  first  record  and  then 


Fig.  1A.  L.  S.  #438516,  male,  age  42.  Electrocardiogram  is  characteristic  of 
acute  coronary  occlusion  with  anterior  infarction:  large  Qi .  4,  RS-T  segments  ele- 
vated and  T  waves  inverted  in  leads  I  and  IV.  Reciprocal  relationship  of  RS-T 
and  T  in  leads  I  and  III.  Post  mortem — acute  occlusion  of  left  anterior  descending 
coronary  artery  with  anterior  infarction. 

B.  H.  S.  * 457398,  male,  age  46.  Electrocardiogram  is  typical  of  coronary  oc- 
clusion with  posterior  infarction:  large  Q3  and  elevated  RS-T  segment  and  inverted 
T  wave  inleads  II  and  III.  Reciprocal  relation  of  RS-T  and  T  in  leads  I  and  III. 
In  lead  IV  the  RS-T  segment  is  depressed.  Post  mortem — occlusion  of  right  coronary 
artery  with  posterior  infarction. 

(".  E.  C.  419670,  female,  age  55.  Electrocardiogram  indicates  coronary  in- 
sufficiency: RS-T  segment  is  depressed  and  T  wave  low  in  leads  I  and  II.  There  is 
no  reciprocal  relationship  in  leads  I  and  III.  Post  mortem — diffuse  myocardial 
necrosis  without  coronary  occlusion:  severe  coronary  sclerosis,  pulmonary  embolism. 

D.  M.  S.  * 479952,  male,  age  43.  Angina  pectoris  due  to  coronary  sclerosis. 
Electrocardiographic  changes  of  transitory  coronary  insufficiency  induced  by  exer- 
cise. Di,  taken  immediately  after  the  exercise,  shows  depression  of  RS-T  segments 
and  inversion  of  T  waves  in  the  three  standard  leads,  indicating  myocardial  ischemia. 
Do,  taken  8  minutes  later,  no  longer  shows  these  alterations  and  is  practically  normal. 

regress.  They  last  .several  hours  or  at  most  a  week  or  two.  The  electro- 
cardiogram then  returns  to  its  original  form. 

A  characteristic  electrocardiogram  is  not  present  in  every  case  of  coronary 
occlusion  for,  if  the  electrocardiogram  is  very  abnormal  to  begin  with,  the 
advent  of  a  coronary  occlusion  may  add  little  change.  In  such  a  case  the 
electrocardiogram  is  less  helpful  than  the  clinical  picture  in  making  a  diag- 
no.sis.  However,  what  we  do  wish  to  emphasize  is  that  when  the  typical 
electrocardiographic  pattern  of  coronary  occlusion  is  present,  the  latter 
is  found  post  mortem  with  very  rare  exceptions. 


TABLE  1 


Summary  of  83  consecutive  cases  suspected  of  coronary  occlusion 


ADM. 
NO. 

POST  MORTEM 

CASE 

AGE 

SEX 

ELECTROC.A.RDI0GRAM 

Occlusion 

Infarct 

Necrosis 

Peri- 
j  car- 
!  ditis 

Electrocardiogram— 

-characteristic.    Post  mortem — 

■coronary  occlusion 

1.  F.  R. 

443599 

60 

.M 

Posterior 

L.C. 

+ 

— 

2.  A.  S. 

431656 

60 

M 

Anterior 

L.A.D. 
L.C. 

+ 

3.  E.  M. 

444867 

61 

F 

Posterior 

L.C. 

+ 

4.  S.  W. 

450219 

59 

.M 

.\nt.-Post. 

R.C. 
L.A.D. 

+ 

5.  I.  S. 

425318 

45 

-M 

Posterior 

R.C. 

+ 

— 

6.  M.  0. 

457838 

74 

M 

Anterior 

L.C. 

+ 

— 

-t- 

7.  E.  H. 

463375 

55 

F 

Posterior 

R.C. 

r 

-r 

— 

8.  J.  L. 

458053 

57 

M 

Anterior 

L.A.D. 

+ 

+ 

9.  L.  C. 

460046 

44 

M 

Ant  .-Post. 

L.A.D. 
R.C. 

+ 

10.  S.  L. 

452172 

74 

M 

.\nterior 

L.A.D. 

+ 

— 

11.  M.  S. 

465417 

51 

Posterior 

R.C. 

+ 

+ 

+ 

12.  L.  C. 

454753 

43 

-M 

.\nterior 

L.A.D. 

+ 

— 

13.  H.  D. 

446681 

43 

M 

Anterior 

L.A.D. 
R.C. 

— 

14.  J.  S. 

443387 

47 

M 

Posterior 

L.A.D. 

+ 

— 

15.  H.  K. 

466751 

60 

M 

Posterior 

R.C. 

+ 

— 

16.  M.  R. 

438083 

54 

M 

Anterior 

L.A.D. 

+ 

— 

+ 

17.  L.  S. 

438516 

42 

M 

Posterior 

L.A.D. 
R.C. 

+ 

— 

+ 

18.  Z.  W. 

412881 

54 

M 

Posterior 

R.C. 

— 

+ 

+ 

19.  J.  D. 

449072 

55 

M 

.\nterior 

L.A.D. 

— 

+ 



20.  X.  P. 

452870 

82 

F 

Anterior 

L.A.D. 

+ 

— 

21.  M.  H. 

429651 

72 

M 

Ant  .-Post. 

L.A.D. 

+  Ant. 

+  Post. 

+ 

22.  A.  K. 

430289 

59 

M 

Posterior 

R.C. 

+ 

23.  J.  M. 

387038 

65 

M 

Posterior 

R.C. 

+ 

24.  D.  B. 

398067 

56 

-M 

.\ntcriGr 

L.A.D. 

+ 

— 

25.  B.  V. 

448363 

50 

F 

Anterior 

L.A.D. 

+ 

26.  S.  L. 

446600 

50 

M 

Anterior 

L.A.D. 

27.  H.  B. 

406061 

62 

yi 

Ant  .-Post. 

R.C. 

+ 

- 

28.  0.  L. 

407587 

63 

M 

Ant  .-Post. 

L.A.D. 

+ 

29.  J.  S. 

407390 

53 

Anterior 

L.A.D. 

+ 

30.  P.  S. 

390088 

55 

F 

Anterior 

L.A.D. 

+ 

+ 

31.  J.  W. 

413699 

63 

Anterior 

L.A.D. 

+ 

32.  J.  K. 

385381 

56 

M 

Anterior 

L.A.D. 

+ 

33.  X.  D. 

392047 

60 

M 

Posterior 

L.C. 
R.C. 

+ 

■ 

+ 

34.  R.  T. 

397182 

51 

F 

Anterior 

L.A.D. 

+ 

35.  J.  L. 

399108 

67 

F 

Posterior 

R.C. 

+ 

Electrocardiogram — characteristic  or  suspicious.    Post  mortem — no  coronary 

occlusion 


36. 

R 

P. 

384075 

84 

F 

Posterior 

+ 

37. 

R 

s. 

385365 

70 

F 

?  Posterior 

38. 

S. 

s. 

447331 

69 

M 

?  Anterior 

+ 

39. 

S. 

T. 

428761 

54 

Anterior 

+ 
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TABLE  1 — Continued 


ADM. 
NO. 

POST  MORTEM 

CASE 

AOE 

SEX 

ELECTROrAROIOGKAM 

Occlusion 

1  Infarct 

Necrosis 

Peri- 
car- 
ditis 

Electrocardiogram — biindlc-hraiicli  l)lock.    Post  mortem — coronary  occlusion 

present 


40.  G.  K. 

453380 

65 

M 

BBB 

Vent.  Tachy. 

L.A.D. 

+ 

41.  I).  F. 

383531 

75 

M 

BBB 

Long  P-R 

R.C. 

+ 

42.  T.  B. 

395287 

58 

M 

BBB 

L.A.D. 

+ 

43.  W.  V. 

444679 

51 

M 

BBB,  Complete 
A-V  Block 

L.A.D. 
L.C. 

+ 

+ 

44.  U.  D. 

387259 

52 

F 

BBB,  Small  R, 

R.C. 

+ 

Electrocardiogram— 

-non-specific.    Post  mortem — coronary  occlusion  present 

45.  S.  H. 

402867 

50 

M 

T, 

L.A.D. 

+ 

— 

46.  J.  L. 

381256 

62 

M 

T, 

L.C. 

+ 

— 

47.  P.  B. 

386384 

67 

-M 

T, 

R.C. 

+ 

— 

48.  E.  A. 

455567 

48 

F 

Hypertension 

R.C. 

+ 

— 

49.  A.  L. 

458297 

69 

M 

L.A.D. 
L.C. 

+ 

— 

50.  A.  V. 

415936 

61 

M 

T. 

R.C. 

+ 

— 

51.  A.G. 

404952 

52 

M 

T,.  , 

R.C. 

- 

52.  M.  H. 

449478 

85 

M 

Q3T, 

R.C. 

+ 

53.  C.  B. 

434487 

68 

-M 

Ti,  3. 

L.A.D. 

54.  A.  K. 

445548 

74 

M 

T,.3 

L.A.D. 

+ 

Electrocardiogram — 

non-specific.    Post  mortem — no  coronary  occlusion 

55.  C.  H. 

459153 

68 

F 

56.  T.  B. 

433469 

62 

M 

57.  E.  B. 

434121 

77 

M 

58.  X.  P. 

435696 

47 

M 

59.  L.  S. 

461830 

70 

.M 

60.  L.  S. 

445536 

59 

M 

61.  A.  H. 

436060 

60 

F 

62.  S.  B. 

410730 

55 

F 

63.  B.  F. 

395731 

52 

F 

64.  W.  S. 

392658 

60 

M 

65.  M.  K. 

434044 

48 

M 

66.  T.  R. 

432200 

67 

M 

67.  A.  H. 

431847 

71 

M 

68.  S.  P. 

463069 

62 

M 

69.  R.  S. 

456510 

51 

M 

70.  A.  E. 

459042 

73 

M 

71.  T.  S. 

467151 

57 

M 

72.  M.  F. 

447501 

46 

.M 

+ 

73.  L.  L. 

461925 

66 

-M 

74.  M.  R. 

451972 

60 

M 
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TABLE  1— Concluded 


ADM. 
NO. 

POBT  MORTEM 

CASE 

AGE 

SEX 

ELECTEOCARDIOGRAM 

Occlusion 

j  Infarct  Necrosis 

Peri- 
car- 
ditis 

Electrocardiogram — non-specific.    Post  mortem — no  coronary  occlusion — Cont. 


75.  T.  A. 

427389 

45 

M 

76.  S.  B. 

434527 

74 
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M 
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65 
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80.  A.  G. 
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45 

M 
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449478 

85 

M 

82.  B.  W. 

442487 

64 

M 

+ 

83.  A.  K. 

438614 

68 

M 
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The  typical  symptoms  and  signs  of  coronary  occlusion  occasionally  are 
simulated  by  coronary  in.'^ufficiency  but  certain  factors  usually  enable  one 
to  distinguish  them  even  without  the  electrocardiogram  (13)  (table  1). 
Coronary  occlusion  usually  occurs  at  rest  and  is  unrelated  to  external  fac- 
tors, such  as  effort  and  excitement.  It  is  merely  an  incident  in  the  course 
of  coronary  sclerosis.  On  the  other  hand  coronary'  insufficiency,  while 
predisposed  to  by  coronarj^  sclerosis,  hypertension  and  cardiac  enlargement, 
may  be  precipitated  by  any  condition  decreasing  the  coronary  flow  or  in- 
creasing the  work  of  the  heart,  such  as  effort,  emotion,  hemorrhage,  shock, 
operation,  heart  failure,  tachycardia,  heart  block,  aortic  stenosis  or  in- 
sufficiency', hypertensive  crisis.  The  relative  insufficiency  of  coronary  flow 
may  or  may  not  produce  cardiac  necrosis.  In  coronary  occlusion  the  pain 
is  usually  very  severe  whereas  in  coronary  insufficiency  it  frequenth-  is  mild 
or  is  masked  by  the  underlying  condition;  indeed,  there  may  be  no  symp- 
toms at  all  and  the  diagnosis  is  then  entirely  electrocardiographic.  Shock, 
heart  failure,  changes  in  the  heart  sounds,  gallop  rhythm,  fall  in  blood  pres- 
sure, arrhythmias,  leucocytosis,  fever  and  rapid  sedimentation  time  are 
cardinal  signs  of  coronary  occlusion;  in  coronary  insufficiency  they  may  be 
mild  or  absent.  Azotemia  and  glycosuria  are  much  more  common  in 
coronary  occlusion.  The  course  of  coronary  occlusion  is  usually  prolonged 
whereas  the  .symptoms  of  coronary  insufficiency  frequently  disappear  as 
soon  as  the  precipitating  factor  is  removed  and  may  last  but  a  few  hours. 

Coronary  occlusion  and  coronary  insufficiency  also  differ  pathologically 
(2,  8,  13).  The  former  produces  a  large  confluent  infarct,  often  extending 
from  the  endocardium  to  the  pericardium;  coronary  insufficiencA'  may 
produce  no  changes  in  the  myocardium,  or,  if  the  degree  of  ischemia  is 
severe  and  prolonged,  usually  results  in  focal  disseminated  areas  of  necrosis 
in  the  subendocardial  layer  and  papillary  muscles;  the  infarct  is  small, 
hardly  ever  a  large  one.    These  anatomical  differences  explain  the  diverse 
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electrocardiographic  patterns  in  occlusion  and  insufficiency  since  it  has  been 
shown  that  RS-T  elevation,  which  is  found  in  occlusion,  is  due  to  involve- 
ment of  the  pericardium  or  the  outer  portion  of  the  myocardium,  whereas 
RS-T  depression  is  associated  with  changes  in  the  subendocardial  laj'er, 
as  in  coronary  insufficiency.  The  anatomical  differences  also  explain  the 
frequency  of  pericarditis  and  mural  thrombosis  with  embolization  in  in- 
farction due  to  coronary  occlusion  and  their  absence  in  necrosis  due  to 
coronary  insufficiency. 

For  statistical  purposes  we  have  reviewed  the  last  83  consecutive  post 
mortem  cases  in  which  the  diagnosis  of  coronary  occlusion  had  been  sus- 
pected clinically  (table  1).  The  average  number  of  electrocardiograms 
for  each  case  was  two.  First  the  cases  were  divided  clinically  into  three 
groups;  coronary  occlusion,  coronary  insufficiency  or  neither,  as  judged 
from  the  history,  clinical  course  and  electrocardiogram.  These  results 
were  then  correlated  with  the  pathological  findings.  The  method  of  ex- 
amining the  hearts  has  already  been  presented  (11,  16).    The  arteries 

TABLE  2 


Correlation  of  electrocardiographic  and  post-mortem  findings  in  83  cases  suspected  of 

coronary  occlusion 


AUTOPSY — CORONARY  OCCLUSION 

ELECTROCARDIOGRAM 

NUMBER 

Present 

Absent 

Characteristic  

37 

35 

2 

Suspicious  

2 

1 

1 

Bundle-branch  block  

5 

5 

0 

Non-specific  

39 

10 

29 

were  minutely  examined  after  cross  sectioning  at  intervals  of  2  to  3  cm. 
This  method  has  disclosed  as  great  a  percentage  of  coronary  occlusion  as 
any  other  method  including  injection  (12).  In  37  cases  the  electrocardio- 
gram was  considered  characteristic  of  coronary  occlusion,  that  is,  RS-T 
elevations  and  deep  Q  waves  were  present  (table  2).  Coronary  occlusion 
was  found  post  mortem  in  all  but  two  of  these  cases,  that  is,  in  95  per  cent. 
The  two  exceptions  were  pulmonary  embolism  and  coronary  insufficiency. 
Sixteen  additional  cases  died  of  coronary  occlusion:  in  ten  of  these  the 
electrocardiogram  was  not  specific,  that  is,  there  were  QRS  and  T  wave 
abnormalities  but  no  RS-T  elevations  or  progressive  changes;  bundle- 
branch  block  was  present  in  five  and  in  the  remaining  one  the  electro- 
cardiogram was  hj'pertensive  in  type  but  was  somewhat  suspicious  of 
coronary  occlusion  because  of  a  cove-plane  T  wave  in  lead  IV.  There 
were  29  cases  in  which  the  electrocardiogram  did  not  suggest  coronary 
occlusion  and  this  was  not  found  post  mortem.  These  included  cases  of 
acute  coronarj'  insufficiency,  sudden  postoperative  death,  acute  cor  pul- 
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monale,  acute  heart  failure,  pneumonia  with  shock,  the  cHnical  course  of 
which  raised  the  suspicion  of  coronary  occhision.  In  the  final  case  the 
electrocardiogram  was  suspicious,  but  not  typical,  of  coronary  occlusion 
and  the  cause  of  death  proved  to  be  pulmonarj-  embolism. 

Summarizing  the  above  findings  it  will  be  seen  that  when  the  electro- 
cardiogram is  characteristic  of  coronary  occlusion  the  latter  is  found  at 
post-mortem  examination  in  95  per  cent  of  the  cases.  The  two  exceptions 
were  pulmonary  embolism  and  coronary  insufficiency.  As  is  well  knowTi, 
the  electrocardiogram  in  pulmonary  embolism  may  simulate  that  seen 
in  occlusion  of  the  right  coronary  artery  with  posterior  infarction  sinee  lead' 
III  may  show  a  deep  Q  wave  and  RS-T  elevation.  In  the  exceptional 
case  of  coronary  insufficiency  ^nth  infarction  in  the  absence  of  occlusion 
the  electrocardiogram  simulated  coronarj^  occlusion  in  that  there  was  a 
Q  wave  and  RS-T  elevation  in  lead  I\.  However,  an  intraventricular 
defect,  another  pos.sible  cau.se  of  the.se  electrocardiographic  changes,  was 
also  present.  It  is  apparent  that  coronary  occlusion  does  not  always  pro- 
duce a  typical  electrocardiogram;  the  alterations  in  the  electrocardiogram 
may  be  non-specific  since  preexisting  QRS  and  T  wave  abnormalities, 
bundle-branch  block  and  the  pattern  of  a  large  left  or  right  ventricle  may 
persist  in  spite  of  a  fresh  coronary  occlu.sion  and  no,  or  atypical,  acute 
changes  may  appear.  This  applies  particularly  to  bundle-branch  block. 
It  .should  be  remembered  also  that  the  cases  studied  in  this  series  were 
fatal  and  that  many  had  had  previous  coronary  occlusion  resulting  in  very 
abnormal  electrocardiograms  prior  to  the  attack  which  may  mask  the 
acute  changes.  Also  many  of  the  cases  had  only  one  or  two  electrocardio- 
grams; if  the  patient  had  lived  longer  typical  changes  might  have  appeared. 

Our  findings,  we  believe,  justify  the  retention  of  the  term  coronary  oc- 
clusion since  in  most  cases  the  clinical  picture  is  typical  and  the  electro- 
cardiographic pattern  is  pathognomonic.  Except  in  very  rare  cases  it  is 
readily  distingiushable  from  coronary  in.sufficiency  in  the  .sense  described 
previously.  To  be  sure,  it  is  theoretically  possible  to  group  both  of  these 
under  the  general  term  coronary  insufficiency  and  to  attribute  the  clinical 
syndrome  and  electrocardiographic  changes  to  the  resulting  infarction. 
In  this  scheme  coronary  occlusion  would  represent  the  severest  degree  of 
coronary  insufficiency.  However,  we  can  not  see  any  practical  advantage 
in  this  suggestion,  which  tends  to  obscure  the  subject.  In  our  opinion  it 
is  preferable  to  retain  the  term  coronary  occlusion  which  is  so  firmly  en- 
trenched in  common  usage  and  describes  a  definite  clinical  and  electro- 
cardiographic entity.  In  fact,  we  have  observed  cases  of  coronary  oc- 
clusion with  a  characteristic  electrocardiogram  in  which  occlusion  was 
found  po.st  mortem  without  infarction  because  the  patient  had  died  too 
soon.  Such  cases  comprised  14  per  cent  of  a  large  series  studied  by  Horn 
and  Finkelstein  (11)  at  autopsy.  .\lso  changes  have  appeared  \\-ithin 
twenty  minutes  after  the  attack.    Certainly,  in  such  cases  the  electro- 
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caicliographic  pattern  cannot  be  ascribed  to  infarction.  Merely  l)ecause 
some  cases  of  coronary  occlusion  do  not  reveal  the  typical  electrocardio- 
graphic pattern  and  rare  cases  of  coronary  insufficiency  present  changes 
usually  associated  with  occlusion  is  not  sufficient  reason  to  discard  the 
concept  of  coronary  occlusion.  We  have  showTi  that  this  diagnosis  can  be 
made  correctly  in  the  overwhelming  majority  of  cases.  In  the  few  ca.ses 
in  which  it  is  not  possible  to  make  a  definite  diagnosis  the  cause  of  the 
infarction  may  be  left  in  abeyance  temporarily  until  it  is  clarified  by  the 
future  course  of  the  disease.  If  there  is  rapid  improvement,  particularly 
in  the  electrocardiogram,  the  condition  is  probably  coronary  insufficiency. 
If  the  changes  are  slowly  progressive  it  is  probably  coronary  occlusion. 
In  addition  to  the  typical  RS-T  depression  in  the  electrocardiogram  the 
diagnosis  of  coronary  insufficiency  should  be  suspected  when  a  precipitating 
factor,  such  as  hemorrhage,  shock  or  aortic  stenosis,  is  present.  Such  a 
differentiation  is  important  from  a  therapeutic  standpoint  since  in  myo- 
malacia due  to  coronary  insufficiency  prompt  treatment  of  the  condition 
precipitating  it  may  be  lifesaving.  In  infarction  due  to  coronary  occltision 
such  treatment  may  at  times  actually  be  harmful. 

It  would  also  seem  worthwhile  to  retain  the  term  angina  pectoris  although 
it  is  nothing  more  than  a  very  transitory  attack  of  coronary  insufficiency. 
It  represents  a  well  established  clinical  syndrome,  that  is,  attacks  of  sub- 
sternal pain  precipitated  by  effort,  excitement,  cold,  food,  etc.  It  is  re- 
lieved by  nitroglycerin  or  disappears  as  soon  as  the  precipitating  factor  is 
withdrawn.  Since  the  coronary  insufficiency  lasts  a  short  time  there  are  no 
gross  changes  in  the  myocardium  and  very  transient  alterations  in  the 
electrocardiogram,  if  any.  When  present  they  are  typical  of  coronary 
in.'^ufficiency,  consisting  of  RS-T  depre.s.sion  and  T  wave  changes  (fig.  ID). 
There  are  no  changes  in  the  heart  sounds  and  blood  pressure,  and  my- 
ocardial failure  does  not  occur. 

We  suggest  the  following  as  a  practical  nomenclature  of  acute  coronary 
di.sease. 

1.  Angina  Pectoris — transient  coronary  insufficiency  with  typical  at- 
tacks of  substernal  or  precordial  pain  on  effort  and  transient  or  no  acute 
electrocardiographic  changes. 

2.  Coronary  Insufficiency — a  more  .severe  or  prolonged  degree  of  in- 
sufficiency than  angina  pectoris.  It  may  .simulate  the  latter  or  be  a.symp- 
tomatic.  It  is  associated  with  subendocardial  areas  of  necrosis  in  the 
myocardium  and  typical  electrocardiographic  changes  (RS-T  depression 
and  T  wave  inversion)  lasting  several  hours  or  days.  The  epi-sode  is 
usually  associated  with  a  precipitating  factor  increasing  the  work  of  the 
heart  or  diminishing  the  coronary  flow.  Clinical  symptoms  may  be  ab.sent 
or  may  simulate  coronary  occlusion. 

3.  Coronary'  Occlusion — complete  obstruction  of  a  coronarj-  artery 
with  massive  through  and  through  infarction,  resulting  in  a  characteristic 
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clinical  picture  and  electrocardiogram,  including  Q  waves,  and  RS-T  eleva- 
tions progressing  into  T  wave  inversions  which  persist  for  a  long  period. 
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OTITIC  INFECTIONS  DUE  TO  THE  PNEUMOCOCCUS  TYPE  III 
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Hospital,  Xew  York] 

The  peculiar  clinical  course  of  otogenous  infections  due  to  the  Pneumo- 
coccus  Type  III  attracts  the  interest  and  attention  of  the  internist  as 
well  as  the  otologist.  The  insidious  character  of  this  infection  as  well  as 
its  recognized  tendency  to  produce  intracranial  complications  has  been  a 
source  of  concern  ever  since  Schottmiiller  (1)  described  this  organism  in 
1903.  He  named  it  Streptococcus  mucosus  because  of  its  mucus-producing 
property  on  blood  agar  cultures.  It  was  his  impression  that  he  was  deahng 
with  the  same  organism  that  Richardson  (2)  had  described  two  years 
pre\  iously  but  had  called  Pseudopneumococcus.  Since  that  time  the 
pneumococcus  type  III  has  been  erroneously  classified  as  a  streptococcus 
and  the  term  Str.  mucosus  has  remained  more  or  less  fixed  in  the  minds  of 
physicians.  In  spite  of  the  fact  that  in  1927  it  was  definitel.v  estabhshed 
and  classified  as  the  pneumococcus  type  III  according  to  bacteriologic 
standards  of  bile  solubility,  agglutination  and  precipitation,  the  organism 
at  the  present  time  is  still  referred  to  by  some  as  Str.  mucosus.  It  is 
advisable  that  this  misnomer  be  abandoned  and  the  correct  term — Pneu- 
mococcus type  III — be  universally  adopted. 

Notable  is  the  fact  that  in  3  of  the  7  cases  first  desciibcd  by  Schottmiiller 
in  which  this  organism  was  obtained  the  condition  was  of  otitic  origin. 
In  each  of  these  3  the  infection  terminated  in  bacterial  meningitis,  and  the 
organism  was  recovered  from  the  spinal  fluid.  The  same  author  at  that 
time  made  the  interesting  clinical  observation  that  the  mastoid  bone  was 
in\  olved  relatively  early,  ,that  the  tympanic  membrane  showed  slight 
changes  and  that  the  meningitis  was  of  a  fulminating  nature,  occurring 
within  one  week  of  the  onset  of  the  otitis. 

Xeumann,  Ruttin  and  Gohn  (3),  in  1909,  were  among  the  first  to  draw 
the  attention  of  the  otologist  to  the  pneumococcus  type  III.  They  con- 
sidered this  organism  the  causative  factor  in  the  production  of  a  character- 
istic clinical  otologic  picture,  with  which  otologists  are  more  or  less  familiar 
at  the  present  time.  Since  that  time,  although  many  references  to  this 
subject  have  been  made  in  the  literature  both  here  and  abroad,  few  authors 
have  entered  into  a  comprehensive  analytic  study  of  infections  by  the 
pneumococcus  type  III.  Thus,  there  appeared  reports  of  cases  of  Kruger 
(4),  Moulonguet  and  Piton  (5),  Mathe  (6),  Urbantschitsch  (7),  Brunner 
(8)  and  others.    Richter  (9),  in  1929,  and  Claus  (10),  in  1930,  pubhshed 
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more  detailed  reports  on  this  subject.  The  Japanese  authors  Ko  and 
Kadiura  (11)  have  contributed  papers  on  the  experimental  biologic  proper- 
ties of  the  organism. 

Realizing  the  importance  of  the  pneumococcus  type  III  infectioil  to 
otologA'  and  the  relative  scarcity  of  references  to  this  subject  in  the  htera- 
ture,  Ave  have  reviewed  all  the  cases  of  pneumococcus  type  III  mastoiditis 
observed  in  the  otologic  service  at  The  ^Mount  Sinai  Hospital  during  a 
period  of  nine  years  (1929  to  1937  (12)).  These  totaled  73.  Only  those 
cases  were  included  in  which  a  definite  diagnosis  was  established  by  re- 
covery of  the  organism  on  culture  of  material  obtained  from  the  middle 
ear  or  the  mastoid  at  operation  or  of  the  blood  or  spinal  fluid.  From  our 
clinical  experience  with  the  type  of  otologic  infection  under  discussion  and 
from  an  analytic  study  of  the  cases  observed,  our  concept  of  the  varying 
character  of  this  clinical  entity  has  been  further  enlarged. 

Sex:  Of  the  73  patients  55  were  male  and  18  female;  a  proportion  about 
the  same  as  for  the  usual  otitic  infection. 

Age:  With  the  exception  of  a  definite  preponderance  of  pneumococcus 
type  III  infections  in  the  aged,  there  was  essentially  no  difference  in  the 
age  incidence  of  otitic  infections  due  to  this  organism  and  to  the  strepto- 
coccus. Fifty-two  per  cent  of  the  cases  occurred  in  the  fifth,  the  sixth  and  the 
seventh  decade.  AVe  have  also  observed  that  not  only  is  pneumococcus 
type  III  otitis  relatively  less  frequent  in  children  than  in  adults,  but  it  is 
less  virulent.  In  children  the  pneumococcus  type  III  does  not  give  the 
same  concern  as  it  does  in  adults. 

It  is  believed  that  pneumococcus  type  III  otitic  infections  are  prevalent 
among  those  suffering  from  diabetes  or  other  debilitating  diseases.  Di- 
abetes was  present  in  12  of  the  73  cases  in  this  series.  The  impression  is 
gained  that  the  a.ssociation  of  diabetes  with  pneumococcic  infections  is 
definitely  higher  than  with  other  types  of  otitic  infection. 

TYPES  ACCORDING  TO  CLINICAL  COURSE 

In  an  analy.sis  of  the  cases  we  observed,  with  regard  to  the  clinical  course, 
a  division  into  three  groups  could  be  made.  A  sharp  fine  of  demarcation 
between  these  groups  was  not  always  possible.  The  following  division.? 
were  made: 

1.  Prolonged  insidious  clinical  course  with  few  or  no  physical  'signs, 
followed  by  evidence  of  mastoiditis  or  intracranial  compUcation  (18 

cases) . 

2.  The  u.sual  cUnical  course  of  infection  of  the  middle  ear,  followed  by 
evidence  of  mastoiditis  or  intracranial  compUcation  (53  cases) . 

3.  Short  clinical  course  (two  to  five  days),  followed  by  intracranial 
complications  (2  cases). 

It  should  be  noted  that  type  3  corresponds  more  or  less  to  the  type 
described  by  Schottmiiller  (1)  in  1903  and  to  the  so-called  foudroyante  type 
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reported  by  Ruttin  (13)  in  1934.  Type  1  is  the  one  to  which  most  frequent 
reference  is  made  in  the  literature  and  with  which  physicians  are  most 
familiar. 

SYMPTOMS 

While  in  the  majority  of  cases  studied  the  otitis  was  u.shered  in  by  an 
infection  of  the  upper  part  of  the  respiratoiy  tract,  usually  of  influenzal 
type  (44  of  73  cases),  not  infrequently  no  such  history  was  elicited.  In 
8  instances  the  otitis  set  in  shortly  after  swimming. 

Pain  in  the  ear  or  in  the  mastoid  region,  commonly  observed  in  strepto- 
coccic infections,  is  also  a  frequent  complaint  in  this  form  of  otitis.  Hemi- 
cranial  pain  was  a  frequent  complaint  (44  cases).  Pain  in  the  eye  was 
present  in  4  cases.  Of  particular  importance  was  the  absence  of  otalgia 
throughout  the  course  of  the  otitis,  although  signs  of  mastoiditis  or  intra- 
cranial complication  subsequently  developed. 

Tinnitus  or  fullness  in  the  ear  was  present  in  1 1  instances.  While  it 
maj'  be  associated  with  other  symptoms  of  otitis  media,  it  is  important  to 
remember  that  it  may  be  the  only  .symptom  throughout  the  illness.  Such 
was  the  case  in  4  instances;  in  1  of  these  treatment  for  four  months  before 
admission  to  the  hospital  consisted  of  catheterization  of  the  eustachian 
tube,  after  which  aural  examination  disclosed  definite  evidence  of  mastoid 
involvement. 

A  not  unusual  observation  which  we  feel  is  somewhat  characteristic  of 
pneumococcus  type  III  infection  is  a  latent  period  during  the  clinical 
course,  followed  by  a  return  or  e.xacerbation  of  sj'mptoms.  This  was 
noted  in  7  instances. 

TYPES  ACCORDING  TO  .\UR.\L  SIGNS 

The  otoscopic  picture  may  be  one  of  the  following  types: 

1.  Picture  of  acute  .suppurative  otitis  usually  seen  in  streptococcic 
infections. 

2.  Resolving  middle  ear  following  a  suppurati^•e  process.  The  drum 
is  thickened;  landmarks  are  visible  to  varying  degrees;  there  is  no  dis- 
charge, and  occasionally  there  is  sagging  of  the  posterosuperior  canal  wall. 

3.  Dry  middle  ear — absence  of  discharge  throughout  illness  (from 
history). 

4.  Influenzal  picture — blebs  on  the  tympanic  membrane  and  in  the 
external  canal. 

5.  Mucoid  discharge  from  the  tympanum  throughout  the  course  of  the 
otitis. 

Comment  on  these  types.  Type  1.  Those  cases  of  Pneumococcus  type 
III  otitis  in  which  the  tympanic  membrane  resembles  that  in  the  usual 
streptococcic  infection  present  a  type  1  picture  and  are  by  far  the  most 
frequent.    Since  there  are  no  characteristic  changes,  the  picture  being 
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familiar  to  all  otologists,  this  group  will  receive  little  comment.  It  must 
not  be  construed,  however,  that  this  type  may  not  run  a  prolonged  in- 
sidious course,  or  a  short  clinical  course  terminating  in  an  intracranial 
complication  (types  1  and  3  according  to  clinical  course,  previously  de- 
scribed). Because  of  the  resemblance  of  this  otoscopic  picture  to  that  seen 
in  the  usual  streptococcic  infection,  the  importance  of  determining  the 
type  of  organism  can  readily  be  understood. 

Type  2.  Acute  mastoiditis  or  intracranial  complication  in  the  presence 
of  a  resolving  middle  ear  is  characteristic  of  pneumococcus  type  III  in- 
fection. In  such  instances  there  is  a  cessation  of  the  aural  discharge; 
the  landmarks  show  evidence  of  I'eappearing;  radiating  vessels  can  be  seen 
on  the  drum,  and  the  patient  is  apparently  recovering.  Postauricular 
tenderness  may  or  may  not  be  present.  Occasionally  there  exists  sagging 
of  the  superior  canal  wall,  associated  with  spontaneous  otalgia  or  head- 
aches. Such  an  otologic  picture  may  be  followed  abrupth'  by  an  intra- 
cranial complication.  We  have  histologic  sections  demonstrating  ex- 
tensive destruction  in  the  petrous  pyramid  in  the  presence  of  a  resolving 
middle  ear. 

Type  3.  The  tympanic  membrane  ma^'  be  dull  gray  and  somewhat 
thickened,  and  some  of  the  landmarks  are  still  visible.  While  this  picture 
may  be  associated  with  signs  of  mastoiditis  and  thus  resemble  type  2  just 
described  (with  the  exception  of  the  absence  of  a  history  of  aural  discharge 
at  any  time),  there  may  be  but  few  symptoms,  such  as  fullness  or  tinnitus 
in  the  ear  for  a  prolonged  period.  Repeated  roentgen  examinations  are  of 
paramount  impoitance  in  such  instances.  That  mastoiditis  may  exist 
in  the  absence  of  aural  discharge  is  well  kno\Mi.  We  are  not  concerned 
here  with  infants  in  whom  subperiosteal  abscess  in  the  absence  of  aural  dis- 
charge is  not  an  infrequent  finding.  An  intact  drum  with  involvement  of 
the  mastoid  is  more  commonly  ob.served  in  infections  by  the  pneumococcus 
type  III  than  in  those  bj-  the  streptococcus. 

Type  4.  The  so-called  influenzal  type  vdih  blebs  on  the  drum  and  canal 
requires  but  little  comment.  As  is  well  known,  the  influenza  bacillus  is 
seldom  found.  While  the  streptococcus  is  the  organism  usually  recovered, 
it  should  be  borne  in  mind  that  the  pneumococcus  type  III  may  be  the 
sole  invader. 

Type  5.  It  is  stated  in  the  literature  that  the  presence  of  a  mucoid  aural 
discharge  over  a  prolonged  period  is  characteristic  of  pneumococcus  type 
III  otitis.  We  have  found  this  in  but  2  instances.  In  general,  the  char- 
acter of  the  aural  discharge  does  not  give  one  a  clue  to  the  type  of  invading 
organism. 

IMPAIRMENT  OF  HEARING 

Marked  impairment  of  hearing  is  often  present.  It  was  observed  in  46 
of  the  73  cases.    Of  particular  significance  is  pronounced  impairment  of 
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hearing  in  the  presence  of  an  apparently  normal  tympanic  membrane. 
The  drum  may  be  but  slightly  thickened,  the  ear  dry  and  the  landmarks 
partly  visible;  nevertheless,  the  hearing  is  impaired  to  the  extent  that  a 
forced  whisper  is  not  heard.  These  findings  should  make  one  suspicious 
of  Pneumococcus  type  III  infection.  While  marked  impairment  of  hear- 
ing is  usual,  in  some  instances  the  hearing  may  be  but  little  affected.  Seven 
patients  with  exceptionally  good  hearing  had  evidence  of  mastoiditis, 
which  was  verified  at  operation. 

TENDERNESS  OVER  THE  AI.A.STOID 

Tenderness  o\-er  the  mastoid  is  undoubtedly  of  significance  in  the  diag- 
nosis of  postauricular  involvement  in  the  majority  of  cases,  as  with  all 
other  types  of  infection  of  the  mastoid.  It  was  noted  in  49  cases  studied. 
Worthy  of  mention,  however,  is  the  fact  that  in  a  fairly  considerable  num- 
ber of  instances  this  important  sign  was  absent  throughout.  Suggestive 
of  the  in.sidious  nature  of  the  infection  was  the  occurrence  in  7  ca.ses  of  a 
subperiosteal  abscess,  preceded  by  a  more  or  less  symptomless  course.  It 
is  of  importance  to  emphasize  the  point  that  all  the  patients  in  this  group 
were  in  the  fifth  or  the  sixth  decade. 

BACTERIOLOGY 

The  pneumococcus  type  III,  as  is  well  recognized,  is  an  exceedingly 
virulent  organism,  owing  to  the  fact  among  other  things  that  it  is  sur- 
rounded by  a  resistant  capsule.  Biologically  the  pneumococcus  type  III 
differs  from  the  streptococcus  in  that  the  virulence  of  the  former  does  not 
vary  to  any  appreciable  degree  as  does  that  of  the  latter.  A  characteristic 
feature  of  the  pneumococcus  type  III  infections  of  the  mastoid  is  the 
tendency  to  gradual  but  extensive  invasion  of  the  contiguous  structures. 
The  view  generally  accepted  is  that  this  organism  rarely  invades  the  large 
venous  radicles,  which  may  account  for  the  comparative  infrequence  of 
sinus  thrombophlebitis. 

Although  the  pneumococcus  type  III  is  the  infecting  organism  in  the 
middle  ear,  Streptococcus  haemolyticus  may  be  recovered  from  the  mas- 
toid. This  observation  was  made  in  4  of  the  cases  herein  described. 
Overgrowth  of  the  pneumococcus  type  III  in  the  mastoid  by  the  strep- 
tococcus is  the  explanation  offered  for  this  occurrence.  Similarly,  cultures 
of  the  discharge  from  the  middle  ear  may  repeatedly  reveal  the  presence  of 
Staphylococcus  aureus.  The  latter  not  infrequently  overgrows  the 
pneumococcus  and  thus  for  a  time  obscures  the  bacteriologic  diagnosis. 

The  bacteriologic  characteristics  of  Pneumococcus  type  III  just  referred 
to  are  some  of  the  views  expressed  by  Gregory  Shwartzman,  bacteriologist 
at  The  Mount  Sinai  Hospital.  It  is  our  impression  that  this  organism  is 
frequently  dormant  in  the  accessory  nasal  sinuses  and  when  activated  by 
an  acute  infection  of  the  respiratory  tract  may  .secondarily  invade  the  ear. 
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In  4  instances  an  infection  of  one  ear  by  the  pneumococcus  type  III  was 
followed  by  an  involvement  of  the  other  ear  bj-  the  same  organism  after  a 
free  interval  of  one  and  one-half  to  two  years. 

ROENTGEN  EXAMINATION 

In  general,  we  may  state  that  the  roentgen  findings  in  themselves  are 
not  sufficiently  characteristic  to  warrant  a  diagnosis  of  pneumococcus 
type  III  infection.  In  our  experience  only  rarely  has  the  roentgen  exam- 
ination disclosed  the  "mottled  appearance"  believed  to  be  suggestive  of  a 
destructive  process  in  the  bone  due  to  this  organism.  A  roentgenogram 
showing  such  a  picture,  however,  has  been  of  inestimable  value  in  establish- 
ing the  diagnosis  of  mastoiditis  in  those  cases  in  which  there  are  few  signs 
or  symptoms.  Shortly  after  the  diagnosis  of  pneumococcus  type  III 
otitis  is  made,  recourse  to  repeated  roentgen  examinations  of  the  mastoid 
is  advisable,  in  order  not  to  overlook  progressive  inflammatorj'  changes 
in  the  mastoid  and  petrous  pyramid. 

OPERATIVE  FINDINGS 

Before  describing  the  operative  findings,  reference  should  be  made  to 
the  interval  between  the  onset  of  the  aural  infection  and  the  appearance  of 
evidence  of  involvement  of  the  mastoid.  The  average  duration  of  S3'mp- 
toms  (obtained  from  the  history)  prior  to  surgical  intervention  was  thirty- 
three  days.  This  is  a  longer  interval  than  is  ordinarily  observed  in 
streptococcic  invasions  of  the  mastoid.  Among  the  cases  herein  described 
there  was  an  interval  in  1  of  five  months,  in  3  of  four  months  and  in  2  of 
three  months. 

Mastoidectomy  was  performed  in  69  cases.  In  a  considerable  number 
of  these  there  were  no  characteristic .  changes  in  the  bone,  the  operative 
findings  differing  in  no  way  from  those  of  the  usual  type  of  mastoiditis. 
Of  importance  was  the  presence  in  41  instances  of  extensive  destruction  of 
bone  in  the  mastoid.  Marked  softening  of  the  bone  without  actual  pus 
formation  was  a  frequent  observation.  In  addition,  a  mucoid  exudate  was 
occasionally  seen.  Extensive  softening  of  the  bone  or  a  mucoid  discharge 
frequently  aroused  our  suspicion  of  pneumococcus  type  III  infection,  which 
was  subsequently  verified  by  culture.  In  23  cases  a  pei-isinal  absce.ss  was 
noted,  and  in  9  an  epidural  abscess  of  the  middle  or  posterior  fossa.  In 
many  instances  the  destructive  processes  had  extended  into  the  petrous 
pyramid.  Mention  was  previously  made  of  the  rather  unusual  finding 
of  a  subperiosteal  abscess  in  7  adults. 

The  postoperative  course  in  the  majority  of  cases  observed  at  the  hos- 
pital during  the  past  seven  years  was  uneventful.  In  the  decade  preceding 
the  period  included  in  the  present  investigation  complications  were  more 
commonly  encountered.  The  improvement  in  the  outcome  can  be  as- 
cribed possibly  to  variations  in  the  virulence  of  the  organism — although, 
as  previously  stated,  we  doubt  this — to  earlier  diagnosis  and  to  more 
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prompt  surgical  intervention.  An  autogenous  vaccine  recommended  by 
Goldman,  Shwartzman  and  Herschberger  (14),  was  administered  to  prac- 
tically all  patients  in  the  past  seven  years. 

COMPLICATIONS 

In  general  it  can  be  stated  that  otitic  infections  due  to  the  pneumococcus 
type  III  are  more  prone  to  give  rise  to  intracranial  complications  than 
infections  of  streptococcic  origin.  Of  the  complications,  meningitis  is 
common.  It  occurs  either  early — that  is,  in  the  first  week  of  the  otitis — or, 
more  commonly,  late,  after  an  insidious  course  with  evidence  of  extensi^■e 
disease  in  the  temporal  bone.  Thus,  in  4  of  our  cases  meningitis  developed 
during  the  first  week  of  the  otitis  and  in  8  it  occurred  much  later. 

E.xtension  of  the  inflammatory  process  to  the  petrosa  is  not  uncommon. 
Suppuration  in  this  structure  was  found  in  13  cases,  in  8  of  which  the 
diagnosis  was  made  clinically.  In  the  remaining  5  there  were  no  pln'sical 
signs  or  symptoms  the  diagnosis  having  been  made  by  postmortem  or 
histologic  examination. 

Thrombophlebitis  of  the  sigmoid  sinus  and  jugular  bulb,  as  previously 
stated,  is  a  comparatively  uncommon  complication.  It  occurred  in  only  3 
cases.  It  is  of  importance  to  emphasize  the  point  that  the  clinical  course 
of  sinus  thrombophlebitis  due  to  the  pneumococcus  type  III  not  infre- 
quently is  atypical  and  may  be  asymptomatic  throughout.  The  diagnosis 
in  such  instances  is  made  by  recovering  the  organism  from  the  blood. 

Labyrinthitis  complicated  the  otitis  in  3  instances;  in  2  of  these  the 
diagnosis  was  made  clinically  and  in  the  third  only  from  histologic  sections. 
Three  other  patients  showed  clinical  evidence  of  mild  labyrinthine 
irritation. 

Abscess  of  the  temporal  lobe  was  present  in  2  instances.  Here  again 
this  complication  occurred  as  a  late  development  in  the  prolonged  course 
of  the  otitis. 

Erysipelas  was  ob.served  in  only  2  cases.  It  is  our  impression  that  it  is 
seen  much  more  frequently  with  streptococcic  infections  of  the  ear  than 
with  infections  due  to  the  organism  under  discussion.  The  erysipelas 
which  occurs  in  the  course  of  pneumococcus  type  III  otitic  infections  is 
produced  hy  a  .secondarj-  invader,  the  streptococcic  organism. 

MORTALITY 

Of  the  73  patients  studied,  59  were  discharged  as  improved  and  14  died, 
a  mortality  rate  of  18  per  cent.  The  vast  majority  of  patients  were  ob- 
served for  three  or  four  months  postoperatively  in  the  outpatient 
department. 

TREATMENT 

With  full  reaUzation  of  the  insidious  nature  of  this  infection  and  its 
tendency  to  produce  intracranial  complications,  the  necessity  for  early 
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diagnosis  and  thorough  surgical  intervention  must  be  borne  in  mind.  In 
cases  of  suspected  pneumucoccus  type  III  otitis  myringotomy  in  the  early 
stages  is  indicated,  for  the  purpose  of  determining  the  type  of  the  invading 
organism.  "WTien  the  bacteriologic  diagnosis  Ls  established  from  culture 
of  the  exudate  from  the  middle  ear  a  vaccine  should  be  prepared  and  a 
series  of  treatments  hy  intradermal  and  subcutaneous  injection  promptly 
administered,  as  recommended  by  Goldman,  Shwartzman  and  Hersch- 
berger  (14a). 

The  diagnosis  of  acute  mastoiditis  having  been  made,  a  mastoidectomj' 
complete  in  the  accepted  sense  of  the  word  should  be  performed.  In  addi- 
tion to  the  customaiy  technic  of  so-called  simple  mastoidectomy,  particular 
attention  must  be  directed  to  thorough  exenteration  of  certain  areas:  the 
z^'goma,  solid  angle,  perilabyrinthine  region  and  any  suggestive  tract 
leachng  into  the  petrous  pyramid.  The  semicircular  canals  should  be 
thoroughly  skeletonized.  The  post-auricular  wound  .should  be  kept  wide 
open,  as  there  is  frequently  a  tendency  to  rather  rapid  but  superficial  heal- 
ing of  the  mastoid  wound,  and  during  the  course  of  such  rapid  healing  an 
advancing  destructive  process  may  exist  in  the  deeper  parts,  i.e.,  the  petrous 
P3'ramid.  Because  of  the  possibihty  of  late  complications  it  is  ad^'isable 
that  the  patient  be  observed  for  about  three  months  after  complete  healing 
of  the  mastoid  wound  and  middle  ear.  Chemotherapy  should  be  em- 
ployed during  the  course  of  compUcating  lesions.  It  is  advisable  not  to 
use  these  drugs  during  an  uncomplicated  acute  middle  ear  suppuration 
because  of  their  possible  masking  effect,  particularh'  as  infections  of  this 
type  are  known  to  frequentlj-  follow  an  insidious  course. 

PATHOLOGY 

Histologic  examination  of  the  temporal  bone  in  serial  sections  was  made 
in  9  cases.  The  outstanding  pathologic  feature  is  extensive  necrosis 
throughout  the  various  structures  \\-ithin  the  temporal  bone,  i.e.,  the 
mastoid,  the  petrosa,  the  labyrmth,  the  carotid  canal  and  the  meningeal 
coverings.  The  findings  of  a  resohdng  inflammatory  process  in  the  t3'm- 
panum  and  mastoid  \vith  evidence  of  a  progressive  extension  of  the  disease 
medialh'  in  the  petrosa  is  not  infrequent.  Confirming  a  not  uncommon 
operative  finding  is  the  observation  on  histologic  examination  of  an  exten- 
sive necrotic  process  with  relatively  httle  purulent  exudate.  It  must  be 
mentioned  that  frequently  there  are  no  features  differentiating  the  micro- 
scopic picture  of  this  type  of  infection  from  that  of  streptococcic  infections. 

ABSTRACTS  OF  CASES 

Twenty-one  cases  are  presented  in  abstract  form  to  illustrate  various 
characteristic  and  diagnostic  features  of  pneumococcus  type  III  infection 
described  in  this  paper: 
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Case  1.  A.  G.,  ;ige  29,  aroused  suspicion  of  pmnimococcus  t\'pc  III  infection 
because  of  a  mucoid  disc^hargc  from  the  miildle  ear  at  the  end  of  three  weeks,  a  history 
of  headache  and  slow  pulse.  The  patient  had  good  hearing.  There  was  evidence  of 
involvement  of  the  mastoid.  At  operation  marked  necrosis  with  a  small  amount  of 
purulent  exudate  and  a  perisinal  abscess  were  found.  There  were  meningeal  signs. 
The  pneumococcus  type  III  was  recovered  from  fluid  obtained  by  spinal  tap  seven 
days  postoperatively.    The  patient  died. 

Case  2.  R.  M.,  aged  66,  a  diabetic  patient,  had  otitis  resembling  the  influenzal 
type,  but  bacteriologic  examination  of  the  discharge  from  the  middle  car  disclosed 
the  pneumococcus  type  III.  Operation  revealed  extensive  necrosis  of  the  mastoid, 
encroaching  on  the  petrosa.    The  patient  recovered. 

Case  3.  S.  G.,  aged  42,  had  pain  in  the  ear  and  hemicranium  for  three  weeks  but 
at  no  time  had  aural  discharge.  The  drum  was  flat  and  thickened,  but  no  landmarks 
could  be  seen.  There  was  edema  over  the  mastoid,  without  tenderness.  Hearing 
was  good.  Operation  showed  perforation  of  the  bony  cortex.  The  patient  recovered. 

Case  If.  L.  M.,  aged  56,  apparently  had  influenzal  otitis  followed  by  signs  of 
mastoiditis  at  the  end  of  three  weeks.  Operation  showed  extensive  destruction  with 
perisinal  abscess.    Recovery  was  uneventful. 

Case  5.  S.  P.,  aged  55,  had  diabetes  and  a  history  of  prolonged  (two  months) 
aural  disease.  On  admission  there  were  signs  of  suppurative  labj'rinthitis  and 
bacterial  meningitis  (material  obtained  by  lumbar  puncture  showed  the  pneu- 
mococcus type  III). 

Case  6.  U.  P.,  aged  42,  had  excellent  hearing,  .\ural  discharge  ceased  after 
four  weeks  of  otitis.  Despite  this,  frank  signs  and  symptoms  of  acute  mastoiditis 
were  present.  Operation  showed  perisinal  and  epidural  abscess.  The  patient 
recovered. 

Case  7.  A.  S.,  aged  37,  showed  signs  of  mastoiditis,  and  mastoidectomy  was 
performed.  Softening  extending  in  all  directions  made  it  difficult  to  reach  the 
limits  of  disease.  Infection  bj-  pneumococcus  type  III  was  suspected  and  verified 
by  culture.    The  patient  recovered. 

Case  8.  S.  R.,  aged  24,  had  influenzal  otitis.  Pneumococcus  type  III  was  ob- 
tained from  material  obtained  by  mj'ringotomy.  At  the  end  of  three  weeks  there 
was  evidence  of  mastoiditis.  Operation  showed  extensive  destruction  of  bone. 
Culture  of  material  from  the  mastoids  showed  Str.  hacmolyticus.  The  patient 
recovered. 

Case  9.  A.  K.,  aged  39,  had  had  otalgia  for  four  months  without  discharge  from 
the  ear.  On  admission  good  hearing,  signs  of  mastoiditis  and  sagging  of  the  bony 
canal  wall  were  present.  Epidural  and  perisinal  abscess  were  found.  Although 
there  was  no  postoperative  clinical  evidence  of  thrombophlebitis,  a  metastatic  focus 
developed  in  the  sternoclavicular  joint,  from  which  the  pneumococcus  type  III  was 
obtained.    The  patient  recovered. 

Case  10.  H.  C,  aged  57,  was  diabetic.  The  aural  disease  followed  trauma  to  the 
ear,  and  the  course  was  painless  for  two  months,  at  the  end  of  which  time  a  sub- 
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periosteal  abscess  was  found  over  the  zygoma,  with  extensive  involvement  of  the 
bone  over  the  sinus  and  dura  and  little  pus.    The  patient  recovered. 

Case  11.  H.  R.,  aged  50,  was  diabetic.  There  had  been  pain  in  the  ear  at  the 
onset,  followed  by  an  insidious  course  for  four  weeks  before  spontaneous  perforation 
of  the  drum  occurred.  A  discharge  from  the  middle  ear  had  been  present  for  ten 
days.  Operation  revealed  extensive  destruction  with  perisinal  abscess.  The  pa- 
tient recovered. 

Case  12.  L.  C,  aged  45,  had  had  otalgia  for  two  and  one-half  months  without 
discharge  from  the  middle  ear  at  any  time.  On  admission  the  hearing  was  good; 
zygomatic  swelling  and  sagging  of  the  canal  wall  were  noted.  Mastoidectomy  was 
done  and  zygomatic  perforation  was  found.  The  Wassermann  reaction  was  4  plus. 
The  patient  recovered. 

Case  IS.  D.  G.,  aged  49,  had  had  otalgia  for  three  days,  followed  by  an  interval 
of  five  weeks  with  no  pain.  Then  spontaneous  discharge  from  the  middle  ear  oc- 
curred, with  recurrence  of  pain.  Sagging  of  the  bony  canal  wall  was  observed. 
Operation  showed  extensive  destruction.  Postoperatively  there  were  transient 
diplopia  and  pain  in  the  teeth  suggestive  of  petrositis.  A  roentgenogram  was  sug- 
gestive of  petrous  involvement.    The  patient  recovered  without  further  operation. 

Case  H.  A.  S.,  aged  59,  had  had  pain  in  the  right  ear  for  four  weeks.  The  drum 
was  thickened,  with  radiating  blood  vessels:  there  was  no  discharge  from  the  middle 
ear.  Myringotomy  was  followed  by  a  thick  discharge  for  one  day  only  and  signs  of 
mastoiditis.  Operation  revealed  perforation  through  the  tip  of  the  mastoid  and 
peribulbar  abscess.    The  patient  recovered. 

Case  15.  H.  H.,  aged  59,  had  had  pain  and  discharge  from  the  ear  for  two  weeks, 
after  which  the  discharge  ceased.  Two  weeks  later  postauricular  swelling  appeared 
and  the  bony  canal  was  narrowed.  Xo  landmarks  were  visible,  and  there  was  no 
discharge.  Operation  revealed  perforation  through  the  cortex  and  perisinal  abscess. 
The  bone  had  a  peculiar  reddish  granular  appearance.  Sj'philis  was  present.  The 
patient  recovered. 

Case  16.  A.  A.,  aged  40,  experienced  spontaneous  perforation  followed  by  dis- 
charge from  the  middle  ear  for  two  weeks.  Postauricular  swelling  appeared  at  the 
end  of  three  weeks.  Operation  revealed  subperiosteal  and  perisinal  abscess.  The 
patient  recovered. 

Case  17.  H.  Z.,  aged  40,  had  had  otalgia  with  a  dry  middle  ear  for  eleven  days. 
On  myringotomy  a  serous  exudate  was  obtained,  culture  of  which  showed  Staph, 
aureus.  Signs  of  mastoiditis  developed.  Operation  revealed  sclerosis  of  the  mas- 
toid: thick  pus  appeared  under  pressure.  The  pneumococcus  type  III  was  cultured 
from  material  from  the  mastoid. 

Case  18.  C.  L.,  aged  63,  was  diabetic.  Otalgia,  ocular  pain  and  temporal  head- 
ache had  been  present  for  one  week,  followed  by  spontaneous  perforation  of  the 
drum.  Drowsiness,  vomiting  and  chill  were  present  for  four  days.  There  was 
marked  hearing  impairment  on  admission.  The  discharge  from  the  middle  ear  was 
cultured  and  Str.  haemolyticus  found.  Mastoidectomy  and  obhteration  of  the  sig- 
moid sinus  revealed  perisinal  abscess,  a  necrotic  sinus  wall  and  a  purulent  exudate 
within  the  lumen.    The  sigmoid  and  the  lateral  sinus  were  completely  thrombosed. 
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Blood  culture  showed  the  pneuinococcus  type  III.  The  patient  died  two  days 
postoperatively. 

Case  19.  L.  K.,  aged  30,  had  bilateral  influenzal  otitis  media  with  blebs  on  the 
drum.  A  discharge  from  the  middle  ear  showed  the  pncumococcus  type  III.  Signs 
of  mastoiditis  developed.    The  patient  refused  operation. 

Case  20.  J.  F.,  aged  64,  had  had  constant  tinnitus  for  sixteen  days  after  swimming 
and  hemicranial  pain  for  two  daj's.  There  had  been  no  discharge  from  the  middle 
car.  The  drum  was  thickened,  and  no  landmarks  were  visible.  Post-auricular 
tenderness  was  present.  Operation  revealed  a  mucoid  discharge.  The  patient 
recovered. 

Case  21.  A.  I.,  aged  51,  had  had  tinnitus  for  four  months;  he  was  otherwise  symp- 
tomless. On  admission  the  drum  was  thickened,  and  no  landmarks  were  visible. 
Sagging  of  the  bony  canal  was  observed.  There  was  no  mastoid  tenderness.  The 
hearing  was  impaired.  A  roentgenogram  was  suggestive  of  destruction  of  bone. 
Operation  revealed  extensive  destruction  and  a  thin  discharge.  The  patient  re- 
covered. 

SUMXiARY  .\ND  CONCLUSION 

An  analytic  study  of  73  cases  of  pneumococcus  tj'^pe  III  infection  of  the 
ear  from  the  standpoint  of  cHnical  course,  pathology,  diagnosis,  treatment 
and  outcome  is  presented. 

The  cases  are  classified  according  to  the  clinical  cour.se  and  otoscopic 
picture. 

Determination  of  the  type  of  organism  in  the  discharge  from  the  middle 
ear  or  the  mastoid  is  of  paramount  importance.  Such  bactcriologic  investi- 
gation is  especially  important  not  only  in  otitic  infections  presenting  a 
latent  or  insidious  course  but  in  those  which  clinically  resemble  strepto- 
coccic otitis. 

Extensive  destruction  throughout  the  temporal  bone  is  a  characteristic 
observation  made  at  operation  or  on  histologic  examination.  The.se 
marked  changes  are  frequently  encountered  in  spite  of  a  latent  innocuous 
clinical  course. 

Intracranial  complications  are  associated  more  commonly  with  otitic 
infections  due  to  this  organism  than  those  due  to  the  streptococcus.  They 
usually  occur  late  in  the  disease  and  only  occasionally  in  the  early  stages. 

The  following  points  in  the  treatment  are  stressed: 

Early  paracentesis  should  be  done  when  infection  with  the  pneumococcus 
type  III  is  suspected,  to  establish  a  diagnosis. 

Autogenous  vaccine  may  be  used  as  soon  as  the  organism  is  identified. 

Complete  exenteration  of  all  diseased  bony  structure,  with  special 
investigation  of  vaiious  routes  into  the  petrosa  is  essential.  Postoperative 
evidence  of  petrositis  frequently  demands  early  operative  intervention. 
The  recognized  surgical  procedure  should  be  followed.    The  administra- 
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tion  of  sulfapyridine  and  of  serum  should  be  reserved  for  otitic 
complications. 

Prolonged  observation  of  the  patient  after  complete  healing  of  the  mas- 
toid is  of  extreme  importance. 
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Our  knowledge  about  cardiovascular  syphilis  has  progressed  to  the  point 
where  it  is  profitable  to  look  back  along  the  path  b}'  which  it  has  come  and 
to  discern  the  important  milestones  that  were  erected  by  the  pioneer 
explorers  in  this  territory.  Instead  of  recounting  these  in  the  conventional 
manner  it  may  prove  interesting  and  profitable  to  go  back  and  examine 
them  as  they  stand  today  in  the  original  writings  of  these  great  men.  The 
first  of  the  stones  are  separated  by  great  distances  in  time  but  as  we  ap- 
proach the  present,  the  markers  are  much  closer  together  demonstrating 
the  accelerated  pace  at  which  progress  has  been  made  in  recent  years. 

The  only  lesion  of  cardiovascular  syphilis  about  which  the  ancients  knew 
anything  was  aneurysm  but  they  had  no  conception  of  its  true  cause. 
Some  thought  that  those  not  due  to  external  wounds  were  caused  by  the 
violent  throbbing  of  the  spirituous  blood  within  the  artery,  bursting 
through  its  coats  from  within.  It  was  Ambroise  Pare  in  1575  who  erected 
the  first  milestone  along  the  path  of  our  knowledge  about  cardiovascular 
syphilis,  but  on  examining  it  closely  it  turns  out  to  be  only  a  relatively  un- 
important one.  It  had  alwaj's  been  my  impression  that  Pare  was  the  first 
author  to  give  syphilis  as  one  of  the  causes  of  aneurysm  but  when  his  actual  _ 
words  are  studied  it  seems  certain  that  this  is  not  the  fact.  Malgaigne  (1) 
m  his  Oeuvres  Completes  D'Ambroise  Pare,  published  in  1840,  gives 
Pare's  statement  on  this  subject  as  follows : 

"Les  aneurismes  qui  viennent  aux  parties  interieures,  sont  incurables  et  aduien- 
ncnl  souvent  d  ceux  qui  ont  eu  la  verolle  et  sue  plusieurs  fois:  d  cause  que  leur 
sang  a  esie  grandement  eschauffe  et  sublilie,  qui  est  sortis  hors,  et  fait  dilatation 
du  corps  de  I'artire,  voire  quelqiiefois  d  mettre  le  poing."  .  .  . 

"Aneurysms  which  occur  in  the  inward  parts  are  incurable  and  occur 
often  in  those  who  have  had  the  pox  and  sweating  several  times:  as  a 
result  of  which  their  blood  has  been  greatly  heated  and  thinned  so  that 
what  is  contained  in  the  arteries  tries  to  get  out  and  causes  a  dilatation 
of  the  arter}'  to  the  point  where  sometimes  it  will  contain  a  fist."  This 
translation  seems  to  show  that  Ambroise  Pare  attributed  internal  aneu- 
rysms in  syphilitics  to  the  treatment  they  received  and  not  to  the  disease 
itself. 

Realizing  that  Malgaigne's  version  is  a  translation  from  Pare's  Latin 
edition  and  that  it  might  distort  the  true  meaning  let  us  see  how  Johnson 
(2)  renders  this  passage  in  "The  Workes  of  that  famous  Chirurgion  Am- 
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brose  Parey.  Translated  out  of  the  Latine  and  compared  with  the  French" 
pubUshed  in  London  in  1G34.  "The  Aneurismaes  which  happen  in  the 
internall  parts  are  incurable.  Such  as  frequently  happen  to  those  who 
have  often  had  the  unction  and  sweat  for  the  cure  of  French  disease,  be- 
cause the  blood  being  so  attenuated  and  heated  therewith  that  it  cannot 


Fig.  1.  The  title  page  of  the  First  French  Edition  of  "Les  Oeuvres"  of  Ambroise 
Pare. 

be  contained  in  the  receptacles  of  the  Artery,  it  distends  it  to  that  large- 
ness as  to  hold  a  man's  Fist :".  You  will  notice  that  Johnson  says  "unction 
and  sweat"  indicating  even  more  definitely  that  it  was  the  treatment  that 
was  thought  to  cau.se  the  trouble. 

In  an  attempt  to  settle  the  matter  let  us  see  what  Par6  (3)  himself  said 
in  the  fir.st  French  edition  of  "Les  Oeuvres"  published  in  1575. 
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"Les  aneurismes  qui  viemient  aux  parties  inlerieurcs,  sont  incurables,  el 
adiiiennenl  souenl  d  ceiix  qui  ont  eu  la  verolle  el  sue  plusieurs  fois,  d  cause  que 
leur  sang  a  este  grandement  eschaufe  el  sublilie  qui  esl  cause  que  celuy  qui  est 
conlenii  aux  arleres,  cerche  d  sorlir  hors,  el  Jail  dilalalion  du  corps  de  lartere, 
voire  quelquesfois  d  mellre  le  poing."  .  .  . 
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'  dc>&arttmpcn(cv*n»e(mclcrnpIafif<cPnrrin)pnira,a»rd\r.cIjmincdcploml>,a: 
•flic fc* ch.u:l1c* tullent vn peu  couTtt\  a*in que  l.>f> pcurpomi iu* kf uill dc  li^atua 
poor  ppcflct  ddl'ui .  Audi  qu  j  cuiiaA  loucci  ttLu(e»  qui  tuUiltcm  le  (*t\f,.  &:  mdmet 
qi.  i!k- i;ardaft  de  chanter  J  pieine»o«i  ttuirtl'air.d  Andtt.  come  ilfailoicvplontifri 
( ilhrtpairdpasc  d Vn  jvutoucctfoiv >l  nc  pcuitant  Ijjte  qnt  iatlIlI^clir  net  auj- 
mcrtall,  3c  Icrciita  va^  vndodvur  en  Mcdccinc.Jt:  \n  H^il  icr.qui  pcntoirt  que  wn 
uieunlmc  tiirt  vnc  autre el'pccc  (Tapoficme:  &:  p-jmce  luv  t'ui  appbqtic  an  loir  vnni- 
pcoiTc  pout  ratreoiiuenure.  lendcniainau  tnaun  lutiucrrin:  tute,  letu  vneera- 
dc  qi'ar.ntedelanp ,  dnntil  e^kouuaiuctle  cc  .I'lia  a  inadjir<.-  !j  preniictc  Pteliocn- 
IV  qvrlnn  m  appcUll  poiit  I  cflanchcr,  rn  Un  du'ani.quc  tc  tu^  auoitbicndit  qu'itmr 
'  l^oit  raiic  oiiiicfrtiTe:&;do(ai)t  que  letutTcvd tint .kiou  i^ndu  IVrptit .  Partjoiie 
,^  codillenii  leunc  Cluiurcien.qu  illi:  i;atde  d'oiiunt  lcianciitirmr^.lit'ltc^  ncronttart 
pecieiA'c"  pamonon  d4ngeieitlo,c>mppant  \r  ctiit  aiidelTiti.lc  Icpatint  del atK- 
I  le.puit  uii  patl'.Ta  vi:Ci.'lpui!lc4.-ctonciihIeed  vn  tort  hi,  pjr  i.mbd  inete  a.i*  de»n 
tvftcz  dc  la  plavc  (eta  ladicc  ancrc  licc,pim  eonppce,  6:  ia  plavc traittee  i  ''"nc  r:i: 
Cmplc,  ljifljiit«iiiiS:  i  lelilet  Ji  lmmcfmc  iSfCctailanrnanKc  cnj;c"dri,-  lIui: 
IcracMiJif dr  lioul'ihcr!  arKi  c   I  m  anrunlmrs  qui  virrtra-tit  aon  patitc^  mccnnt.-ei 

foiaiBcuraWot.*.  .1   ^  .<  mnx  qm  oMen  la  vcroHcArfiie plulieu:' 

^  loi\.icaitfrqitol,-  >iilc!».'i4uttV&:fubtilie,q»ittU.iiiU-d<if 
.«  Un  quid>v.  itu-  ..i  .  'ttii  Iiot^A  •'aitdilitarion  JjcoTp*dclat 

1  t^i,  ■ .  r.  ,Ti  -',v  .  (-cqiic  13V  Tcu  aiicorptmond  vniioinT<i. 

!■  .'iHi»lcpor.rlj,naMKlK-IprcvlciiU-if;r-» 
■  .■  1  c  terxi.lr,  dont  il  niduiut  piompic:"* = *" 


L 


Fig.  2.  The  page  in  "Les  Oeuvres"  where  the  statement  about  the  cause  of  an- 
eurysm appears.    It  begins  nine  lines  from  the  bottom. 

"Aneurysms  which  appear  in  the  inteinal  parts  are  incurable  and  occur 
often  in  those  who  have  had  the  pox  and  have  been  sweated  several  times, 
as  a  result  of  which  their  blood  has  been  greatly  heated  and  thinned  which 
is  the  reason  why  that  which  is  contained  in  the  arteries  tries  to  get  out 
and  cau.ses  dilatation  of  the  body  of  the  artery,  sometimes  of  a  size  to 
contain  a  fist." 

Thus  it  is  clear  that  Pare  noted  the  frequency  of  aneurysm  in  those  who 
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have  had  syphiUs  but  appears  to  have  attributed  the  arterial  dilatation  to 
sweating  used  in  treatment. 

Thus  it  appears  certain  that  while  Ambroise  Pare  believed  the  treatment 
for  syphilis  and  not  the  disease  itself  to  be  the  cause  of  aneurysm  in  the 
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Fig.  3.  The  title  page  of  Lancisii's— De  Motu  Cordis  et  .\neurysmatibus.  First 
Edition,  1740. 

internal  parts,  he,  nevertheless,  was  the  first  man  to  recognize  that  there 
was  some  connection  between  syphilis  and  aneurysm. 

The  next  milestone  of  importance  was  erected  by  Giovanni  INIaria 
Lancisii.  In  his  De  Motu  cordis  et  aneurysmatibus  (4)  pubUshed  at 
Naples  in  1740,  appears  the  following: 
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"Quemadmodem  serum  acre  a  cy slide  el  succo  aneurysmatico  distillans  ad 
ossa,  el  ligamenta  pervadil,  eadem  paulatim  exedit,  et  labo  consumil,  ita  e  converso 
fieri  inlerdum  solet,  ul  lympha  gallicis  salibtis  scalens  poslquam  congestionem  in 
ossibus,  ac  ligamenlis  prima  lenlaverit,  max  paidalim  mola  acrior  jam  reddita 


ET    ANEURTSMATIHU?.  zfj 

P  R  O  P  O  S  I  T  I  O  XXXII. 

Be  fnodo  £5?  caufts,  quihus  fit ,  ^  de /ignis  ,  quibm'cog- 
nofcitur  ylmmjvia  Gallicum. 

Qiemadmodiim  feriim  acre  a  cyftide  &  fiicco  Aneuryf^ 
matico  dcftillans  ad  ofTa  ,  &  ligamenta  pcr\  adit ,  ea- 
dem paulatim  exedit ,  &  tabo  confumit  ,  ita  b  con- 
verfo  fieri  interdiim  folct ,  lit  lymplia  gallicis  falibiis  fcatens 
poftfjuam  congoftionem  in  olVihus ,  ac  ligamentis  primo  tcn- 
taverit  ,  mox  paulatim  mota  acrior  jam  reddita  fupra  ,  & 
intra  fubftantiam  extcrnam  Arteriae  dcpluens  illam  exediTe 
incipiat ,  indeque  in  Aneuryfma  diftendat ,  quod  ex  com- 
preffionc  fimul  ,  &  erofione  produclum  tanto  rcliquis  pejus 
ell  5  quanto  minus  Medici  cauHie  rationem  blim  habentesib- 
lis  ftnguinis  miilionibus ,  fero,  ;uit  ladle  plerumque  tradtare 
folcbant.  Cum  (ecus  vera  curandi  methodus  tota  verietur 
in  tempcrando  idoneis  peculiaribus  remcdiis  ,  &  ad  tran/i)i- 
ratam  ,  ac  diuredm  promovcndo  veneream  lympham  ,  ut 
infcriiis  appofitis  cxemplis  evidenter  oftendere  fatagemus. 
Hujufmodi  liquidem  Ancuryfmata  a  venerea  cachexia  produ- 
cuntur ,  ut  optime  advcrtit  Marcus  Aurelius  Severinus  De 
novillima  obfervatione  abfcclTus  pag.  milii  ipr. 

Cognofcitur  autcm  Aneuryfma  gallicum  non  folum  ex  im- 
pure ,  quod  praeccnif  contagio  ,  atque  ex  indiciis  luis  ve- 
nereae  m  alias  quoqiie  partes  jam  propagatae,  fed  potisfi- 
mura  ex  modo  ,  quo  dcterminatus  locus  Ancuryfmate  affi- 
citur  \  Non  enim  fiibito  Artcnac  pulfatio  fcntitur  ,  fed  pri- 
mo praccurruntdolores  p.-acfcrtim  nochirni  alicujus  ligamen- 
ti  J  vel  osfis ;  indeque  utrumque  tumore  extuberans  fubje- 
dam  Arteriarft  premere ,  atque  exedcre  ,.  ejufdemque  pulik- 
tioiiem  efficere  incipit, 

Fig.  4.  The  page  in  Lancisii's — De  Motu  Cordis  et  Aneurysmatibus — in  which  he 
gives  the  first  recorded  statement  that  syphilis  is  a  cause  of  aneurysm. 

supra,  el  inlra  substanliam  externam  Arlerial  depluens  illam  exedere  incipial, 
indeque  in  Aneurysma  distendal  .  .  .". 

John  E.  Erichson  (5)  in  his  "observations  on  Aneurysm,"  published  in 
London  in  1844  gives  us  a  very  good  translation.  "As  an  acrid  fluid, 
distiUing  from  the  aneurismal  cyst  or  sac,  may  penetrate  as  far  as  the 
bones  of  ligaments,  which  it  may  gradually  corrode,  and  wear  away;  so, 
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on  the  contrary,  it  may  sometimes  happen  that  the  lymph,  abounding  in 
syphihtic  humoui-s,  may,  first  of  all,  give  rise  to  congestion  in  the  bones  and 
ligaments;  but  by  and  by,  having  become  more  acrid,  and  settling  in  the 
external  coat  of  the  artery,  it  may  begin  to  corrode^  and  thus  to  dilate  it 
into  an  aneurism;  .  .  ."  Thus  to  Lancisi  belongs  the  credit  for  the  first 
clear  statement  that  syphilis  is  a  cause  of  aneurysm. 


JO.  BAPTISTS 

MORGAGNI 

p.  p.  p.  p. 

D£  SEDIBUS,  ET  CAU.SIS 

MORBORUM 

PER  ANATOMEN  INDAGATIS 


DISSECTIONES,  ET  ANlMADVERSIONhS,  NllNt:  HRIXIC'.M  EDITHS 
CO.Vll'LECrUNTUR.  PROPEMODU.M  INNu.MtKAs,  .MEDICI-  ' 
tHlRUKGli,  ANATOMICIS  IROfUTURAS. 

Multiplex  praehxus  eft  Index  rcrum,  &  noinittum 
accuraciirinius, 

TOM  US  PRIMUS 

DUOS    PK10R.es    CONTINLNS  L1Bj',.0.>. 


V  E  N  E  T  I  I  S. 


E  Jt  T 


T    r   O  G    R    A  F 


M    D   C    C    L    X  L 

RtMOT.  UINIAN 


t  V  f  E  ^  I  OXV  M  PEKM/SSV,        P  J^J  V I  L  EG  10. 

Fig.  5.  The  title  page  of  Morgagni's — De  Sedibus,  et  Causis  Morborum.  First 
Edition.    Venice,  1761. 


Giovanni  Battista  Morgagni  is  the  next  pioneer  who  deserves  our  atten- 
tion because  he  gave  the  first  careful  description  of  the  pathologic  anatomy 
of  an  aneurysm.  In  his  De  sedibus  et  causis  morborum  (6)  published  in 
1761  when  he  was  eight}'  years  of  age,  we  read  the  following, 

"Turn  earn  arteriam  ab  inferiori  extremo,  quod  ad, septum  Transversum  fuerat, 
dissecturus,  cum  vidissem  non  miiUo  superius,  latus  eius  alterum  ad  tractum 
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qiiinqiie  ant  sex  digitorum  iransvcrsoriim  nigricare,  id  esse  cognovi  a  sanguine  in 
cellulas  ejfuso  externa  dumtaxai  tunicae;  7iam  caeterae  bene  se  habebant.  Vitinm 
anient  interius  a  sinistra  arcus  Aortae  extremo  incipiebat,  et  inde  ad  cor  usque 


2y6  Uber  II  Dc  ^ 

famiiKutafin  .  *  tnc'JTWW".  «  dilttrfo  »rntrxu- 
)o  »dkrdbn»du(a  »iJcmf  ,       ttumTi  lurw  fmicm 

cupM  >  t«wo  Brtimn  1  otcuoque  *Wofl»cn  crdit  , 
crtrrn  icncm  •ifceribm  rtlmquit  ,  at  Cf^prctrti 
ibi  Uneuilrf*  .    f*'UUii   quo    expediuu*  ittr 

dt.  Imtur  >d  <ffvbrum  ■  IfHur  fi  binc  liii  prowa- 
rrt'tuK  tunc  ir  h-mnun  ,  nulio  mafo  fiebji  hK 
futtnikj  cui  p*t>pcff  jnmrvfrru  to  loco  litum  .  jam 
ntnui  f>cilii  n<t  (uilui  (iRCDinit  dcxlon .  RcImd' 

nlire  eil  cuplKjfc,  lo  hn  itKurntnaiii  rortioncm , 

oon  (oldMtur  ,  cum  cj  cooti^it.  Nimirum  a  mulier- 
cbIh,  4:  il>  JTiKti  boofOinir  rci  cwli  muJrj  l»p(- 
nunero  eonhncuntur.  \'Kfc  in  ilttfiin  luvtnii  pon 
(iirHniili  in  luco  impravili  mom  ijuid  Uif^ncitui  lit 
Lvviliia  (t).  l\le  quoquc  ttitfi^iTwdi  tsmfi^i^Kcm 
ftccc'FlTc  dtcelunir  .  C^tjiJ  d  iftnrt  ilk  cdt  ,  dc 
<^UD  Pinncno  ,  fi  probe  mcisini  ,  ipu<i  Tncn- 
inim  (  k  )t 

^ccrrfr  «i  i^if"  '  'J*  ttStfctt  plut  fji.i. 
S«d  tifncn  p<«itonrm  udor  Don  fwo  pitiiar  km- 
prr  »  occutCiri ,  qfjfxtado  ind<l)dopcT«ic]if1(tn)  ipluoi 
pan»  lumK.  Q;-od  fitii  iDie!li;ii  pntuit  inrofrilite  , 
cukii  mvi  fuktf^tJ  I*  o!"  *r«trrt  Mitdtnt  txm  Iwf- 

CJ.  Viro  ChnfliaDo  V>an>  (  s  ),  m^ut  a  fjngumi* 
cnptiotK  in  penordiutB.  ftciJ<  n  vom  iJiquamijof- 
cuIj  (  ^  ) .  (i  mcti  nulfi  fuu  T»ptMra(of4it  ^  vd  ^n- 
j»t*is .  Scd  ouilto  snitt  inrtllcdum  dt  m  bomtica 
illo  cifu  t^xtn  proucni  dcKtbft  hilk>fu. 

I?.  MEJILIRICVLA  dgodarittno  innot  njtj  , 
macitrntj  ,  aliquot  jim  nmfn  ,  &  diet  pnlcmm  ul> 
DoncK  qtiindecni  iJc  Itfijdinc  qtudatn ,  &  fiQtdio 
cibt ,  «c  mum  ttitae  ornijum  cooqurilj  ,  quo  mtnut 
»iwT«nn»  extent  fo  ma^U  vioo  mcrxo  ,  Cui  (empcr 
ruBiil  d«lu«  fi:<rJt .  uUtMtur.  Ad  htnc  cum  quidim 
lafrcffui  cflet  ItiortatdTf  &  pj[t  modjoim  irmpin 
rfniTui  confufo  vultu  .  Sc  turbito,  tpli  vcro  ,  du>- 
tus,  luc  tjitwi  inirr)ecVt  horn,  nnAippufrei;  %ki' 
tu ,  qui  h*c  irimid'm«iir,  infrogrti  ,  ooo  nwr- 
tuiro  mcxJo,  l«  0:  rn^iJam  jnTcocrunt  >  jjcervfmio 
Jrdo  n  corpoiii  b^uri ,  at  dubitiri  noo  poirct ,  ^uo 
in  crcrt  inrwirikt,  przlmim  cum  *ink  tcmeo  lorw 
IpKcrrtur  qyad  c  Ok^i  fnulrrbrtSos  dcAucbit  ■  Quji'i' 
turn  dt  cx  OK,  »;c  tjut  (idfcrc  nuitqutd  ftlltri;  *c- 
mtilu'  m  <«trr*  tium  nfccn''  Uttjqw  rrlpondi  i 
non  quod  m  ill  i  ,  j»m  fmuiw ,  ^oruJiirc  jIi- 

qufd  me  nfunifn  (i^rtrra  ,  led  ut  quzditn  ,  Kpiui 
c>blcrvifi  >  rccocnoiccfcm  i  mm  in  rtli^uiv  pimbu^  >  \ 
fiCile  ul  rum  d)xi  ,  inmirno  <jt:opu«  p«fra?ti>  »jlc 
coojiccrc  me  ciuJim  itrfnttni  niorus  invcnium  in  . 
Tcrprtbs  eril  feoidifrnj  ,  quippc  Nonu  quincti- 
libuv  A.  iTSt.  rwc  poftndie  nwnu  Ikuh  ,  nili  un. 
6aa  tub  Tcfpervm  ,  c*dii<r  inciiierc  .  Itaque  muTi- 
to  conlilio  ,  M«dji>)3m  noOrun  mili ,  qui  tnipictm 
onwii .  prrdpua  rtro  dumtixat  ad  mc  4onium  pct- 
fcTeod*  curaitt  .  C  O  L  L  U  M  (uU 

memo  linbatt  line  .ul to  iinxn  indi^io  extrinic> 
cui  tllatc  .*  Livrbac  qnoqiK  nonoihit  doilum  . 
Tcnfum  crat  abdomea  ,  ncc  uUim  oTlcndtbit  no- 
tam    uod:    coniictrri  .    mtitimm    ut<njn    tulrit?  . 

Ilto  d^juAo  ,  TcTiuia  intdlina  appaiu^n:nt 
valde  rubeniia  .  Culla  ,  pralenim  inlcnora  . 
tTCnflXnfrs  pJcna,  vcntricuiui  ;xtffia^m  ■  quiov 
*i»  minis  proptmodom  .  Scrum  in  *ct»ne  ctjc 
cflufum  *d  lionm  cu^ccr ,  aquz  nno  diffioitle  iiirbi- 
^  io  qua  f«cm  caro  lotJ  cflec  ,  x-rc  mum  i<J<o  , 
ut  nttciBo*  diKifot  Unto  cujuhijm  •joifi  hJoid  Jt- 
6ecfe(  .  la  Thocicr  c«ilmooc»  lumrjli  unjiijiic 
colore,  uC  M  a  icr^o  quMxm  nitrKucnt  .  Pnuir- 
diua  vero  difleotum  >dco  ,  ut  irfluittnt  tuUwf- 
oihiai  kran  ntiiuem  ,  C|iik  limilc  qiunj  in  tentic 
dctCTiptum  (A  ■  Mfalmm  auum  incrai  ,  tiib  ro^uc 
tuftt  t  Ac  6r«aijiuK  coocrctui  lini^un  <oriii  facxm 


lorbis  Thoracis 

opmrbat  .  QuoJ  cun  rifi*  Mqnis  ,  8f  'pmit^!^ 
polb^dic  Ruiutino  rrmpore  ad  iwe  allatum  infT>|im. 
iKidcrnD  ,  anwn»d»crTi  ,  Ptqiie  ip^tm  ,  MOtt 
Mirnc  anenc  mmcum  rife  diliiitum  ,  tuo  uinu. 
que  lua  p>r>iutc  fWjlKrii  flaturr,  ojiffl  pman  po. 
tiui  tuifle  iliirnm  ,  nfpoodert  Turn  ntB  «Tt, 
mm  lb  lafcriori  cxtmtio ,  quod  sd  f<p*uin  TtW- 
%rt(um  t'uerai  ,  difTc^tmn  ,  com  ttdil^o  .  aoa 
molto  fupenui  .  lilni  qu*  aUcryro  ad  tra^uat 
quinque  aut  lex  duiltoruo)  innlvcrronon  nv/I. 
<ir<  1  id  tfft  na:na»'i  a  lan^uiac  in  nlloUi  tf. 
fulo  rxtimx  duoitini  tomcc  mm  cnrr*  b«< 
ne  ie  habcbint  .  Vitium  autrm  initritii  a  6. 
nil*to  areui  Aonx  extrtmo  incipirbit  .  &  ndt 
ad  cur  ulque  pcninen*  ,  to  hcb^c  majLi  , 
arifna    pfcTwi    »d  accedebat      Sciluct  lit. 

bi  indicti  ocfarrcbam  lubalba  futun  f)'l\ ,  ilibi  q^ 
dim  iKhoara  sjuaA  fkXimiiiula ,  lulci  a'ibi  p«ra)l<b 
in  toosiTudinem  diifti  ■  lie  pjif m  incj-«  1]^ 
lacrcv  (Ut  invqiuln  .  Vtfufti  ubi  vmtum  cm 
pfopt  Tahulii  S;milunjf(»  ,  qux  flngofe  njfc. 
bandir  .  ftniidielti  intfrvjll,>  luprj  eun  qui 
fWt  poflrnori  .  erat  or^iur.i  iju^d  tpkito  dk 
pollicii  admiliffrt  ,  per  cwod  Aorra  nia 
fubcotundo  ancui>lmjie  commuiKjoat  ,  f^culi  fat- 
ma  ad  i,->lim  a;ipcnli  .  SiipcfalMt  ii  lactultn  m> 
c<m  jualanacm  luo  vindi  induTim  conice  :  iMuc  in 
trii  a  ttrco  Aortx  cdUocjiu*  ,  uc  cum  flnrftiw- 
fuoi  nonnihi!  ccr^erct  ,  oltjcin  vidfrrrur  Hoiftrt 
aurirulc  ,  fificdre  Sinin  non  obcile  non  n 
tuiOe  •  Rtiptu^  autrm  in  tnmmo  furr.t  a 
Cuinc  illinc  in  pericardium  riundantc  per  ox. 
diocrr  foramen  ,  cujus  orr  trjnt  nt'r*  •  5;  dl- 
laccriTx  -  Saccu'i  lOiertorem  fXKm  nibr*  [«I|iCiil« 
coniillM-bari  pal>3olr  ,  qujs  ,  oi  (it  in  ctpii  ,  f». 
cilc  poffci  in  qiii>t  libtrtr  ('ividcre  .  In  luncolu 
aut^m  ,  &:  tcMrtnil:>  ,ntiin  ne<)ue  e>at  ulla  polype 
(a  concretio  ,  ncc  lu^cicrat  lin^uinit  quidquam. 
Hit  ita  prrlr^Ci  *  ad  uterum  >  orui*  , 
A.'  rubai  oCulot  ,  A  niltnim  cnnmtt  .  Ttibarem 
alic/a  cum  alt:f<)  ju.ii  cYtrrm'i  hatKbir  fuim  ulti- 
mam  pattern  (oonaam  ■  Hrc  .;,trm  ent  m 
uiraque  proriut  owClula  ,  tit  neque  orilii.>um  ,  nrqitf 
hmbric  uTquam  ippircrtnt  .  Cum  icro  td  ess 
pancm  tiki  tub*  utra^jue  aiiquano  lanoe  ,  qujQ 
k>.'i:it  i  incifa  exbibuit  iliquanr-}  num  pJus,  qiuiD 
|.>ltji  ,  bumjiit  ill.ui  lui  .  qui  pre  vinli  1^ 
mmc  lb  fwi.iont.  ii\  acce^tu  eft  ;  Ird  hoc  fpilBor  , 
kV  in  hnc  ctun  lUDcnicntirs  prodiJtt  .  Ovario. 
n.m  illud  (Ul  lubam  conn^iam  (uiife  ,  dnii  ,  wtd. 
ciilai  Coniiivbit  ]>lur»,  rmjorn  tt  cum  umm- 
que  fubrotunjiLi ,  iaie ,  luccniu/n  ,  &  lurcidum  et 
In  -,  mi]<K  aliqLao{<a  e/at  jitcn-Tt  ,  quod  [vrzier  ^e- 
iKulu  ciuldtti'modi ,  habcbit  ab  una  pane  f^b  -pij 
mcmbiana  ni4;rum  fangutivm  ,  &  fff*pe  Ci>ft£fvtom  , 
nee  pro  o*arii  mo!e  pautum  .  In  utfro  drni<^tie 

nihil  tuit  aofotiiione  di^um  ,  pill  qu.xl  cju&  -nte- 
not  ULmtJtat  (arm  ix  ruico  nilxbit  cota  ad  inr:r. 
n»t  u'qic  oftuli  t-nei  Hoc  in^ullutr  eiai  ;  US  tU 
to  quod^m  ac  cfirf.ufi:ijlu  hcmorc  lirdum,  qui  cuts 
fiiliniiltt  iLin  rtnlit  rcminiv ,  lum  cjm  muci  qui 
iSi  le<u»dbn>  naiufim  depitflcnJt  iolct ,  lurpKionriA 
ini«.ii  fluofi}  a'xuim,  quo  Szc  fanuru  laboralTet  . 

14  Qui  iFaiu  untP  ij  lum  t-nrrtvJunt  m  .r*I'f- 
ft\  tu:)ii  pet¥{nirt  ,  fimiliioJin;  ibiepci  ,  qyz  i  1 
timum  >ltit(ts  ,  ut  sic  Hif;»cr,(n  (  ~  ),  tfj 
&.  AnatumKi\  tnta'duni  imponit  ,  noi  riud  Mua 
eaillimalltnt  e  fcnuali  bniui  rrQliei(i..x  (:tflu:^-ir  ■ 
Mihl  tero  ,  cut  miaioit  piopolitun^  o!  quod  itjnoi 
Anitom'o  aliquando  ic  Mait)ei  icflartut  ■  Ui  qmd 
Upin«  quidam  ahi  ii  ficiltvi  (latiTi-ni,  m  'ubiua 
»i>Caif.  litu  (fi  qi»  i,ic  *nirud»rricnm,  rtiuJiJTt  . 
C«m;;m  (ori  m  qoi  in  »e.rrt  injptu^i.n  ruat  mof- 
lui  cuui  Donaiits  (  '  J  mu.ia  ncmpliio1l<scfil »  noa 
omnia  tamen  <|ux  portiil  »  conuncm  Hi^jt  ;  qaaado 
unutPIia]i»<oiplo,q^tciliudai,kx:o  (t>,  seaAaa, 


Fig.  6.  The  page  in  Morgagni's — De  Sedibus  et  Causis  Morborurn — in  which  the 
gross  pathology  of  aortitis  and  aneurysm  is  beautifulh'  described.  Our  quotation 
begins  6  hues  from  the  top  of  the  second  cohimn. 

pertinens,  eo  siebat  majus,  quo  arteria  pro  pins  ad  cor  accedebat,  Scilicit  alibi 
ifidicia  accurebant  subalba  fnturi  ossis,  alibi  qiiaedam  inchoata  quasi  foraminula, 
sulci  alibi  paralleli  in  longitudinem  ducti:  sic  passim  arieriae  ilia  fades  erat 
inaequalis.    Verum  ubi  ventum  erat  prope  valvules  Semilunares,  quae  strigosae 
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videbantur,  semidiciti  intervallo  supra  earn  quae  tenet  posterioria,  erat  orificium 
quod  apicem  digiti  pollicis  admisisset,  per  quod  Aorta  cum  subrotundo  aneu- 
ry striate  communicabat,  sacculi  forma  ad  ipsam  appensi." 

This  has  been  translated  for  us  by  Benjamin  Alexander  (7)  in  1769  as 
follows:  "Being  then  about  to  lay  open  that  artery  from  the  inferior  ex- 
tremity, which  was  at  the  septum  transversum,  and  having  seen  that  one 
side  of  it,  not  much  higher,  was  black  to  the  extent  of  five  or  six  fingers 
breath;  I  found  that  this  was  owing  merely  to  the  effusion  of  blood  into  the 
cells  of  the  external  coat;  for  the  other  parts  were  quite  in  their  natural 
state.  But  an  internal  disease  began  from  the  left  extremity  of  the  cur\'a- 
ture  of  the  aorta,  and  going  from  thence  quite  to  the  heart,  became  so  much 
the  larger  in  proportion  as  the  artery  came  nearer  to  the  heart.  That  is  to 
say,  in  some  places  whitish  marks  of  a  future  ossification  occur'd;  in  others, 
some  small  foramina,  as  it  were,  had  begun  to  be  form'd,  and  in  still  other 
places  were  parallel  furrows,  drawn  longitudinalh' :  and  in  this  manner  was 
the  surface  of  the  artery  unequal  here  and  there.  But  when  I  came  near 
to  the  semilunar  valves,  which  seem'd  to  be  lank  and  contracted,  at  the 
distance  of  half  an  inch  above  that  which  hes  on  the  back-part,  was  an 
orifice  that  would  have  admitted  the  end  of  a  man's  thumb  hy  means  of 
which  the  aorta  communicated  ^\ith  a  roundish  aneurism,  that  hung  to  it 
in  the  form  of  a  sacculus." 

When  one  remembers  that  Morgagni  was  the  founder  of  the  science  of 
pathological  anatomy  on6  is  amazed  at  the  lucidity  of  his  description  of  the 
lesions  of  syphihtic  aortitis  and  aneurysm. 

Our  next  milestone  was  erected  in  1832  by  Dominic  John  Corrigan, 
phj^sician  to  the  Jervis  Street  Hospital,  Dublin.  Here  Corrigan  de\'oted 
himself  diligently  to  the  care  and  treatment  of  disease  and  to  the  study  of 
pathology.  In  the  Edinburgh  Medical  and  Surgical  Journal  (8)  in  1832 
he  pubUshed  a  paper  entitled  "On  Permanent  Patency  of  the  ^louth  of  the 
Aorta,  or  Inadequac}'  of  the  aortic  Valves."  In  this  article  he  gives  the 
first  description  of  the  physical  signs  of  this  disease:  "1st,  visible  pulsation  of 
the  arteries  of  the  head  and  superior  extremities,  2nd,  Bruit  de  soufflet  in  the 
ascending  aorta,  in  the  carotids,  and  subclavians,  3rd,  Bruit  de  soufflet  and 
fremissiment,  or  a  peculiar  rushing  thrill  felt  by  the  finger,  in  the  carotids 
and  subclavians."  Corrigan  thinks  of  patency  of  the  mouth  of  the  aoiia  as  a 
disease  entit}',  the  cause  of  which  is  unknown  and  does  not  ascribe  it  to 
syphilitic  infection.  Nevertheless,  in  discussing  the  diagnosis  he  has  this  to 
say:  "The  two  diseases,  aneurism  of  the  aorta,  and  inadequacy  of  the  valves, 
may  however,  be  combined.  Aneurism  of  the  ascending  aorta  may,  hy  ex- 
tending to  the  mouth  of  this  vessel,  dilate  it  so  that  the  valves  are  unable  to 
meet,  and  there  is  then  a  combination  of  the  two  diseases;  there  is  aneurism 
and  there  is  permanent  patency  of  the  aortic  opening."  Thus,  in  1832, 
syphilitic  aortitis,  aortic  insufficiency  and  aneurysm  had  not  been  con- 
nected as  manifestations  of  the  same  fundamental  pathologic  process. 
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It  remained  for  Philippe  Ricord  to  be  the  first  to  describe  syphihtic 
lesions  in  the  myocardium.  Ricord  was  born  in  Baltimore,  United  States 
of  America,  of  French  parents  and  received  his  preliminary  medical  educa- 
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AiiT.  I. — On  Permanent  I'alem  ij  nf  the  Moulh  o/  the  Aorta, 
or  Infidrr/iiftij/  of  the  Jnrtic  Vnlves.  liy  1).  J.  Corkigan, 
M.  1).  one  of  the  Physicians  to  the  Cliaritablc  Infirmary, 
Jcrvis  Street,  Dublin  ;  Lecturer  on  the  Theory  and  Practice 
of  Medicine ;  Consulting  Physician  to  St  Patrick's  College, 
-Maynooth. — (  With  Engravings.) 

A  HE  disease  to  which  the  above  name  is  given  has  not,  so  far 
as  I  am  aware,  been  described  in  any  of  the  works  on  diseases 
of  the  heart.  The  object  of  the  present  paper  is  to  supply  that 
deficiency.  The  disease  is  not  uncommon.  It  forms  a  consi- 
derable proportion  of  cases  of  deranged  action  of  the  heart,  and 
It  deserve.s  attention  from  its  j>eculiar  signs,  its  progress,  and  its 
treatment.  The  pathological  essence  of  the  disease  consists  in 
inefficiency  of  the  valvular  apparatus  at  the  mouth  of  the  aorta, . 
io  consequence  of  which  the  blood  sent  into  the  aorta  regurgi- 
tates into  the  ventricle.  This  regurgitation,  and  the  signs  by 
which  it  is  dcnotc<l,  are  not  necessarily  connected  with  one  par- 
ticular change  of  itructure  in  the  valvular  apparatus,  and  hence 
the  name  Permanent  Patency  of  the  Mouth  of  the  Aorta,  or 
Inadequacy  of  the  Aortic  Valves,  has  been  chosen  as  simply  ex- 
pressing such  a  state  of  the  parts  as  permits  the  regurgitation 
to  occur. 

VOL.  xxxvii.  KO.  111.  ]• 


Fig.  7.  The  first  page  of  Corrigan's  article— On  Permanent  Patency  of  the  Mouth 
of  the  Aorta.  This  is  the  communication  in  which  the  pulse  of  aortic  insufficiency 
is  described. 


tion  in  the  United  States  under  his  eldest  brother  J.  B.  Ricord.  He  went 
to  France  in  1820  and  soon  became  interested  in  venereal  disease,  eventually 
becoming  the  leading  authority  of  his  time  in  this  field.    In  his  "Traite 
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Complet  des  Maladies  Veneriennes"  (9)  published  in  1851  he  describes  a 
patient  wdth  late  syphilis  who  was  under  treatment  for  cutaneous  lesions 
of  the  shoulder  and  penis.  One  da}'  the  patient  discovered  blood  flowing 
from  the  ulcerating  lesion  on  the  penis,  felt  .suddenh^  very  dizzy,  lay  down 
on  his  bed  and  expired.  In  the  autopsy  protocol  the  heart  was  described 
in  part  as  follows: 

"...  Les  parois  ventriciilaris  presentienl,  dans  plusieurs  points,  une  alteration 
t liber culiforme,  constituee  par  une  matiere  jaunire,  dure,  criant  sous  la  pointe  du 
bistouri,  sans  vascularite,  de  consistance  squirrlioide  en  quelques  points  et  dans 
d'autres,  analogue  pour  I'aspect  a  la  matiere  tuberculeuse  en  voie  de  ramollissi- 
ment.  En  un  mot,  on  retrouva  la  les  caracteres  des  nodus  ou  tubercules  syphili- 
tiques,  accidents  tertiares  qui  on  observe  souvent  dans  le  tissue  cellulaire  sous — 
cutane  ou  sous-muqueux."  .  .  . 


Fig.  8.  The  gross  specimen  showing  mvocardial  gumnaata.  Ricord's  case,  Plate 
XXIX. 

The  ventricular  walls  present  at  several  points  a  tubercle-like  change, 
consisting  of  a  yellowish  material,  hard,  audible  under  the  point  of  a 
bistoury  without  vascularity,  of  schirrous  consistence  at  .several  points 
and  at  others  similar  in  appearance  to  tuberculous  material  in  the  process 
of  softening.  In  a  word,  one  will  find  there  the  characteristics  of  .syphilitic 
nodes  or  tubercles,  tertiary  lesions  that  are  often  observed  in  the  cellular 
.subcutaneous  or  submucous  tissue."  With  this  observation  Ricord  set 
up  the  next  milestone  in  the  path  of  our  knowledge  about  cardiovascular 
syphihs.  Involvement  of  the  heart  muscle  by  .syphilitic  lesions  was 
demonstrated. 

It  remained  for  Dohle  writing  in  the  Deutches  Archiv  fiir  Klinische 
Medizin  (10)  in  1895  to  fit  the  pieces  of  this  puzzle  together.  He  studied 
patients  with  syphilis,  followed  them  to  autopsy,  described  the  gro.ss  and 
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microscopic  lesions  lie  observed  in  the  aorta  and  came  to  the  following 
conclusions : 

ResuUate: 

1.  Die  syphUiiische  Entzilndung  der  Aorta  ist  makroskopisch  gekennz- 
cichnet  (lurch  fttrahlig-narhigc  Einzichungcn  iind  gruhenjormigc  Vertie- 


FiG.  9.  The  gross  specimen  and  sections  in  which  Renter  first  demonstrated  the 
spirochaete  pallida. 

ftingen  der  Innenflciche.  Daneben  kann  cine  Wucherung  der  Innen- 
haut  {chronische  Endarteriitis)  bestehen.  Die  Einziehungen  sind 
bedingt  durch  diffuse  und  gummose  Entziindungen  in  der  Media  und 
Adventitia,  die  hier  zur  Entwicklung  narbigen  Bindegewebes  fiihren. 
2.  Die  entzundlichen  Verdnderungen  der  Media  ermoglichen  die  Bildung 
von  Aneurysmen. 

1)  Syphilitic  aortitis  is  characterized  by  star  shaped  scars  and  depres- 


852 


EDWIX  P.  MAYNARD,  JR. 


sions  of  the  inner  suiiace.    There  may  be  a  chronic  endarteritis. 
The  contractions  are  caused  by  diffuse  and  gummatous  inflammations 
in  the  media  and  adventitia,  which  lead  to  scar  tissue  formation. 
2)  The  inflammatory  lesions  of  the  media  allow  the  formation  of  an- 
eurysm. 

Before  Dohle  it  was  known  that  aneurysm  of  the  aorta  was  a  syphilitic 
lesion  and  its  gross  pathological  anatomj^  had  been  well  described  but  to 
him  belongs  the  credit  for  the  description  of  .sj'philitic  aortitis  and  for  its 
recognition  as  the  basic  lesion  upon  which  aneurysm  develops. 

The  final  proof  in  the  chain  of  reasoning  that  connected  syphilis  and 
aortitis  awaited  the  work  of  Karl  Reuter.  This  investigator,  only  two 
years  after  the  discoverj'-  of  the  spirochaete  pallida  by  Schaudinn  in  1904 
demonstrated  this  organism  in  the  wall  of  the  aorta  in  a  case  of  syphilitic 
aortitis.  In  a  paper  published  in  the  Zeitschrift  fiir  Hygiene  und  Infec- 
tionskrankheiten  (11)  in  1906  appears  the  following  .sentence: 

"Es  famlen  sich  histologisch  zwar  keine  gummdsen  Verdnderungen,  aber 
dock  sdmtliche  iibrigen  Kriterien,  welche  der  Hellerschen  Aortitis  zukommen, 
in  ausgesprochenster  Weise,  und  ausserdem  in  den  nach  Levaditis  Methode 
hehandelten  Stiicken  der  Gefdsswand  unzweifelhaft  zahlreiche  Exemplare  der 
Spirochaete  pallida." 

"Histologically  no  gummatous  changes  could  be  found  but  all  the  other 
criteria  of  Heller's  aortitis  were  present  and  above  all,  in  the  prepared 
pieces  of  ti.s.sue  of  the  vessel  wall  numerous  spirochaete  pallida  were  demon- 
strated by  Levaditis  method." 

Our  pioneers  Pare,  Lancisi,  Morgagni,  Corrigan,  Ricord,  Dohle  and 
Reuter  have  opened  up  for  us  the  frontiers  of  cardio\  ascular  sj'philis  and 
have  left  milestones  that  we  may  study  and  in  so  doing  learn  the  way  hy 
which  the}'  came.  In  the  beginning  their  steps  were  groping  and  sometimes 
in  the  wrong  direction  but  as  the  path  opened  up  they  became  more  sure. 
It  was  the}'  who  made  the  great  discoveries  in  this  new  field  but  there  still 
remains  much  work  for  men  of  our  time  to  do  before  the  last  frontier  has 
vanished. 

The  author  ^\dshes  to  express  his  thanks  to  Mr.  Charles  Frankenberger, 
Librarian  of  the  Medical  Society  of  the  Count}'  of  Kings  and  to  his  assistant 
Mr.  Wesley  Draper  for  skillful  assistance  given  in  consulting  source  ma- 
terial. It  is  noteworthy  that  all  the  original  pubhcations  in  their  first 
editions  were  found  in  this  library  except  the  first  edition  of  Les  Oeuvres  by 
Ambroise  Pare.  This  is  in  the  Library  of  the  Xew  York  Academy  of 
^Medicine. 
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THE  USE  OF  HIGH  FAT  AND  HIGH  PURINE  DIETS  IX  THE 
DIAGNOSIS  OF  GOUT 


CURRIER  McEWEX,  M.D. 

[From  the  Department  of  Medicine,  Xew  York  University  College  of  Medicine  and  the 
Third  (Xew  York  University)  Medical  Division  of  Bellevue 
Hospital,  Xew  York  City] 

Acting  on  the  earlier  observations  (1,  2)  that  diets  high  in  fat  lead  to  an 
increase  in  blood  uric  acid  levels,  Lockie  and  Hubbard  (3,  4)  in  1935  applied 
such  diets  in  the  study  of  gouty  patients  to  ascertain  their  value  as  a  provoc- 
ative test  in  the  diagnosis  of  gout.  They  reported  ten  trials  in  five  gouty 
patients  and  were  successful  in  inducing  exacerbations  or  new  attacks  in 
nine  of  the  attempts.  In  four  patients  with  "chronic  arthritis,"  on  the 
other  hand,  similar  high  fat  diets  were  followed  by  no  increase  in  symp- 
toms. Lockie  and  Hubbard  also  observed  that  the  gouty  attacks  induced 
by  the  high  fat  diet  subsided  promptly  when  the  diet  was  changed  to  one 
low  in  fat  and  protein  but  high  in  carbohydrate. 

In  our  own  clinic  we  have  long  felt  the  need  for  an  effective  provocative 
test  to  help  establish  the  diagno.sis  in  doubtful  cases.  This  is  especially 
true  in  those  patients  who  are  first  seen  when  their  .symptoms  are  subsiding 
and  in  whom,  therefore,  blood  uric  acid  determinations  and  the  therapeutic 
test  with  colchicine  often  are  not  informative.  For  this  reason,  the  study 
reported  here  was  undertaken  to  learn  whether  high  fat  diets  would  prove 
helpful  in  our  hands  and  to  see  how  they  would  compare  with  diets  high 
in  purines. 

METHOD 

Each  patient  was  placed  on  the  ordinary  ward  diet  or  on  a  low  purine 
diet  until  the  acute  attack  for  which  he  entered  the  hospital  had  subsided 
complete!}'.  A  high  fat  diet  was  then  started  and  continued  for  a  period 
ranging  from  se\  en  to  twenty-nine  daj's.  This  was  followed  hy  a  period  of 
high  carbohydrate,  low  fat  and  low  purine  diet  lasting  three  to  twelve 
days.  In  seven  instances  an  additional  period  of  high  purine  diet  was  given 
for  six  to  fourteen  days  followed  by  another  trial  of  high  carbohydrate 
feeding.  In  one  patient  still  another  period  of  high  fat  and  then  of  high 
carbohydrate  diet  was  given  (chart  1).  The  number  of  grams  of  carbo- 
hydrate, protein  and  fat  in  the  diets  was  approximately  as  follows: 


CARBOHYDRATE 

PROTEIN 

FAT 

High  fat  

50 

45 

260-300 

High  carbohydrate  

300 

70 

85 

High  purine  

119 

143 

87 

854 
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The  high  fat  and  hi<ih  oarl)()hy(lrat(>  diets  \v(m-c  low  in  ])urinos,  tlicir 
protein  being  dorivetl  mainly  from  milk,  eggs  and  cheese.  During  the 
periods  of  high  purine  intake  the  patients  received  meat  at  every  meal  and 
thymus  sweetbreads  or  liver  at  least  once  eaeh  day.  They  also  drank 
1500  cc.  of  beer  daily. 

Uric  acid  determinations  were  made  by  the  direct  colorimetric  method  of 
Benedict  (5).  For  the  blood  analyses,  protein-free  filtrates  were  pre])ared 
by  Benedict's  method  (0).  Early  in  the  study  these  were  prepared  from 
whole  blood  but  late"  both  whole  blood  and  serum  were  used  and  it  was 
found  that  the  figures  for  the  latter  were  consistently  higher  than  those  for 
whole  blootl  by  0.5  to  1.15  mg.  Blootl  samples  were  taken  twice  weekly 
after  breakfast.  Twenty-four  hour  urine  collections  were  made  on  the 
corresponding  days  in  some  patients. 

Xo  drugs  which  might  affect  .symptoms  or  uric  acid  excretion  were  given 
except  colchicine  for  the  relief  of  several  severe  attacks  of  gout  which 
developed  during  the  periods  of  stud\'.  The  diets  were  tried  in  gouty  sub- 
jects and  controls  as  follows: 


DISEASE 

HIGH  FAT  DIET 

HIGH  Pl  RItre  DIET 

Number  of 
trials 

Number  of 
patients 

Number  of 
trials 

Number  of 
patients 

Gout — acute  

3 

2 

2 

2 

Gout — chronic  

2 

1 

0 

0 

Probable  gout   

2 

2 

1 

1 

Rheumatoid  arthritis  

2 

2 

2 

2 

Normal  controls  

2 

2 

2 

2 

RESULTS 

Gout.  Two  patients  (cases  1  and  2  below)  had  imquestionable  gout 
in  the  acute  stage  of  the  di.sea.se,  as  shown  by  characteristic  histories  and 
joint  findings,  tophi,  and  typical  response  to  colchicine,  but  no  deformities 
or  residual  joint  changes  between  attacks.  Another  (case  3A  and  B)  was 
in  the  advanced  stage  of  chronic  gout  with  many  tophi  and  sevei'e  arthritic 
deformities.  Two  other  patients  (cases  4  and  5)  were  believed  to  have  gout 
because  of  the  features  noted  in  the  protocols,  but  were  considered  ques- 
tionable for  the  purposes  of  this  paper  because  tophi  were  absent  and  there 
was  no  opportunity'  to  test  the  therapeutic  response  to  colchicine. 

CASE  REPORTS 

Case  /.  History.  J.  G.,  a  man  aged  fiftj'-one  was  admitted  to  the  Third  Medical 
Division  of  Bellevue  Hospital  on  October  31,  1936  because  of  joint  pain.  The  family 
history  was  negative  for  gout  and  the  patient's  own  story  was  unremarkable  up  to 
1908  when,  at  the  age  of  twenty-three,  he  had  joint  pain  similar  to  the  present  attack, 
which  was  diagnosed  as  gout.  Two  similar  attacks  occurred  about  1912  and  then 
none  up  to  the  present,  although  he  had  had  several  hospital  admissions  because  of 
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acute  alcoholism.  He  was  an  habitual  drinker  of  beer,  taking  five  to  six  glasses  daily. 
He  had  had  gonorrheal  urethritis  in  1928  which  had  cleared  without  residua.  The 
present  illness  began  three  days  before  admission  with  pain,  swelling  and  redness 
in  the  left  big  toe.  On  the  same  day  the  metatarsal  region  of  the  left  foot  and  the 
left  knee  became  similarly  involved  and  the  next  day  both  ankles. 

Examination.  The  temperature  on  admission  was  101 .8°F.  with  a  corresponding 
pulse  rate.  He  did  not  look  ill,  but  obviously  was  in  severe  pain.  There  was  no 
evidence  of  rheumatic  heart  disease  or  urethritis.  All  teeth  were  absent.  The  left 
knee,  both  ankles,  left  metatarsal  region  and  big  toes  of  both  feet  were  painful,  tender 
and  warm  and  presented  a  purplish-red,  swollen,  shiny  appearance.  A  tophus  pres- 
ent on  the  right  ear  was  found  to  contain  urates  by  both  microscopic  and  chemical 
examination. 

Course.  The  joint  symptoms  gradually  cleared  without  special  therapy  and  on 
November  9  a  high  fat  diet  was  begun.  As  shown  in  chart  1,  the  blood  uric  acid 
which  had  been  4  mg.  per  cent  rose  to  6  mg.  after  five  days,  but  then  fell  in  spite  of 
the  fact  that  the  diet  was  continued  unchanged.  On  November  20  the  left  big  toe 
became  painful,  swollen  and  red,  but  this  too  disappeared  after  two  days  in  spite  of 
continued  high  fat  diet.  On  November  26  the  right  ankle  and  both  big  toes  were 
similarly  involved  but  once  more  cleared  while  the  diet  remained  high  in  fat.  With 
the  change  to  a  high  carbohydrate  diet,  the  blood  uric  acid  fell  still  further  to  the 
original  level.  Following  the  start  of  the  high  purine  diet  on  December  9,  the  blood 
uric  acid  level  rose  rapidly,  but  arthritis  did  not  appear  until  December  21,  when  the 
blood  uric  acid  had  reached  11  mg.  per  cent.  Both  thumbs,  the  metatarsal  regions 
of  both  feet  and  the  left  big  toe  were  involved  and  this  time  pain,  swelling  and  red- 
ness were  so  severe  that  codeine  was  required  and  on  December  22  the  diet 
was  changed  to  one  high  in  carbohydrate.  Again  the  blood  uric  acid  fell  rapidly  but 
the  pain  subsided  more  gradually.  On  December  29  the  high  fat  diet  was  resumed. 
The  blood  uric  acid  levels  increased  only  slightly,  but  on  the  fifth  day  acute  arthritis 
reappeared  in  the  left  big  toe.  Once  more  it  subsided  after  a  few  days  in  spite  of 
continuation  of  the  high  fat  diet. 

As  is  shown  in  chart  1,  the  fluctuations  in  the  24  hour  uric  acid  excretion  in  the 
urine  tended  to  parallel  those  of  the  blood  uric  acid  level.  There  is  some  question 
about  the  absolute  accuracy  of  the  urine  collections  between  December  15  and  De- 
cember 30. 

The  patient  has  attended  the  arthritis  clinic  irregularly  since  discharge  and  has 
had  two  additional  admissions  to  the  wards  on  March  29,  1938  and  July  30,  1939,  be- 
cause of  arteriosclerotic  heart  disease  with  congestive  failure  and  substernal  pain. 
The  latter  was  severe  both  times,  but  the  presence  of  myocardial  infarction  was  con- 
firmed electrocardiographically  only  the  second  time.  During  the  first  of  these 
admissions  a  typical  attack  of  acute  gout  occurred  on  the  ward. 

Case  2.  History.  E.  M.,  a  fifty-two  year  old  man  was  admitted  on  May  6,  1937 
in  a  characteristic  attack  of  acute  gout  involving  the  left  foot  and  toes,  right  ankle 
and  left  wrist.  He  had  had  these  attacks  since  1925  and  on  three  previous  admis- 
sions had  shown  blood  uric  acid  levels  above  7  mg.  per  cent  and  typical  response  to 
colchicine.  There  were  no  tophi  and  x-ray  changes  were  no  more  than  suggestive  of 
gout.  Between  attacks  the  joints  were  perfectly  normal.  Serum  rather  than  whole 
blood  was  used  for  the  blood  uric  acid  determinations  in  this  patient. 

Course.  A  high  fat  diet  was  started  on  May  15  when  the  patient  was  symptom 
free.  The  serum  uric  acid  remained  about  9  mg.  per  cent,  which  it  had  been  before 
the  diet  was  begun,  but  on  May  22  pain,  redness  and  swelling  appeared  in  the  left 
foot.  The  regular  ward  diet  was  resumed  on  May  23  but  arthritis  spread  to  involve 
both  feet  and  big  toes  although  the  uric  acid  fell  slightly.    A  high  carbohydrate  diet 
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was  given  from  May  27  to  June  8  and  during  that  period  the  patient  had  no  pain  and 
two  serum  uric  acid  determinations  were  4.7  and  6.6  mg.  per  cent.  With  the  start 
of  a  high  purine  diet  on  June  8  the  uric  acid  rose  to  11  mg.  per  cent  on  June  16.  Pain 
was  present  in  the  right  big  toe  on  June  15,  but  it  was  shght  and  lasted  only  one  day 
in  spite  of  continued  high  purine  feeding  up  to  June  21.  Since  this  admission  he  has 
liad  three  more  attacks  of  gout. 

Case  3A.  History.  M.  K.,  a  man  aged  fift}--five  was  admitted  on  April  30,  1936  in 
an  exacerbation  of  chronic  gout.  He  had  had  many  attacks  since  the  onset  in  1914 
but  had  been  entireh'  normal  between  attacks  up  to  1929.  Since  then  there  had  been 
progressively  increasing  deformity  and  disability  which  on  admission  was  suggestive 
of  rheumatoid  arthritis.  The  diagnosis  was  made  clear,  however,  bj'  the  presence  of 
numerous  tophi  which  were  examined  microscopically  and  chemically. 

Course.  A  high  fat  diet  was  started  on  June  1  when  the  exacerbation  which  had 
brought  him  to  the  hospital  had  subsided.  Blood  uric  acid  continued  to  be  between 
9  and  10  mg.  per  cent  as  it  had  been  on  the  regular  ward  diet,  but  on  June  7  pain, 
swelling  and  redness  appeared  in  the  right  elbow  and  persisted  five  daj'S.  On  June  9 
the  blood  uric  acid  was  10.4  mg.  per  cent  but  thereafter  it  fell  gradually  to  7.5  mg. 
per  cent  on  June  18  in  spite  of  continued  high  fat  diet.  On  that  date  also  pain  ap- 
peared in  the  left  hip  and  knee  but  again  cleared  after  four  days  although  the  diet  was 
Continued  until  June  30. 

Case  SB.  History.  The  same  patient  was  readmitted  January-  12,  19.37  in  another 
exacerbation.  During  this  admission  blood  uric  acid  determinations  were  made  on  the 
serum  instead  of  whole  blood.  The  pain  cleared  rapidly  at  first  but  while  still  on  the 
regular  ward  diet  a  severe  attack  occurred  spontaneously  involving  wrists,  big  toes 
and  feet.    This  subsided  on  colchicine  and  a  high  carbohydrate  diet  and  on  February 

4  a  high  fat  diet  was  begun.  On  admission  the  serum  uric  acid  had  been  7.7  mg.  per 
cent  but  fell  to  5.5  mg.  per  cent  while  on  regular  and  high  carbohydrate  diets.  On 
the  high  fat  regime  it  rose  to  7  and  7.6  mg.  per  cent  on  February  6  and  February-  10 
respectively.  On  Februarj'  9  another  severe  attack  of  gout  occurred  in  his  fingers, 
right  knee  and  shoulders.  Following  a  change  to  a  high  carbohydrate  diet  on  Feb- 
ruary 12  the  uric  acid  fell  sharply  to  3.6  mg.  per  cent  by  February  17  but  then  rose  to 

5  mg.  and  7.5  mg.  per  cent  in  spite  of  continued  high  carbohydrate  diet. 

Case  4-  History.  J.  B.,  a  man  aged  forty-eight  enterefl  the  hospital  on  October  20, 
1936.  He  had  had  twelve  or  more  attacks  of  acute  arthritis  involving  both  toes  and 
sometimes  the  knees,  over  a  period  of  twenty  years.  These  subsided  in  seven  to  ten 
days  and  left  no  residua  between  attacks.  The  present  one  had  begun  the  day  before 
admission.  He  was  a  heavy  eater  of  meat  and  drank  much  wine  and  beer.  The  left 
big  toe  and  dorsum  of  the  left  foot  were  extremely  painful,  tender,  red.  swollen  and 
shiny.  There  were  no  tophi  and  no  significant  x-raj'  changes.  The  blood  uric  acid 
on  October  21  was  5  mg.  per  cent.  Joint  involvement  subsided  without  special 
therapy  and  on  the  regular  ward  diet  the  blood  uric  acid  fell  to  4  mg.  per  cent  on 
October  23  and  3.5  mg.  per  cent  on  October  26.  Following  the  start  of  a  high  fat  diet 
on  October  30  the  blood  uric  acid  rose  to  4.5  mg.  per  cent  on  November  3  and  5.8  mg. 
per  cent  on  November  6  and  remained  at  approximately  that  level  while  the  diet  was 
maintained.  Mild  pain  appeared  in  the  lumbar  region  on  November  11  which  sub- 
sided gradually  after  three  days.  Following  change  to  high  carbohydrate  diet  on 
November  13  the  blood  uric  acid  fell  to  4  mg.  per  cent  on  November  17  and  remained 
between  4  and  5  mg.  per  cent  until  discharge. 

Case  5.  History.  A.  C,  a  man,  aged  sixty-two  was  admitted  Januarj-  18, 1937  for 
dietarj'  observation.    In  1934  he  had  experienced  his  first  attack  of  joint  pain  in- 
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volving  the  right  knee  and  ankle.  He  stated  this  had  been  diagnosed  gout .  In  July 
1936  he  was  admitted  to  our  wards  in  an  acute  attack  involving  the  big  toes,  feet  and 
right  knee  which  subsided  spontaneously  after  five  days.    The  blood  uric  acid  was 

6.1  nig.  per  cent  and  gout  was  again  diagnosed.  There  were  no  tophi  or  .\-ray  changes. 
On  January  S,  1937  he  experienced  a  third  attack  of  severe  pain,  swelling  and  redness 
of  the  metatarsal  region  of  the  left  foot  which  cleared  save  for  slight  residual  soreness 
after  two  days.  He  was  consuming  large  amounts  of  meat  and  beer.  Serum  uric  acid 
determination  on  admission  was  5.4  mg.  per  cent  but  fell  to  4.5  mg.  per  cent  by  Feb- 
ruary 1 .  Following  the  start  of  a  high  fat  diet  on  February  2  the  serum  uric  acid  level 
rose  to  5.5  mg.  per  cent  on  February  4  but  then  fell  steadily  to  5  mg.  per  cent  on  Feb- 
ruary 8  and  February  1 1  and  4  mg.  per  cent  on  February  15  in  spite  of  a  continued  high 
fat  diet.  On  February  14  very  slight  pain  without  swelling  appeared  in  the  left 
metatarsal  region  but  disappeared  after  two  days.  A  high  carbohydrate  diet  from 
February  20  to  February  24  caused  no  further  fall  in  uric  acid.  A  high  purine  diet 
was  started  on  February  24  and  the  uric  acid  rose  to  7.2  and  7  mg.  per  cent  on  Feb- 
ruary 28  and  March  1  and  then  fell  sharply  to  3  mg.  per  cent  on  March  5  after  return 
to  the  regular  ward  diet.    There  was  no  joint  pain  during  this  period. 

Rheumatoid  arthritis.  Two  patients  with  this  type  of  joint  disease  were 
studied  in  the  manner  described  above.  In  both  patients  there  were 
changes  in  multiple  joints  typical  of  rheumatoid  arthritis,  subcutaneous 
nodules  were  present,  and  the  hemolytic  streptococcus  agglutination  reac- 
tion was  strongly  positive. 

Case  6.  History.  L.  B.,  a  man,  aged  fifty-seven  was  admitted  October  12,  1936 
with  rheumatoid  arthritis  of  two  years'  duration.  Because  of  continuous  low-grade 
joint  pain,  acetyl  salicylic  acid  was  given  throughout  the  period  of  study.  Uric  acid 
determinations  were  made  on  the  serum  rather  than  whole  blood.  A  high  fat  diet  was 
started  on  .\pril  3,  1937  and  the  serum  uric  acid,  which  had  been  4  mg.  per  cent,  rose 
gradually  to  5  and  5.5  mg.  per  cent  on  the  fourth  and  fourteenth  days  respectively 
but  there  was  no  increase  in  pain  above  the  patient's  usual  mild  level.  During  seven 
days  of  high  carbohydrate  diet  two  uric  acid  determinations  gave  figures  of  4.6  and 
5  mg.  per  cent.  Following  the  start  of  a  high  purine  diet  on  April  27  the  serum  uric 
acid  rose  to  10.5  and  11  mg.  per  cent  on  May  1  and  May  5  resijectively.  It  then  fell, 
however,  to  7.8  mg.  per  cent  on  May  11  in  spite  of  continued  high  purine  diet.  For 
two  days  beginning  May  4  there  was  slight  increase  in  the  joint  pain. 

Case  7.  History.  I.  D..  a  colored  woman,  aged  thirty-three  was  admitted  on 
January  21,  1938  with  rheumatoid  arthritis  of  one  year's  duration.  After  the  start 
of  high  fat  diet  on  February  17,  the  blood  uric  acid  remained  between  2.5  and  3  mg. 
per  cent  fas  it  had  been  prior  to  the  diet)  until  March  2  when  it  reached  4  mg.  per  cent. 
High  carbohydrate  was  fed  from  that  date  to  March  5  when  high  purine  diet  was 
begun.    By  March  9  the  blood  uric  acid  had  increased  to  5.7  mg.  per  cent  but  fell  to 

5.2  mg.  per  cent  by  March  12  on  which  date  the  diet  was  discontinued.  Slight  exacer- 
bation of  pain  occurred  toward  the  end  of  both  the  high  fat  and  high  purine  regimes. 

Xormal  controls.  Similar  observations  were  carried  out  on  two  healthy 
medical  students.  In  Iwth,  the  blood  uric  acid  determinations  were  made 
on  .semm  rather  than  whole  blood. 

Case  8.  History.  B.  S..  a  normal  man,  aged  24,  began  high  fat  diet  on  .\pril  6, 
1938.  On  .\pril  8  the  serum  uric  acid  was  3.5  mg.  per  cent  as  it  had  been  prior  to  the 
diet,  but  it  rose  to  5  mg.  per  cent  on  .\pril  11  and  5.5  mg.  per  cent  on  .\pril  15  and  then 
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fell  to  4.5  mg.  per  cent  on  April  18.  High  carbohydrate  diet  was  started  later  that  day 
and  the  serum  uric  acid  fell  still  further  to  3.9  mg.  per  cent  on  April  23.  Following 
high  purine  diet  begun  on  April  27,  the  level  rose  to  5.5  mg.  per  cent  on  May  1  and 
then  fell  gradually  on  return  to  a  regular  diet.    No  joint  pain  occurred. 

Case  9.  History.  P.  B.,  a  normal  man,  aged  27,  took  the  various  diets  on  the 
same  dates  as  B.  S.  Prior  to  the  special  diets  the  serum  uric  acid  was  3.6  mg.  per 
cent  and  this  level  remained  almost  constant  throughout,  rising  to  only  4.4  and  4.6 
mg.  per  cent  on  the  high  fat  and  high  purine  diets  respectively  and  falling  to  only 
3.6  mg.  per  cent  on  the  high  carbohydrate  regime.    There  were  no  joint  complaints. 

DISCUSSION 

From  these  case  reports  it  can  be  seen  that  five  trials  of  high  fat  diet  in 
patients  with  unquestionable  gout  were  followed  by  the  appearance  of  gouty 
attacks  in  every  instance.  This  is  in  agreement  with  the  findings  of  Lockie 
and  Hubbard  (3,  4).  However,  in  their  study  the  new  attacks  appeared 
within  a  few  days  of  the  start  of  the  high  fat  diet  whereas  in  our  patients 
the  shortest  interval  was  five  days  and  in  one  instance  eleven  days  passed 
before  pain  occurred.  This  difference  was  not  due  to  feeding  insufficient 
fat  for  the  fat  content  of  our  diets  was  higher  in  most  instances  than  that 
of  the  diets  used  by  Lockie  and  Hubbard.  In  some  of  our  cases,  further- 
more, the  attacks  induced  were  quite  mild  and  in  each  instance  in  which 
the  diet  could  be  continued  after  the  appearance  of  pain,  the  attack  sub- 
sided in  spite  of  the  continued  diet.  Blood  uric  acid  levels  increased  to 
some  extent  in  all  but  two  instances  (cases  2  and  3A) ,  but  in  most  the  increase 
was  slight  and  several  times  the  levels  decreased  after  a  preliminary  rise  in 
spite  of  continuation  of  the  diet.  Indeed,  in  two  instances  (cases  1  and 
3A)  the  recrudescences  of  goutj'  pain  occurred  while  the  blood  uric  acid  was 
falling.  Although  the  number  of  cases  is  far  too  small  to  warrant  drawing 
a  conclusion,  the  results  suggest  that  the  induced  attacks  were  more  severe 
and  occurred  earlier  in  the  patients  with  more  advanced  disease.  From 
the  standpoint  of  diagnosis,  the  results  in  the  two  patients  with  unproven 
gout  were  disappointing,  for  the  slight  attacks  of  joint  pain  which  followed 
high  fat  feeding  were  not  entirely  convincing  (cases  4  and  5) .  If  these  two 
patients  have  gout,  which  is  probable,  it  would  appear  that  high  fat  diets 
tend  to  be  less  informative  in  those  doubtful  cases  in  which  help  is  most 
needed. 

Compared  with  the  high  fat  diets,  the  high  purine  diets  led  to  much  more 
striking  increases  in  blood  uric  acid.  On  the  other  hand,  they  were  not 
more  successful  in  inducing  gouty  attacks.  Indeed,  patient  E.  M.  (case  2) 
had  a  much  more  definite  attack  on  the  high  fat  than  on  the  high  purine 
diet;  in  the  case  of  J.  G.  (case  1),  however,  the  reverse  was  true. 

It  appears  from  these  results,  moreover,  that  even  a  mai'ked  rise  in  blood 
uric  acid  after  high  fat  or  high  purine  feedings  is  not  diagnostic  of  gout,  for 
patient  L.  B.  (case  (6)  wdth  rheumatoid  arthritis  showed  a  rise  after  high 
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purine  diet  as  marked  as  that  of  the  patients  with  gout.  Tliis  is  in  general 
agreement  with  earHer  studies.  It  seems  clear  also  that  either  diet  to  be 
used  as  an  effective  provocative  test  must  be  kept  up  at  least  two  weeks 
before  conclusions  can  be  drawn  from  a  negative  response.  Like  so  many 
other  tests,  a  positive  result  is  much  more  informative  than  a  ncgati\x'  one. 
A  practical  disadvantage  of  the  high  fat  diet  is  its  unpleasantness.  To  call 
the  diet  unpalatable  is  gross  understatement  and  man.y  patients  would  find 
it  impo.ssible  to  continue  it  as  long  as  might  be  necessary. 

In  chart  1  it  will  be  seen  that  the  24  hour  excretion  of  uric  acid  in  the 
urine  was  recorded  as  well  as  the  blood  uric  acid  levels  for  patient  J.  G. 
Similar  measurements  were  made  in  six  of  the  other  subjects  studied  (M.  K., 
J.  B.,  A.  C,  L.  B.,  B.  S.,  and  P.  B.).  In  general  the  uric  acid  excretion 
curves  for  these  patients  tended  to  parallel  the  fluctuations  of  the  blood 
uric  acid.  This  was  surpi-ising,  for  other  reports  (1 ,  2,  7)  of  patients  during 
starvation  or  high  fat  feeding  ha\'e  shown  a  diminished  excretion,  which  is 
thought  to  be  the  cause  of  the  increased  amount  of  uric  acid  in  the  blood. 
We  have  no  explanation  of  this  discrepancy  between  oiu'  results  and  those 
of  others,  but  are  investigating  it  further. 

SUMMARY  AND  CONCLUSIONS 

A  study  is  reported  of  clinical  response  and  blood  uric  acid  levels  of  gouty 
and  non-gouty  subjects  during  successive  periods  of  high  fat,  high  carbo- 
hydrate and  high  purine  diets.  Both  high  fat  and  high  purine  diets  led  to 
increased  blood  uric  acid  levels  but  the  latter  were  more  effective  than  the 
former  in  this  respect.  Both  diets  appeared  to  be  effective  in  inducing 
attacks  of  gout  and  hence  are  of  value  as  provocative  tests  in  the  diagnosis 
of  that  disease.  For  negative  results  to  be  diagnostically  significant,  how- 
evei-,  the  diets  must  be  continued  at  least  two  weeks.  The  unpalatable 
character  of  the  high  fat  diets  is  a  practical  disadvantage.  Diets  high  in 
carbohydrate  and  low  in  fat  and  purines  were  followed  by  a  rapid  fall  in 
the  high  blood  uric  acid  and  amelioration  of  the  joint  symptoms  induced 
by  high  fat  and  high  piu'ine  diets  in  gouty  subjects. 

The  author  wishes  to  express  his  thanks  to  Drs.  Philip  Berwick,  Benjamin 
1.  Schneiderman  and  Bernard  Weisl  who  assisted  in  this  study  as  student 
volunteers. 
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EXPEROIENTAL  HOLES  IX  THE  RETINA» 


A  Theory  of  Spoxtaxeous  Retinal  Detachment  in  Relation  to  the 

Zonular  Membrane 

Preliminary  Report 

HENRY  MINSKY,  M.D. 
[New  York] 

It  is  well  known  clinicallj^  that  in  cases  of  "idiopathic"  retinal  detach- 
ment in  which  there  is  an  arrow-head  or  horse-shoe  shaped  tear,  its  con- 
vexity faces  the  nerve  head,  while  its  concavity  is  directed  forward. 

No  completely  satisfactory  explanation  of  either  the  shape  or  position 
of  such  a  tear  has  as  yet  been  offered.  It  occurred  to  me  that  the  cres- 
centic  shape  of  the  tear  or  hole  is  caused  by  the  resultant  of  two  forces: 
1)  a  linear  pull  in  the  plane  of  the  retina  and  2)  a  push  arising  from  in- 
creased pressure  in  the  vitreous. 

To  check  the  validity  of  this  idea,  tears  of  the  retina  were  produced 
in  eyes  from  slaughtered  calves  and  monke5's.  The  technique  finally 
adopted  was  to  remove  an  oblong  of  sclera,  and  expose  the  choroid.  The 
eyeball  then  was  held  in  one  hand  with  a  pressure  that  approximated 
the  intraocular  tension  present  during  life.  Forceps  held  in  the  other 
hand  grasped  one  point  of  the  choroid.  When  the  choroid  was  suddenly 
pulled  in  its  plane  an  oval  hole  was  produced.  The  retina  was  seen  to 
have  suffered  a  simultaneous,  smaller,  kidney-shaped  tear  whose  concavity 
was  always  found  to  face  in  the  direction  of  the  pull. 

In  each  of  foiu-  calf  eyes  a  scleral  window  was  made  in  approximately  the 
.same  location.  In  the  first  eye,  a  point  in  the  choroid  was  pulled  toward 
the  cornea;  in  the  .second  toward  the  optic  nerve,  in  the  third  to  the  right, 
and  in  the  last  to  the  left.  All  the  holes  in  the  retina  so  produced  were 
kidney-shaped  and  the  concavity  faced  the  respective  source  of  the  trac- 
tion,   (fig.  1.) 

From  these  observations  it  was  concluded  that  in  clinical  cases  of  de- 
tachment of  the  retina  the  arrow-shaped  holes  are  caused  by  a  pull  on 
the  retina  from  a  point  in  front.  The  only  structure  capable  of  exerting 
.'Juch  a  pull  and  drawing  the  retina  forward  is  the  ciliary  muscle  when  it 
contracts.    It  .seems,  however,  that  the  structure  of  the  retina  is  not  the 

'  From  the  Ophthalmological  Service  of  Dr.  Kaufman  Schlivek,  The  Mount  Sinai 
Hospital.  The  author  wishes  to  express  his  gratitude  to  Dr.  Bernard  Samuels  whose 
interest  and  advice  were  Extremely  helpful  in  the. microscopic  work,  the  major  part 
of  which  was  carried  out  at  the  New  York  Eye  and  Ear  Infirmarj'. 
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deciding  factor  in  determining  the  direction  of  the  tear  and  the  relation 
of  its  convexit}^  to  the  optic  nerve  head. 

AXATOMICAL  FACTORS 

In  a  preUminary  report  on  the  Concept  of  a  Zonular  Chamber^  the 
following  observations  were  recorded: 

1.  Adherence  of  the  retina  to  the  hyaloid.  After  peeling  off  the  sclero- 
corneal  and  uveal  coats  in  fresh  animal  or  human  eyes,  it  is  seen  that 
the  normal  adherence  of  the  retina  to  the  underlying  hyaloid  of  the  vit- 


FiG.  1.  Schematic  drawing  showing  the  four  eyes  used  in  one  of  the  experiments. 
The  asterisk  indicates  the  application  of  the  pulling  force.  The  broken  arrows  show 
the  direction  of  the  pull.  The  dark  crescents  represent  the  resulting  tears  in  the 
retina.  These  have  the  concavity  always  facing  in  the  direction  of  the  pull,  and  the 
convexity  away  from  it.    The  operculum  is  also  shown. 

reous  is  especially  marked  posterior  to  the  ora  serrata  for  about  five  milli- 
meters. 

2.  The  hyalo-retinal  ligament.  After  the  retina  is  removed  a  whitish 
line  is  seen  in  the  hyaloid  at  the  site  of  the  ora  serrata — the  hyalo-retinal 
ligament. 

3.  The  hanging  vitreous.  AVhen  the  lens-vitreous  is  suspended  either  by 
a  suction  bulb  applied  to  the  anterior  capsule  or  by  sutures  taken  in  the 
zonular  bundles,  it  is  a  striking  fact  that  the  vitreous  still  hangs  from 

2 To  appear  in  the  Archives  of  Ophthalmology. 
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the  lens  by  means  of  the  zonular  membrane's  insertion  into  the  hyalo- 
retinal  line  whic'h  thus  represents  the  point  of  end  action  of  the  ciliary 
muscle. 

4.  The  zonular  chamber.  The  microscopic  appearance^  of  the  zonular 
membrane  is  re-evaluated  in  the  light  of  its  relatively  massive  insertion 
into  the  gross  "hanging"  vitreous.  Heretofon^  it  was  the  accepted  view 
that  there  was  a  zonular  cleft  in  the  hyaloid  where  the  ba,se  of  the  vitreous 
came  in  contact  with  the  epithelium  of  the  pars  plana  of  the  ciliary  body. 
It  is  my  observation  made  from  the  study  of  slides  that  between  the  ora 
serrata  and  the  ob\ious  posterior  zonular  hbres  there  is  a  plaque  with 
striations  parallel  to  the  choroid.  This  plaque  is  separate  from  the  coagu- 
lated vitreous  strands  and  forms  the  hyalo-retinal  ligament.  This  liga- 
ment is  made  up  almost  entirely  of  fibrillae  from  the  posterior  zonular 
leaf  which  is  either  stmng  over,  or  incorporated  in,  the  face  of  the  hyaloid 
to  form  with  it  the  posterior  boundary  of  the  space  existing  between  the 
two  leaves  of  the  zonular  membrane.  A  communicating  band  from  the 
anterior  leaf  helps  in  its  formation.  This  space  may  be  called  the  Zonular 
Chamber. 

The  proof  of  the  existence  of  this  zonular  chamber  lies  in  the  fact  that 
it  can  be  injected  with  carmine  in  suspension.  When  the  injection  is 
made  at  any  point  just  beyond  the  posterior  tips  of  the  ciliary  processes, 
the  carmine  fills  this  chamber  and  outlines  it  as  a  circular  channel,  or 
sinus,  which  is  sharply  limited  peripherally,  or  posteriorly,  as  a  wavy 
line  midwa}'  between  the  ora  serrata  and  the  ciliary  processes.  From  its 
central,  or  anterior  border  this  channel  communicates  with  the  circum- 
lental  space  by  linear  canals  running  in  the  vallej-s  of  the  ciliary  body. 
Almost  with  the  beginning  of  the  injection,  the  anterior  chamber  starts 
to  fill  up,  in(Ucating  that  there  is  a  free  communication  either  by  way  of 
the  lesser  posterior  chamber  or  Hanover's  canal,  or  both. 

Further  proof  of  this  concejit  of  the  Zonular  Chamber  is  to  be  .seen 
in  slides  of  pathologic  conditions  in  which  serum,  blood,  exudate,  or  casts 
are  found  confined  in  this  space  between  the  zonular  leaves,  partially 
filling  it  and  assuming  its  shape.  In  hydrophthalmos  the  zonular  chamber 
is  cUlated,  and  in  atrophic  globes  it  is  the  last  recognizable  landmark  to 
disappear. 

THEORY  OF  SPONTANEOUS  RETINAL  DETACH.MKXT 

On  the  basis  of  the  above  anatomic  considerations  an  explanation  is 
offered  of  detachments  of  the  retina  which  are  not  caused  by  obvious 
pathological  changes  or  by  direct  trauma. 

'  An  interesting  contribution  for  teaching  purposes  was  the  development  of  motion 
pictures  of  histology  and  pathology  of  the  Zonular  Chamber  demonstrating  a  con- 
tinuous, moving  microscopic  field  instead  of  the  usual  progressive  stills. 
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A  weak  spot  in  the  retina  caused  by  sclerosis  or  by  stretching  in  myopia 
may  become  the  site  of  a  tear.  The  hyaloid  immediately  over  it  must 
also  be  assumed  to  be  defective.  Anterior  to  the  weak  spot,  the  hyaloid 
retains  its  normal  adhesions  to  the  retina.  The  hyalo-retinal  ligament 
under  almost  all  pathological  conditions,  continues  to  maintain  its  con- 
tact with  the  ciliary  epithelium,  the  ora  serrata,  and  the  hyaloid  peripheral 
to  the  ora. 

In  accommodation,  the  margin  of  the  choroid  mo\'es  forward  with  the 
contraction  of  the  cihary  muscle,  and  the  hyalo-retinal  ligament  which 
is  in  clo.se  contact  with  it,  also  advances.  Because  of  the  relation  of  the 
hyalo-retinal  ligament  to  the  ora  serrata,  to  the  hyaloid  over  the  contiguous 
retina,  and  to  the  \dtreous,  traction  on.  this  ligament  causes  a  compara- 
tively increased  pressure  in  the  neighboring  vitreous.  This  force  is  trans- 
mitted and  disseminated  according  to  the  laws  of  hydrostatic  pressure, 
and  affects  the  posterior  wall  of  the  zonular  chamber  which  then  becomes 
compre.ssed.^ 

Mechanism  of  detachment.  When  a  spasm  of  the  ciliary  muscle  occurs, 
the  above  mentioned  results  are  brought  about.  At  the  same  time,  the 
increased  vitreous  pressure  on  the  weak  spot  in  the  retina  resulting  from 
the  overactive  accommodation  may  he  augmented  by  a  spasm  of  the 
extraocular  muscles  such  as  accompanies  the  sudden  increase  in  tone  of 
the  general  body  musculature  occurring  in  violent  physical  acti\'ity  such 
as  sneezing,  stumbling,  lifting  of  heavy  weights,  straining  at  stools,  etc. 

The  weak  spot  in  the  retina  when  pulled  to  the  front  under  conditions 
like  the  above,  may  gi^•e  way  and  a  tear  be  produced.  The  concaWty 
faces  forward,  as  .seen  clinically;  and,  as  I  indicated  also  when  produced 
experimentally.  The  retina  attached  to  the  hyaloid  which  is  coimected 
vnth  the  hyalo-retinal  ligament,  forms  the  operculum  and  is  drawn  to- 
wards the  center  of  the  vitreous.  The  altered  vitreous  which  is  forced 
through  the  tear  into  the  subretinal  space  floats  up  the  retina  and  so 
produces  the  detachment.  The  push  or  pressure  of  the  vitreous  against 
the  posterior  lip  of  the  tear  causes  the  convexity  which  is  directed  towards 
the  posterior  pole  of  the  eye,  as  seen  ophthalmoscopically. 

In  the  opinion  of  Dr.  Bernard  Samuels^  even  in  dialysis  or  disinsertion 
of  the  retina,  the  tear  occurs  not  at  the  ora  serrata  but  at  some  distance 

*Also,  the  aqueous  present  in  the  zonular  chamber  is  forced  into  the  posterior 
chamber,  ultimately  to  reach  the  anterior  chamber  when  the  sphincter  of  the  pupil 
relaxes.  It  is  presumed  that  the  posterior  leaf  always  remains  tense,  as  Tscherning 
postulated  for  the  hyaloid.  The  anterior  leaf,  on  the  contrary,  appears  to  become 
first  relaxed,  according  to  the  Helmholtz  theory,  and  then  made  taut  bj'  the  trans- 
mission of  pressure  in  the  zonular  chamber.  Therefore,  it  is  felt  that  while  Helmoltz 
did  not  go  far  enough  in  his  theory,  Tscherning  went  too  far.  The  combination  of 
both  theories  would  seem  necessary  to  explain  the  act  of  accommodation. 
*  Personal  communication. 
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from  it.  This  observation  is  in  keeping  with  the  known  intimate  attach- 
ment of  the  retina  to  the  hyaloid. 

If  this  theory  of  retinal  detachment  is  correct,  practical  steps  in  the 
operation  for  its  replacement  would  be  to  immobilize  the  ciliary  muscle 
by  surface  diathermia  applied  to  the  sclera,  or  perhaps  to  weaken  the 
muscle  in  the  meridian  of  the  tear  by  cyclodialysis. 


DUODENAL  ULCER  FOLLOWING  ACUTE  INJURY  OF  THE 

SPINAL  CORD 


SYLVAN  E.  MOOLTEX,  M.D. 

[From  the  Laboratory  of  the  St.  Peter's  General  Hospital,  New 
Brunswick,  New  Jersey] 

The  concept  of  peptic  ulcer  as  a  trophoneurosis  gained  many  new  ad- 
herents following  Cushing's  publication  (1932)  dealing  with  the  relation 
of  peptic  ulcers  and  the  interbrain  (1).  He  then  proposed  the  view  that 
irritative  disturbances  anywhere  in  the  intracranial  course  of  fiber  tracts  - 
from  the  anterior  hypothalamus  to  the  vagal  nuclei  in  the  medulla  could 
be  responsible  for  the  production  of  ulcer.  In  evidence  he  cited  an  ex- 
tensive literature  concerned  with  this  problem  for  a  period  of  nearly  a 
century  and,  in  confirmation,  reported  a  series  of  patients  dying  after 
operation  for  brain  tumor  in  whom  lesions  of  the  alimentary  canal  were 
observed  at  autopsy.  In  7  of  these  cases  the  lesions  consisted  in  acute 
hemorrhagic  erosions  of  the  gastric  mucosa,  acute  perforations  of  the 
esophagus,  stomach,  or  duodenum,  or  extensive  softening  of  the  lower 
esophagus  and  stomach  with  disruption  of  the  entire  wall.  In  only  one 
case,  that  of  a  nine-year-old  girl  with  recurrent  cerebellar  tumor  invading 
the  fourth  ventricle,  was  a  pathologically  verified  chronic  ulcer  (of  the 
duodenum)  observed. 

It  has  been  pointed  out,  however,  that  most  of  the  evidences  of  the 
neurogenic  mechanism  of  ulcer  have  been  based  on  acute  lesions  which  are 
fundamentally  different  from  chronic  peptic  ulcer  (2).  As  in  Rokitansky's 
original  description  (3)  in  1841,  these  acute  lesions,  both  in  man  and  in 
experimental  animals,  vary  in  size  and  extent  from  small  superficial  hemor- 
rhagic erosions  to  wide  areas  of  gelatinous  and  hemorrhagic  necrosis  with 
massive  rupture.  In  contrast  to  ordinary  peptic  ulcer,  these  lesions  are 
often  multiple,  involve  the  esophagus  as  well  as  the  stomach  and  duodenum, 
and  may  even  involve  the  mouth  (4).  They  do  not  follow  the  u.sual  ulcer 
distribution  along  the  lesser  curvature  but  appear  in  widely  separated 
areas  of  any  portion  of  the  wall.  Thej'  have  much  in  common  with  Dieu- 
lafoy's  erosions  of  the  stomach  as  seen  in  the  severe  toxemia  of  pneumonia 
(5)  or  after  operation  (6),  and  with  Curling's  ulcerations  of  the  duodenum 
in  consequence  of  severe  cutaneous  burns  (7).  Such  lesions  may  well  have 
a  common  basis  of  pathogenesis  in  prolonged  vasoconstriction  affecting 
the  nutrition  of  the  mucosa.  This  was  suggested  by  Penner  and  Bern- 
helm  (8)  in  their  discussion  of  ischemic  necroses  of  various  tissues  occurring 
in  the  shock  syndrome.    In  Cushing's  own  cases  the  erosive  and  perfora- 
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tive  lesions  were,  with  one  exception,  regarded  as  acute  sequelae  to  the 
operative  procedure  upon  the  brain  and  not  the  result  of  the  original  tumor. 
If  experimental  lesions  of  the  hypothalamus  are  produced  in  a  manner 
whereby  operative  shock  and  hemorrhage  are  avoided,  significant  changes 
in  gastrointestinal  activity  or  secretion  do  not  occur  and  mucosal  changes 
are  not  observed  at  autopsy  (Martin  and  Schnedorf  (9)). 

These  are  unquestionably  valid  objections  to  the  uncritical  acceptance 
of  the  acute  neurogenic  erosion  as  the  prototype  of  chronic  peptic  ulcer. 
Nevertheless,  the  p.sychosomatic  basis  of  ulcer  has  become  too  firmly 
established  in  clinical  medicine  (10)  to  be  overthrown,  and  the  burden  of 
proof  is  now  rather  on  those  who  would  attempt  to  disprove  it.  The  chief 
difficulties  at  present  lie  in  the  elucidation  of  its  mechanism.  In  contrast 
to  the  provocative  factors  of  acute  neurogenic  erosions  and  necroses,  the 
factors  in  ordinary  peptic  ulcer  are  probably  chronic  or  recurrent  in  their 
"  action;  it  is  reasonable  to  assume  also  that  they  are  comparatively  mild, 
depending  upon  duration  rather  than  intensity  for  their  ulcerogenic  effect. 
If  these  assumptions  are  accepted,  the  apparent  distinctions  between  acute 
erosions  and  chronic  peptic  ulcer  become  much  less  clear-cut  or  disappear 
altogether.  The  question  of  the  distinctive  location  of  chronic  ulcer  in  the 
magcnstrasse  likewise  can  be  resolved  in  terms  of  prolonged  opportunity 
for  local  factors  in  the  stomach  to  exert  their  modifying  effect,  e.g.  gastro- 
spasm,  pylorospasm,  and  the  action  of  roughage  in  the  diet. 

A  number  of  these  questions  have  been  answered  successfully  in  ex- 
periments with  animals,  and  an  excellent  summary  of  these  experiments 
is  available  in  Cushing's  paper.  Despite  the  abundance  of  this  type  of 
proof  of  the  neurogenic  theory  of  true  peptic  ulcer,  unequivocal  proofs 
in  human  cases  are  difficult  to  find.  The  following  case  is  therefore 
offered  as  a  fairly  clear-cut  instance  of  neurogenic  peptic  ulcer  in  which 
nature  provided  the  experiment  in  man  through  the  agency  of  a  major 
accidental  injury  of  the  spinal  cord. 

CASE  REPORT 

History.    W'm.  P.,  a  white  youth  of  16  years,  was  admitted  to  St.  Peter's  Hospital 
September  1,  1934  as  an  emergency  case.    While  swimming  a  short  time  previously 
he  had  dived  into  shallow  water  and  struck  something  with  his  head.    He  became 
helpless  at  once  and  was  brought  to  the  hospital  in  a  state  of  shock.    His  past  history 
,was  negative. 

Examination.  He  had  flaccid  paralysis  of  both  lower  e.xtremities  and  loss  of  all 
sensation  below  the  level  of  the  third  rib  on  each  side.  Both  upper  extremities  were 
partly  paralj'sed  as  well,  the  chief  loss  of  function  being  in  pronation  and  supination 
of  the  forearms  and  in  gripping  with  the  hands.  Sensation  was  lost  in  the  anterior 
surface  of  each  arm.  No  abnormalities  were  noted  in  the  heart,  lungs  or  abdomen. 
It  was  evident  that  the  patient  had  sustained  a  serious  injury  to  the  spinal  cord  as  a 
result  of  fracture  of  one  or  more  cervical  vertebrae. 

Roentgenogram  of  the  spine  disclosed  evidence  of  a  compression  fracture  of  the 
bodies  of  the  fifth  and  sixth  cervical  vertebrae  which  were  angulated  posteriorly  into 
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the  spinal  canal.  Treatment  consisted  in  traction  to  the  head  and  upper  cervical 
spine  by  means  of  a  collar. 

Course.  The  patient  recovered  promptly  from  the  initial  shock  and  in  four  days 
had  recovered  some  use  in  his  arms  and  forearms.  The  paralysis  of  his  lower  extremi- 
ties remained  unchanged,  however,  and  there  was  no  return  of  sensation  below  the 
original  level  of  anesthesia  (T-III).  From  the  extreme  nature  of  his  paralysis  and 
loss  of  sensation,  it  was  judged  that  irreversible  injury  of  the  spinal  cord  had  taken 
place  and  that  more  radical  surgery  was  unwarranted.  Xo  improvement  was  noted 
after  attempted  dehydration  therapy  by  means  of  concentrated  glucose  solution  (50 
per  cent)  given  intravenously. 

The  patient  lived  17  days  after  admission  to  the  hospital.  He  was  unable  to  void 
urine  voluntarily  and  required  daily  catheterization.  Despite  methenamine  (gr.  22| 
daily)  and  regular  bladder  irrigation  he  had  continuous  pyuria.  His  temperature 
ranged  between  100°  and  103°F.,  but  his  pulse  remained  surprisingly  slow  (50  to  74). 

On  the  fourth  day  after  injury  the  patient  complained  of  abdominal  pain.  The 
abdomen  was  somewhat  distended  and  he  was,  therefore,  given  an  enema.  The  re- 
turn appeared  normal.  On  several  occasions  subsequently  he  vomited  greenish 
watery  material  and  continued  to  complain  of  pain  in  the  abdomen  but  did  not 
localize  it  to  any  particular  region.  His  bowel  evacuations  were  involuntary  when 
he  did  not  receive  an  enema,  and  were  attended  with  much  flatus.  On  the  twelfth 
day  after  injury  he  complained  of  severe  sore  throat.  This  was  found  to  be  caused 
by  the  traction  collar  and  a  halter  was  substituted.  He  began  to  hiccough  and  grew 
irrational  at  times.  On  the  sixteenth  day  he  seemed  slightly  improved  but  still 
complained  of  "gas  pains";  a  rectal  tube  was  inserted  and  flatus  with  a  small  amount 
of  dark  brown  fluid  was  expelled.  On  the  following  day  he  refused  food,  talked 
irrationally,  and  seemed  unusually  drowsy.  He  evacuated  a  large  amount  of  black 
semi-solid  stool  after  an  enema  and  later  had  an  involuntary  black  watery  stool.  He 
was  found  to  be  in  shock;  his  pulse  had  risen  to  120,  his  respirations  were  labored,  and 
his  lips  and  extremities  were  cyanosed  and  cold.    Shortly  afterward  he  died. 

Necropsy  Findings.  The  subject  was  well  developed  and  fairly  well  nourished, 
^larked  pallor  was  present  in  the  skin  and  mucous  surfaces  externally. 

Vertebral  Column.  The  centrums  of  the  fifth  and  sixth  cervical  vertebrae  pre- 
sented incomplete  obliquely  vertical  fractures  which  permitted  a  certain  degree  of 
mobility,  so  that  when  the  vertebral  column  was  extended  backward  the  posterior 
surface  of  the  centrums  together  with  the  intervertebral  disc  between  them  were 
projected  backward  as  a  distinct  knuckle,  compressing  the  spinal  cord.  The  spinal 
cord  at  this  point  was  found  reduced  to  two  thirds  its  normal  thickness,  and  was 
softened  and  diffusely  brownish  in  color. 

Gastrointestinal  Tract.  The  esophagus  appeared  normal.  The  stomach  was 
partly  filled  with  dark  brown  fluid  resembling  blood  undergoing  acid  digestion.  The 
mucosa  was  blood-stained  and  congested,  and  covered  with  some  mucus.  In  the 
first  portion  of  the  duodenum  an  ulcer  was  discovered  measuring  about  15  mm.  in 
diameter.  It  had  clean-cut  slightly  elevated  edges  and  a  flat  shaggy  base.  It  was  , 
situated  on  the  postero-mesial  wall,  overlying  the  head  of  the  pancreas.  In  the 
approximate  center  of  the  ulcer  an  open  arterial  stump  was  found,  projecting  upward 
from  the  base  nearly  perpendicularly;  its  lumen  was  partly  filled  with  recent  blood 
clot.  The  deeper  portions  of  this  vessel  lay  more  nearly  parallel  with  the  base  of  the 
ulcer  and  could  be  traced  into  the  substance  of  the  subjacent  pancreas  as  one  of  the 
smaller  branches  of  the  pancreatic«o-duodenal  artery.  Its  calibre  was  such  as  to 
easily  admit  a  fine  probe.  The  remainder  of  the  small  and  large  intestine  was  con- 
siderably distended  with  gas  and  blood,  partly  fluid,  partly  clotted,  mostly  reddish 
black  in  color.  The  appendix  contained  a  rough  black  pea-size  fecalith  but  was 
uninflamed. 
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Thorax.  The  heart  was  pale  in  color  and  very  flabby;  both  ventricles  were  some- 
what dilated  but  not  hypertrophicd.  The  jiericardium,  endocardium,  coronary 
vessels  and  aorta  appeared  normal.  The  lungs  were  somewhat  atelectatic  and  deeply 
congested  in  their  postero-inferior  portions  but  elsewhere  appeared  normal.  The 
bronchi  contained  a  moderate  amount  of  frothy  mucus. 

Liver.  Except  for  pallor,  no  abnormality  was  noted  in  the  liver  or  biliary  tract. 
Adrenals.  The  adrenals  were  negative.  Pancreas.  The  pancreas  was  negative. 
Kidneys.  The  kidneys  were  pale  and  somewhat  soft.  Cut  section  was  of  normal 
appearance.  The  mucosa  of  the  pelves  and  ureters  appeared  moderately  injected 
and  was  covered  with  thin  yellowish  purulent  exudate.  The  ureters  were  flabby  and 
slightly  dilatetl.  The  bladder  was  also  flabby,  and  its  mucosa  was  diffusely  inflamed, 
congested,  and  covered  with  thin  flakes  of  mucoid  pus. 

.M icroscopic  Findings.  Duodenum.  Sections  through  the  ulcer  showed  a  sharply 
abrupt  demarcation  from  the  surrounding  normal  mucosa;  the  inner  sides  of  the 
crater  were  almost  vertical,  and  exhibited  a  superficial  zone  of  recent  necrosis,  densely 
infiltrated  with  leucocytes  and  fibrin.  There  was  some  overhanging  of  the  edges  of 
the  ulcer  above  the  base.    The  ulcer  involved  half  the  thickness  of  the  muscular  wall 


Fig.  1.  Section  through  duodenal  ulcer:  low  power  photomicrograph  showing 
eroded  artery  in  base  of  ulcer  from  which  fatal  hemorrhage  occurred. 

Qf  the  duodenum,  and  its  bed  was  composed  of  edematous  granulation  tissue  contain- 
ing numerous  young  fibroblasts  and  mononuclear  cells,  with  a  superficial  infiltration 
of  many  polymorphonuclear  leucocytes.  .\  fairly  large  artery  was  present  extending 
through  the  entire  thickness  of  the  ulcer  base  which  it  entered  at  a  marked  slant;  it 
appeared  normal  as  far  as  the  ulcer  surface  at  which  point  its  wall  had  become  necro- 
tic and  completely  eroded  over  a  wide  area.  Its  lumen  contained  a  small  amount  of 
partly  disintegrated  blood  clot.  The  nerve  fibers  accompanying  the  artery  in  its 
deeper  course  appeared  normal.  Coeliac  ganglion.  No  abnormalities  were  noted 
in  the  cell  bodies  or  nerve  trunks.  Regional  lymph  nodes.  These  exhibited  slight 
edema  and  inflammatory  hyperplasia.  Lungs  (sections  from  lower  lobes):  The 
capillaries  of  the  alveolar  sejjta  were  greatly  distendecl  with  blood  cells;  the  alveoli 
were  free  of  exudate  except  for  slight  patchy  edema;  some  atelectasis  was  also  noted. 
.Myocardium.  The  myocartlium  was  negative.  The  coronary  arteries  were  negative. 
Kidney.  The  stromal  capillaries  and  the  glomeruli  appeared  contracted  and  nearly 
bloodless.  Spleen.  There  was  irregular  congestion  of  the  pulp  cords  with  areas  of 
hemorrhage;  the  sinusoids,  however,  appeared  contracted  and  nearly  bloodless. 
Liver.  The  polj'gonal  cells  appeared  normal  except  for  nearly  complete  absence  of 
vacuoles.    The  sinusoids  contained  little  blood. 

Diagnosis.  Status  after  fracture  dislocation  of  fifth  and  sixth  cervical  vertebrae 
with  severe  compression  of  spinal  cord;  marked  localized  softening  and  atrophy  of 
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spinal  cord.  Subacute  peptic  ulcer  of  duodenum  with  erosion  of  branch  of  pancre- 
atico-duodenal  artery  resulting  in  massive  hemorrhage.  Subacute  diffuse  cystitis 
with  bilateral  acute  pyelo-ureteritis.  Adynamic  ileus.  Bilateral  slight  atonic 
dilatation  of  ureters  and  bladder.  Atelectasis  and  congestion  of  right  lower  lobe  and 
left  lower  lobe  of  lungs.    Anemia  of  organs.    Fecalith  of  appendix. 

COMMENT 

The  sequence  of  clinical  events  and  the  autopsy  findings  leave  little 
room  for  doubt  that  in  this  case  the  duodenal  ulcer  was  cau.sally  related 
to  the  crushing  injiuy  of  the  cord.  The  youth  of  the  patient  (16  years) 
and  his  freedom  from  previous  illness  emphasize  the  role  of  the  injury 
alone  in  contrast  to  the  many  predisposing  factors  to  ulcer  seen  in  older 
persons. 

The  severity  of  the  spinal  injury  may  be  judged  from  the  permanence  of 
flaccidity  in  the  paralysed  limbs,  also  from  the  degree  and  extent  of  anes- 
thesia. At  autopsy  the  spinal  cord  at  the  level  of  injury  was  found  to 
have  been  reduced  to  two-thirds  its  normal  thickness  and  was  softened 
and  discolored.  Bony  compression  had  been  relieved  by  traction  applied 
soon  after  the  patient  was  admitted  to  the  hospital,  but  could  be  reproduced 
at  autopsy  in  the  form  of  a  sharp  buckling  when  the  vertebrae  were  ex- 
tended backward.  Clinically,  anesthesia  was  complete  below  T-III, 
and  some  impairment  of  sensation  was  noted  in  the  arms  indicating  that 
only  partial  interruption  of  fiber  tracts  had  occurred  at  the  actual  level  of 
compression  (C-VH). 

Despite  complete  anesthesia  below  the  level  of  the  third  rib  on  each  side 
the  patient  complained  of  abdominal  pain,  presumably  the  pain  of  his 
duodenal  ulcer,  from  the  fourth  day  after  his  accident  until  his  death 
from  hemorrhage  thirteen  days  later.  The  presence  of  ulcer-pain  in  this 
patient  does  not,  however,  controvert  the  impression  gained  from  the 
autopsy  that  the  afferent  tracts  in  the  spinal  cord  had  undergone  virtually 
complete  interruption.  It  indicates,  rather,  that  painful  sensations  were 
carried,  in  this  case  at  least,  by  afferent  fibers  in  the  vagus  nerves.  For 
many  years  the  question  has  been  debated  whether  or  not  afferent  im- 
pulses are  carried  by  the  abdominal  fibers  of  the  vagus  (11).  Recent 
studies  by  McSwiney  and^is  collaborators  (12,  13)  appear  to  have  estab- 
lished beyond  dispute  that  visceral  afferent  fibers  exist  in  the  abdominal 
branches  of  the  vagus,  one  group  coursing  with  the  main  trunk  of  the  vagus 
directly  to  the  medulla,  and  another  group  joining  the  dorsal  roots  of  the 
upper  thoracic  spinal  nerves  to  enter  the  cord.  Failure  of  the  patient  to 
localize  his  pain  to  a  definite  region  of  the  abdomen  follows  logically  from 
the  fact  that,  since  cutaneous  sensation  in  the  abdomen  had  been  abolished, 
reference  of  visceral  pain  to  somatic  segments  could  not  take  place  (1-4). 

From  its  nature  and  location  it  cannot  be  doubted  either  that  the  spinal 
injury  had  caused  interruption  of  all  or  most  of  the  efferent  sympathetic 
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outflow  from  higher  centers  in  the  brain  to  the  thoraco-lumbar  segments 
of  the  cord.  As  an  important  corollary  it  may  be  stated  that,  inasmuch 
as  the  vagi  are  unaffected  by  such  an  injury,  removal  of  the  normal  sympa- 
thetic "counterbalance"  leads  to  a  profound  vago-sympathetic  asynergia 
with  marked  vagal  dominance.  Although  studies  of  the  patient's  auto- 
nomic functions  were  not  made  from  this  standpoint,  it  should  be  pointed 
out  that  he  exhibited  persistent  bradycardia  (50  to  74)  throughout  his 
clinical  course,  even  in  the  presence  of  fever. 

The  concept  of  "vagotonia"  has  occupied  the  theorists  in  the  ulcer 
problem  for  years  (15).  Cushing's  review  of  the  literature  on  experimental 
neurogenic  ulcerations  led  him  to  conclude  that  "the  peripheral  lesions 
which  have  led  with  the  greatest  constancy  in  the  laboratory  to  ulcerative 
lesions  have  either  been  paralytic  on  the  part  of  the  sj^mpathetic  nerves  or 
stimulatory  on  the  part  of  the  vagus".  Consistently  successful  results 
have  followed  sympathetic  paralysis  by  severance  of  the  splanchnic  nerves 
or  extirpation  of  the  coeliac  plexus  (16).  Conversely,  Keppich  (21)  in 
1921  produced  gastric  ulcers  showing  a  tendency  to  chronicity  in  10  of  11 
rabbits  by  long  continued  electrical  stimulation  of  gastric  fibers  of  the  vagi. 
Similar  results  were  obtained  in  dogs  by  Stahnke  (3)  in  1924.  Keller 
(4,  17)  produced  gastric  or  duodenal  craters  in  14  of  29  dogs  surviving 
combined  sympathectomy  and  hypothalamic  injurj^;  in  these  experiments 
the  abdominal  sympathetic  chains,  with  or  without  portions  of  the  thoracic 
sympathetic  chain  or  the  splanchnic  nerves  were  resected  bilaterally,  and 
after  several  daj^s  lesions  were  made  in  various  levels  of  the  hypothalamus. 
S}' mpathectomy  in  itself  did  not  precipitate  changes  in  the  gastric  mucosa. 
On  the  other  hand  bilateral  vagotomy,  whether  or  not  combined  with 
hypothalamic  injury,  failed  to  produce  such  craters,  but  was  followed 
instead  by  a  hemorrhagic  change  in  the  gastric  mucosa  with  A^arying  degrees 
of  edema  and  necrosis;  this  condition  involved  practically  the  whole 
mucosa.  Free  acid  was  present  in  animals  in  whom  craters  formed  and 
was  absent  in  the  hemorrhagic  state. 

AVhile  these  experimental  results  emphasize  the  importance  of  vago- 
sympathetic "imbalance"  in  the  causation  of  vxlcer,  it  should  not  be 
inferred  that  the  vagus  and  the  sympathetic  have  directly  opposing  func- 
tions. As  recently  stated  by  Alvarez  (18),  "the  idea  of  a  constant  con- 
flict between  these  two  main  divisions  of  the  autonomic  system  does  not 
seem  to  be  supported  by  experimental  observations.  Certainly  in  the 
case  of  the  digestive  tract  one  can  find  little  sign  of  antagonism  between 
the  vagus  and  the  sympathetic  nerves.  They  both  appear  to  function 
mainly  as  restrainers  of  excessive  activity."  Indeed,  each  may  comple- 
ment the  other  in  certain  functions,  with  predominance  of  vagal  activity 
in  the  stomach  and  of  sympathetic  activity  in  the  colon.  There  is  reason 
also  to  believe  that  most  of  the  so-called  inhibitory  effect  of  sympathetic 
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activity  depends  merely  on  reduction  in  blood  flow  to  organs  following 
vasoconstriction  (14).  Nevertheless,  the  two  systems  are  undoubtedh' 
integrated  and  changes  in  the  functions  of  one  can  hardl}'  fail  to  be  re- 
flected in  the  activity  of  the  other. 

From  the  evidences  given  previously  it  is  apparent  that  neurogenic 
lesions  of  the  upper  alimentary  tract  fall  into  two  contrasting  categories, 
which,  for  purposes  of  simplification,  may  be  termed:  1)  vagoparalytic 
and  2)  vagostimulatory.  In  the  vagoparalytic  type,  in  which  the  action 
of  the  sympathetic  mechanism  on  blood  vessels  is  unopposed,  one  may 
expect  effects  similar  to  those  observed  after  prolonged  vasoconstriction 
as  in  various  shock  syndromes  or  after  prolonged  administration  of  epi- 
nephrine. As  shown  by  Penner  and  Bernheim  (8),  the  anoxemia  of  the 
tissues  induced  by  such  vasoconstriction  leads  to  edema  and  hemorrhages 
and  the  appearance  of  tissue  necrosis.  In  this  category  would  naturallj' 
fall  the  acute  types  of  gastromalacia  described  by  Rokitansk}'  (3),  Gush- 
ing (1),  Masten  and  Bunts  (19),  and  others.  In  the  vagostimulatory 
type,  in  which  vagus  activity  becomes  excessive,  either  through  prolonged 
overstimulation  or  through  removal  of  the  sympathetic  counterbalance, 
gastric  or  pyloric  hypertonicity  and  hypersecretion  may  be  expected, 
culminating  in  the  development  of  true  peptic  ulcer.  This  type  would 
include  the  ulcers  produced  experimentally  by  pi'olonged  administration 
of  acetylcholine  (20),  prolonged  electrical  stimulation  of  the  vagi  (21), 
severance  of  the  splanchnic  nerves  or  extirpation  of  the  coeliac  plexus 
(16,  17),  and  the  intraventricular  injection  of  pilocarpine  (22).  Clinically 
its  counterpart  is  seen  in  the  observation  of  continuous  oversecretion  of 
acid  in  patients  with  peptic  ulcer  (Winkelstein  (23)),  and  in  their  reputed 
hypersensitiveness  to  the  action  of  pilocarpine  (15). 

Transecting  injury  of  the  cervical  cord,  therefore,  involving  interruption 
of  efferent  sympathetic  pathways,  may  be  said  to  fulfill  the  theoretical 
requirement  for  the  development  of  neurogenic  ulcer  on  a  vagostimulatory 
basis.  Nevertheless,  it  is  difficult  to  find  a  counterpart  for  this  case  in 
the  literature  on  peptic  ulcer  in  man.  Trophic  ulcers  of  the  skin  and 
rapidl.v  developing  atrophic  changes  in  bones  and  joints  are  well  known 
sequelae  to  acute  lesions  of  spinal  origin  (24).  In  only  one  case  reported 
in  the  literature  (Polstorff  (25))  has  gastric  ulceration  been  described  in 
such  conditions.  In  this  patient  diffuse  degenerative  disease  of  the  cord 
in  the  form  of  miliary  hemorrhages  and  necroses  had  developed  after 
violent  concussion  of  the  spine  from  a  fall  in  the  course  of  an  epileptic  fit. 
The  bod}'  of  the  first  lumbar  vertebra  exhibited  an  incidental  transverse 
fracture  without  deformity.  Small  hemorrhages  and  focal  softening  were 
also  discovered  in  the  basal  ganglia.  In  this  case  death  occurred  13  days 
after  the  accident  and  11  days  after  the  onset  of  gastric  symptoms  (vomit- 
ing with  terminal  hematemeses) .  Four  small  mucosal  defects  were  found 
at  autopsy  along  the  greater  curvature  of  the  stomach,  the  largest  being 
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lentil-size.  According  to  the  author  these  confornicil  to  the  type  of  acute 
neurogenic  erosion  rather  than  of  chronic  peptic  ulcer. 

On  the  other  hand  well  developed  chronic  peptic  ulcers  of  the  stomach 
and  duodenvuu  have  long  been  known  to  occur  in  certain  cases  of  tabes 
dorsalis.  Krueg  (26)  reported  two  such  cases  in  1880.  Crohn  (27)  was 
the  first  to  write  on  this  subject  in  the  American  literature.  The  diffi- 
culties in  differentiating  ])eptic  idcer  from  gastric  crises  in  tabes  have  been 
frequently  commented  upon  (28),  and  the  suggestion  has  been  made  that 
the  basis  for  the  pain  and  occasional  hematemesis  of  gastric  crises  may 
well  be  a  mucosal  lesion  akin  to  the  erosions  caused  b}'  other  types  of 
lesions  of  the  nervous  system.  In  a  number  of  cases  perforation  was  un- 
recognized until  too  late  because  of  the  similarity  of  symptoms  of  peri- 
tonitis and  of  tabetic  crisis. 

The  mechanism  of  ulcer  formation  in  tabes  dorsalis  is  perhaps  best 
explained  in  terms  of  vago-sj-mpathetic  dissociation  of  the  same  general 
nature  as  that  occurring  in  the  writer's  case  as  well  as  in  the  animal  experi- 
ments described.  Other  evidences  in  tabes  of  such  dissociation  include 
the  frequent  finding  of  postural  hypotension,  described  first  by  Strisower 
(29)  in  1931  and  confirmed  in  many  cases  subsequently.  This,  too,  is 
ascribed  to  interniption  of  efTerent  .sympathetic  i^athways  from  the  brain 
to  the  spinal  centers  (Ellis  and  Haynes  (30)).  Depressor  efJects  are  more 
easily  obtained  than  in  normal  persons,  e.g.  by  carotid  sinus  stimulation, 
and  can  be  explained  by  loss  of  sympathetic  counterbalance  such  as  also 
explains  the  presumed  vagal  predominance  in  tho.se  cases  of  tabes  having 
peptic  ulcer. 

The  enormous  body  of  data  concerned  with  psychic  factors  in  ulcero- 
genesis,  rather  than  conflicting  with  the  principle  of  vago-s.ym pathetic 
asynergia,  can  be  considered  to  complement  it,  inasmuch  as  cerebral  corti- 
cal representation  has  been  shown  to  exist  both  for  the  .stimulatory  mecha- 
nism (31)  and  for  the  inhibitory  mechani.sm  (32).  The  probable  pathways 
are  from  the  cortex  to  the  hypothalamus,  the  red  nucleus,  the  substantia 
nigra,  the  centers  in  the  medulla,  and  the  efferent  outflows  in  the  vagi 
and  sympathetic  nerves.  Irritation  or  paraly.'^is  in  any  part  of  these 
pathways  may,  therefore,  affect  the  condition  of  the  upper  alimentary 
canal,  and  thereby  provoke  "trophoneurotic"  changes  of  functional  and 
organic  type. 

Although  the  case  for  vago-sym pathetic  a.-<ynergia  in  the  causation  of 
ulcer  is  fairly  well  established  by  such  evidences  as  those  already  men- 
tioned, the  ultimate  mechani.sm  of  ulcer  formation  still  awaits  elucidation. 
The  concept  of  trophic  disturbance  is  too  indefinite  for  critical  appraisal, 
and,  although  perhaps  empirically  true,  may  eventually  be  resolved  into 
one  or  more  of  several  known  mechanisms.  Needless  to  say,  neurogenic 
factors  cannot  be  expected  to  tell  the  entire  story  of  peptic  ulcer,  and, 
except  for  occasional  cases  like  the  present  one,  must  be  con.sidercd  to  have 
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only  subsidiary  importance,  depending  upon  the  relative  importance  of 
such  other  factors  as  hormonal  balance,  nutrition,  dietary  habits,  infec- 
tion, and  hereditj'. 

SUMMARY 

A  case  is  presented  of  typical  duodenal  ulcer  with  fatal  hemorrhage  in  a 
boj^  of  16  with  an  acute  lesion  of  the  spinal  cord.  The  latter  was  caused 
by  fracture  dislocation  of  the  fifth  and  sixth  cervical  vertebrae  occurring 
in  a  diving  accident.  The  patient  complained  of  abdominal  pain  for  the 
first  time  four  days  after  the  accident,  and  it  persisted  throughout  the 
remainder  of  his  illness.  The  occurrence  of  abdominal  pain,  presumably 
of  ulcer  origin,  despite  the  presence  of  cutaneous  anesthesia,  is  explained 
hy  the  fact  that  the  vagi,  which  were  unaffected  by  the  injury,  contain 
afferent  fibers  for  visceral  sensation.  The  neurogenic  concept  of  ulcer 
formation  is  reviewed  briefly,  and  is  analy.sed  in  terms  of  vago-sympathetic 
asynergia  caused  either  by  overstimulation  of  the  vagus  or  by  removal 
of  the  normal  sympathetic  counterbalance.  In  the  present  case,  as  in  cases 
of  tabes  dorsalis  with  peptic  ulcer,  a  lesion  of  the  spinal  cord  involving 
intermption  of  sympathetic  pathways  from  the  higher  centers  to  the 
sympathetic  ganglia  is  considered  the  most  likely  mechanism  of  this 
disturbance. 

BIBLIOGRAPHY 

(1)  Gushing,  H.:  Peptic  Ulcers  and  the  Interbrain,  Surg.  Gynec.  &  Obst.,  55: 

1,  1932. 

(2)  PopoFF,  N.  W.:  Pathology  of  the  Stomach;  General  Review,  Arch.  Path.,  31: 

220,  1941. 

(3)  Rokitansky:  cited  by  Gushing  (1) ;  Stahnke,  E.:  cited  by  Gushing. 

(4)  Keller,  A.  D.:  Ulceration  in  the  Digestive  Tract  of  the  Dog  Following  Intra- 

cranial Procedures:  Preliminary  Study,  Arch.  Path.,  21:  127,  1936. 

(5)  DiEULAFOY,  G.:  cited  by  Sanford,  G.  H.,  Hughes,  J.  D.,  and  Weems,  J., 

Pneumonia  Gomplicated  by  Acute  Pneumococcic  Hemorrhagic  Ulcerative 
Gastro-Enteritis  (Dieulafoy's  Erosion),  Arch.  Int.  Med.,  62:  597,  1938. 

(6)  DiEULAFOY,  G.:  cited  by  Penner  and  Bernheim  (8). 

(7)  GuRLiNG,  T.  B.:  cited  by  Penner  and  Bernheim  (8). 

(8)  Penner,  A.,  and  Bernheim,  A.  I.:  Acute  Postoperative  Esophageal,  Gastric 

and  Duodenal  Ulcerations:  A  Further  Study  of  the  Pathologic  Changes 
in  Shock,  Arch.  Path.,  28:  129,  1939. 

(9)  Martin,  J.,  and  Schnedorf,  J.  G.:  The  .\bsence  of  Changes  in  Gastric  Activity 

and  of  Gastrointestinal  Ulceration  Following  Hypothalamic  Lesions  in  the 
Monkey  and  Cat,  Am.  J.  Physiol.,  122:  81,  1936. 

(10)  Crohn,  B.  B.:  Gastroduodenal  Ulcer:  Etiology,  Treatment  and  End  Results, 

J.  Connecticut  State  M.  Soc,  1:  92,  1936. 

(11)  MoRLEY,  J.:  Abdominal  Pain,  New  York,  Wm.  Wood  &  Co.,  1931. 

(12)  Harper,  A.  A.,  McSwiney,  B.  A.,  and  Suffolk,  S.  F.:  Afferent  fibers  from  the 

abdomen  in  the  vagus  nerves,  J.  Phj'siol.,  85:  267,  1935. 

(13)  Irving,  J.  T.,  McSwiney,  B.  A.,  and  Suffolk,  S.  F.:  Afferent  fibers  from  the 

stomach  and  small  intestine,  J.  Physiol.,  89:  407,  1937. 


DUODK.NAI,  I  LCKU  AFTER  SPINAL  COHD  INJl'RY 


877 


(14)  Bernheim,  F.:  personal  coniniunication  to  author. 

(15)  VON  Bergmann,  G.:  cited  by  Cu.shing  (1). 

(16)  DAI. LA  Vedova,  H.,  Durante,  L.,  Gundei. finger,  K.:  cited  by  Gushing  (1). 

(17)  Keller,  A.  D.:  Protection  by  Peripheral  Nerve  Section  of  the  Gastrointestinal 

Tract  from  Ulceration  Following  Hypothalamic  Lesions,  with  Preliminary 
Observations  on  Ulceration  in  the  Gastrointestinal  Tract  of  the  Dog 
Following  Vagotomy,  Arch.  Path.,  21 :  165,  1936. 

(18)  Alvarez,  W.  G.:  An  Introduction  to  Gastro-Knterology,  New  York,  Paul  H. 

Hoeber,  Inc.,  1940. 

(19)  Masten,  M.  G.,  and  Bunts,  R.  C:  Neurogenic  Krosions  and  Perforations  of 

the  Stomach  and  Ksopluigus  in  Gerebral  Lesions:  Report  of  Six  Gases, 
Arch.  Int.  Med.,  54:  916,  1934. 

(20)  Hall,  G.  E.:  Experimental  Heart  Disease,  Ann.  Int.  Med.,  12:  907,  1939. 

(21)  Keppich.J.:  cited  by  Gushing  (1). 

(22)  Light,  R.  U.  et  al.:  cited  by  Gushing  (1). 

(23)  WiNKELSTEiN,  A.:  A  New  Therapy  of  Peptic  Ulcer:  Gontinuous  .\lkalinized 

Milk  Drip  Into  the  Stomach,  Am.  J.  M.  Sc.,  185:  695,  1933. 

(24)  Goodhart,  S.  p.:  Trophic  Disturbances  Following  Acute  Lesions  of  Spinal 

Origin,  in  Practice  of  Medicine,  Tice,  Hageistown,  Md.,  W.  F.  Prior  Go., 
Inc.,  10:  667,  1932. 

(25)  PoLSTORFF,  F.:  Ubcr  eine  seltene  Verletz.ung  im  epileptischen  Anfall  mit  todli- 

chem  Ausgange,  gleichzeitig  Beitrag  zur  Entstehung  des  runden  Magenge- 
schwtirs,  Psychiat.  Neurol.  VVchnschr.,  35:  566,  1933. 

(26)  Krueg:  cited  by  Henkel,  P.,  Ulcus  ventriculi  und  Tabes,  Inaug.  Diss.  Berlin, 

1937. 

(27)  Grohn,  B.  B.:  The  Existence  of  Gastric  Ulcer  With  Tabes  Dorsalis,  J.  A.  M.  A., 

77:2023,  1921;  Med.  Glin.  North  Am.,  5:  1161,  1922. 

(28)  Matthews,  M.  W.,  and  Rivers,  A.  B.:  Perforating  Peptic  Ulcer  Simulating 

the  Gastric  Grisis  of  Tabes,  Proc.  Staff  Meet.  Mayo  Glin.,  14:  193,  1939. 
Wilbur,  D.  L.,  and  Gutler,  H.  H.:  Grisis  Type  of  Abdominal  Pain  Due  to 
Gastric  and  Duodenal  Ulceration,  ibid.,  13:  26,  1938. 

(29)  Strisower,  R.:  cited  by  Ellis  and  Haynes  (30). 

(30)  Ellis,  L.  B.,  and  Haynes,  F.  W.:  Postural  Hypotension,  With  Particular 

Reference  to  Its  Occurrence  in  Disease  of  the  Gentral  Nervous  System, 
Arch.  Int.  Med.,  58:  773,  1936. 

(31)  Watts,  J.  W.:  The  Influence  of  the  Gerebral  Gortex  on  Gastrointestinal  Move- 

ments, J.  A.  M.  A.,  104:  355,  1935. 
Wechsler,  I.  S.:  .\bdominaI  Pain  as  a  Symptom  of  Disease  of  the  Brain,  J.  A. 
M.  A.,  105  :  647,  1935. 

(32)  Ott,  S.,  and  Field,  G.  B.  W.,  Bechterew,  V.,  Lurje:  cited  by  Watts  (31). 
Hesser,  F.  H.,  Langworthy,  O.  R.,  and  Kolb,  L.  C.:  Experimental  study  of 

gastric  activity  released  from  cortical  control,  J.  Neurophysiol.,  4:  274, 
1941. 


THE  VALIDITY  OF  NEPHROSIS  AS  A  NOSOLOGICAL  CONCEPT 


ELI  MOSCHCOWITZ,  M.D. 
[Chief,  Second  Medical  Service,  The  Mount  Sinai  Hospital] 

Since  the  introduction  of  this  term  into  medical  nomenclature  by 
Friedrich  Miiller  in  1905  (1),  the  concept  of  "nephrosis"  has  been  sub- 
jected to  so  many  vicissitudes  that  today  he  would  not  be  able  to  recognize 
his  own  offspring.  Beginning  as  an  idea,  nephrosis  has  been  at  various 
times  a  unitary  pathological  lesion,  multiple  pathological  lesions,  various 
clinical  syndromes  and  finally,  a  single  but  rare  renal  lesion  with  a  char- 
acteristic clinical  expression.  No  two  investigators  are  agreed  as  to  the 
strict  definition  of  a  nephrosis  and  the  introduction  of  this  term,  as  with 
most  that  have  a  metaphysical  connotation,  has  created  more  confusion 
than  otherwise.  It  is  not  a  disease  in  the  sen.se  that  it  has  a  consistent 
background  in  pathology.  At  best,  it  is  a  clinical  syndrome  with  multiple 
morphological  backgrounds,  not  only  renal  but  otherwise.  As  a  conse- 
cjuence  of  the  many  adventures  that  this  term  has  been  subject  to,  one  has 
the  right  to  demand  what  is  meant  when  this  term  is  employed.  Without  a 
definite  prefix,  "nephrosis"  means  but  very  little. 

In  order  to  appraise  the  various  evolutions,  a  brief  historical  survey  is 
necessary.  Miiller  coined  the  word  "nephrosis"  to  cover  the  purely 
degenerative  lesions  of  the  kidney  as  opposed  to  the  inflammatory.  By 
implication,  he  referred  to  the  purely  parenchymatous  or  tubular  lesions 
of  the  kidney,  since  it  was  long  recognized  that  these  differed  clinically 
from  the  purely  vascular  or  inflammatory  nephritides,  edema  being  the 
predominant  symptom.  This  attempt  at  differentiation  already  involved  a 
number  of  fallacies.  First,  because  the  differentiation  was  quantitative 
and  not  qualitative  inasmuch  as  the  inflammatory  and  vascular  nephri- 
tides presented  tubular  changes  to  a  greater  or  lesser  extent  and  vice  versa ; 
and  .second,  becau.se  to  this  day  the  term  inflammation  has  received  no 
precise  morphological  connotation.  "Inflammation"  is  subject  to  too 
many  personal  interpretations.  In  fact,  Aschoff  (2)  objected  seriously 
to  the  term  "nephrosis"  because  to  his  notion  even  a  degeneration  of  a 
cell  is  an  inflammation  since  it  represents  a  reaction  to  an  injury.  In 
1913,  Munk  (3)  found  in  certain  patients  suff'ering  from  what  was  then 
diagnosed  as  "parenchymatous  nephritis,"  with  edema  as  the  outstanding 
.symptom,  doubly  refractile  lipoid  droplets  in  the  urine  and  on  demon- 
strating that  the  tubules  of  such  kidneys  contained  lipoid  material,  intro- 
duced the  designation  "lipoid  nephrosis."  He  regarded  the  disease  as 
extrarenal,  metabolic  in  mechanism  and  ascribed  active  lues  as  the  main 
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cause.  In  the  meantime,  Volhard  and  Fahr  (4)  in  their  classical  mono- 
graph introduced  "nephrosis"  as  one  of  the  great  trinity  in  their  classifica- 
tion of  the  bilateral  hematogenous  nephropathies,  insvu-ing  a  foothold  for 
this  term  that  has  endured  since.  Conceiving  nephrosis  morphologically 
as  any  tubular  and  degenerative  lesion  of  the  kidneys,  they  comprised  in 
their  subdivision  such  diverse  lesions  as  cloudy  swelling,  fatty  and  hyaline 
degeneration,  necrosis  (mercury  poisoning)  and  amyloid  kidney.  Since 
then,  other  observers  have  included  in  their  classifications  of  "nephrosis," 
the  kidney  of  pregnancy,  febrile  albuminurias,  the  kidney  in  multiple 
myeloma,  the  kidney  in  diabetes  and  the  kidney  in  jaundice.  \'olhard 
and  Fahr,  however,  recognized  a  clinical  entity  characterized  by  tubular 
degeneration  associated  with  edema  and  normal  renal  function  which  they 
termed  "genuine"  or  "cryptogenic  nephrosis"  and  which  formed  an  im- 
portant clinical  subgroup.  Soon  after,  came  the  brilliant  investigations 
of  Epstein  (5).  First,  he  confirmed  the  suspicion  held  by  Bright  and  the 
actual  demonstration  by  Cstary  (6)  of  a  low  protein  blood  content,  and  of 
Chauffard  and  his  co-workers  (7)  who  found  a  high  cholesterol  blood 
content  in  "parenchymatous  nephritis"  with  edema.  His  outstanding 
contribution  was  his  application  of  the  neglected  law  of  Starling  (8)  pub- 
lished in  189G  to  the  interpretation  of  the  cause  of  edema.  Starling's  law 
is  the  following:  "At  any  given  time  there  must  be  a  balance  between  the 
hj'drostatic  pressure  of  the  bloqd  in  the  capillaries  and  the  osmotic  attrac- 
tion of  the  blood  in  the  capillaries  for  the  surrounding  fluids.  With  in- 
creased capillary  pressure  there  must  be  increased  transudation — with 
diminished  capillary  pressure  there  will  be  an  osmotic  absorption  of  salt 
solution  from  the  extravascular  fluid."  Inasmuch  as  protein  exerts  a 
considerable  osmotic  pressure,  any  considerable  reduction  in  the  total 
protein  of  the  blood  lowers  the  osmotic  pressure  to  the  point  when  the 
hydrostatic  pressure,  especially  in  the  \  enous  end  of  the  capillaries  will 
become  dominant  and  serum  will  exude  into  the  tissues.  The  application 
of  this  law  into  cHnical  medicine  has  stimulated  extensive  and  fruitful 
investigations  upon  blood  proteins  both  in  health  and  disease.  Epstein 
adopted  the  term  "lipoid  nephro.sis"  as  the  morphological  background  of 
the  disea.se  which  he  had  pre\'iously  designated  as  a  "parenchymatous 
nephritis,"  the  cardinal  clinical  features  of  which  were  the  following: 
marked  albuminuria,  hypoproteinemia,  hypercholesterinemia,  double 
refracting  lipoid  droplets  in  the  urine,  normal  systemic  arterial  tension, 
secondary  anemia,  edema  or  anasarca  with  a  low  protein  content  of  the 
transudate,  normal  renal  function,  a  lowered  basal  metabolism  and  an 
exceptional  tolerance  to  thyroid  preparations.  In  numerous  publications, 
Epstein  has  built  up  a  superstructure  of  theory  and  pathogenesis  which  in 
many  particulars  has  been  confirmed. 

The  concept  of  "nephro.sis"  was  a  direct  challenge  to  pathologists.  It 
did  not  take  long  to  discover  that  clinically  and  morphologically  the  results 
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were  irreconcilable  and  that  in  cases  where  the  clinical  mimicry  was  close, 
a  "lipoid  nephrosis"  was  not  always  the  finding  at  post-mortem  examina- 
tion but  that  often  a  glomerulonephritis,  less  frequently,  an  amyloid  kidney 
and  rarely,  the  sclerotic  kidney  associated  with  hypertension  were  found. 
For  the  anatomical  diagnosis  of  these  cases,  the  suffix  "nephrotic  syndrome" 
was  added  to  differentiate  them  from  the  genuine  "lipoid  nephrosis." 
Nevertheless,  these  kidneys  aside  from  the  dominant  lesion,  revealed  the 
characteristic  morphological  features  of  the  "genuine  nephrosis,"  namely, 
lipoid  deposition  of  the  tubules  and  the  double  refractile  bodies  both  in  the 
urine  and  in  the  parenchyma.  It  was  correctl}^  concluded  that  the  lipemia 
represented  the  underlying  pathogenesis  responsible  for  the  lipoid  deposi- 
tion in  these  diverse  morphological  backgrounds.  In  the  course  of  further 
study,  it  became  apparent  that  many  of  the  clinical  features  supposedly 
characteristic  of  "lipoid  nephrosis"  notably,  edema,  low  serum  protein, 
hypercholesterinemia  and  the  low  protein  content  of  the  transudate,  oc- 
curred in  many  disorders  in  which  the  kidney  was  not  implicated,  notably, 
in  protein  starvation  (war  edema),  hepatic  cirrhosis  with  repeated  tappings, 
in  prolonged  slow  bleedings  from  whatever  cause,  in  pernicious  anemia,  in 
prolonged  ulcerative  lesions  of  the  intestines  and  in  certain  cases  of  sprue 
or  sprue-Uke  conditions.  The  common  denominator  in  these  extrarenal 
maladies  is  a  hypoproteinemia,  the  result  either  of  lo.ss,  deficient  intake, 
failure  of  formation  and  in  all  probability^  deficient  absorption  of  protein. 
Even  in  these  conditions,  the  suffix  "nephrotic  syndrome"  is  often  added 
to  the  diagnosis,  but  etymologically,  of  course,  Anthout  the  slightest 
justification. 

From  this  brief  historical  review,  it  is  apparent  that  the  term  "nephrosis" 
has  had  various  nosological  interpretations  both  clinical  and  morphological. 
As  a  consequence,  no  two  current  clas.sifications  of  "nephrosis"  agree.  We 
have  already  quoted  Volhard  and  Fahr's  classification.  Munk  (9)  clas- 
sifies the  nephroses  thus:  1)  albuminous  degeneration;  2)  fatty  degenera- 
tion; 3)  hpoid  degeneration;  4)  necrosis;  5)  hyahne  degeneration;  6)  amy- 
loid degeneration;  and  7)  glycogenic  degeneration.  Bell  (10)  classifies 
the  nephroses  into  two  broad  groups:  (a)  the  simple  nephro.ses  and  (b)  the 
special  nephroses.  Among  the  simple  nephroses  he  includes  1)  those  due 
to  chemical  poisons;  2)  those  due  to  bacterial  poisons;  and  3)  those  due  to 
jaundice.  Among  the  special  nephro.ses,  he  includes  1)  the  nephro.sis  of 
eclampsia  and  2)  amyloid  kidney.  "Lipoid  nephrosis"  is  excluded  in  this 
classification  becau.se  he  regards  it  as  a  glomerulonephritis .  Fishberg's  (11) 
classification  is  the  following:  1)  Larval  nephro.sis,  under  which  he  includes 
febrile  albuminuria,  diabetic  nephrosis,  the  nephrosis  of  jaundice,  hemo- 
globinemia,  Graves'  disea.se  and  those  due  to  chemical  poisons.  2) 
The  necrotizing  nephrosis,  notably  that  due  to  mercury  poisoning.  3) 
Chronic  nephrosis  which  in  Fishberg's  interpretation  is  .synonymous  with 
"lipoid  nephrosis"  and  4)  amyloid  kidney.    Finally,  Leiter  (12)  in  an 
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admirable  review  strictly  limits  the  designation  of  nephrosis  to  that  con- 
ventionally regarded  as  "lipoid  nephrosis"  which  he  regards  as  suggestive 
of  a  primary  renal  origin.  This  is  a  far  cry  from  the  original  and  even 
transitional  designations  of  this  term.  Indeed,  many  clinicians  confronted 
with  the  maze  of  conflicting  concepts  are  veering  towards  Leiter's  point  of 
view.  The  problem  narrows  down  to  this.  Is  "lipoid  nephrosis"  a  bio- 
logically pure  disease  with  a  consistent  etiology,  pathologj^  pathogenesis 
and  clinical  expression  and  course?  In  order  to  answer  this  cjuestion  a 
review  of  some  aspects  of  the  current  knowledge  concerning  "lipoid  nephro- 
sis" is  necessary. 

In  the  first  place,  the  disease  known  as  "lipoid  nephrosis"  is  rare.  In 
The  Mount  Sinai  Hospital,  where  there  has  perhaps  been  more  abundant 
opportunity  to  observe  "lipoid  nephrosis"  than  elsewhere  because  of  Dr. 
Epstein's  association,  only  one  or  two  cases  that  meet  the  strictest  criteria 
may  be  .seen  in  the  course  of  a  year,  mostly  on  the  children's  service. 

Etiology.  Since  Dieulefoy  (13)  who  in  1899  reported  17  cases  of  tubular 
degeneration  of  the  kidney  with  albuminuria  and  edema  in  17  luetics, 
mostly  in  the  secondary  stage,  lues  has  been  a  tradition  as  a  cause  of 
"lipoid  nephro.sis."  This  tradition  received  considerable  fixation  from 
Munk  (9)  who  in  his  earliest  publication  reported  the  enormous  number  of 
14  cases  of  "lipoid  nephrosis"  due  to  lues.  In  a  more  recent  edition  of  his 
text  book  (1918),  Munk  (9)  has  become  somewhat  lukewarm  in  respect 
to  the  etiological  reaction  of  lues  to  "lipoid  nephrosis."  Reports  of  most 
observers  gi^-e  lues  a  very  minor  role.  It  seems  to  me  that  this  tradition 
has  been  founded  without  sufficient  critique.  In  the  first  place,  a  history 
of  lues  or  a  positive  serological  test  in  a  patient  with  "lipoid  nephrosis"  does 
not  nece.ssarily  imply  cause  and  efTect.  Experience  is  replete  with  such 
errors  in  other  branches  of  medicine  and  mere  associations  are  not  taken 
into  consideration.  Second,  in  many  of  the  reports  an  albuminuria  is  the 
only  distinguishing  mark  of  the  "nephrosis,"  diagnosticating  by  inference 
nothing  more  than  a  tubular  degeneration.  Furthermore,  such  cases  have 
been  reported  after  the  patient  has  had  treatment  for  his  lues,  so  that  it  is 
impossible  to  assert  whether  the  albuminuria  is  the  result  of  lues  or  of 
treatment.  It  is  true,  as  Fishberg  (11)  insists,  that  neither  mercury  nor 
the  arsenicals  cause  sufficient  albuminuria  to  cau.se  edema  and  that  a 
"lipoid  nephrosis"  cannot  result  from  treatment  alone  under  any  circum- 
stances. The  report  of  a  luetic  "nephrosis"  after  treatment  has  begun  is, 
therefore,  manifesth^  invalid  if  mere  albuminuria  is  the  criterion.  In  order 
to  ascribe  a  luetic  origin  to  "lipoid  nephrosis"  two  criteria,  it  seems  to  me, 
are  essential.  First,  that  the  kidneys  at  post-mortem  examination  in 
.syphilitic  lipoid  nephrosis  show  either  unmistakable  lesions  of  lues  or  the 
presence  of  the  spirochete.  I  have  found  no  instance  in  which  the.se  evi- 
dences have  been  indubitably  proven.  In  fact,  in  the  rare  instances  of 
proven  luetic  involvement  of  the  kidney,  a  "nephrosis"  has  not  lieen  part 
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or  parcel  of  the  clinical  picture.  The  sponsors  of  the  luetic  origin  of  "lipoid 
nephrosis"  evade  this  issue  by  assuming  that  it  is  the  virus  and  not  the 
spirochete.  Curiously,  as  far  as  I  can  perceive,  this  is  the  only  instance  in 
all  medicine  in  which  the  virus  of  lues  has  been  invoked  as  the  cause  of  a 
frankly  syphilitic  disease.  In  every  other  instance,  one  blames  the  spiro- 
chete. Second,  if  lues  is  ascribed  as  the  cause  of  a  "lipoid  nephrosis"  one 
should  reasonably  expect  a  cure  of  the  "nephrosis"  by  appropriate  treat- 
ment, inasmuch  as  the  tubular  change  is  a  reversible  phenomenon,  as  evi- 
denced by  its  occa.sional  curability.  I  have  not  been  able  to  find  one 
unmistakable  proof  in  any  report  that  this  happened.  In  one  case  of 
apparently  typical  "lipoid  nephrosis"  associated  with  a  positive  Wasser- 
mann  reaction  which  I  observed  many  years  ago  (in  pa.s.sing,  it  is  the  only 
case  in  my  experience  in  which  lues  was  suspected),  the  patient  grew 
steadily  worse  on  antisyphilitic  therapy  and  died  of  erysipelas  following 
artificial  drainage  of  the  leg. 

In  summary,  the  causal  relation  of  syphilis  to  "lipoid  nephrosis"  must 
be  viewed  with  much  skepticism. 

There  have  been  various  other  causes  ascribed  to  "lipoid  nephrosis," 
notably,  infections.  I  beUeve  the  reason  for  the  apparent  "cryptogenic" 
character  of  "lipoid  nephrosis"  lies  in  the  fact  that  "lipoid  nephrosis"  does 
not  come  to  observation  until  long  after  the  initial  insult  has  taken  place. 
"Lipoid  nephrosis"  like  other  maladies  has  a  biological  cour.se,  and  the 
earliest  or  larval  phases  we  can  only  surmise,  but  there  is  no  doubt  that  a 
hypoproteinemia,  which  as  we  shall  see  is  the  dominating  agent  in  the 
mechanism  of  "lipoid  nephrosis,"  must  persi-st  for  a  considerable  period 
before  the  full-fledged  picture  of  "lipoid  nephrosis"  becomes  manifest. 

Pathogenesis  of  "lipoid  nephrosis."  Epstein's  application  of  Starling's 
law  explains  most  of  the  clinical  phenomena  of  "lipoid  nephrosis."  His 
contention  that  hypoproteinemia  was  the  basic  factor  in  the  production 
of  the  edema  and  anasarca  has  received  full  clinical  and  experimental 
confirmation  (Landis  (14),  Gorvaerts  (15),  Leiter  (16)).  Furthermore,  this 
mechanism  has  thrown  light  upon  the  hitherto  unexplained  edemas  of 
extrarenal  origin.  The  critical  blood  protein  level  at  which  edema  appears 
hovers  around  5  per  cent,  other  things  being  equal.  However,  it  has  since 
been  shown  that  the  osmotic  equilibrium  of  the  serum  depends  more  upon 
the  albumin  fraction  than  on  either  the  total  protein  or  globulin  content, 
for  the  reason  that  the  albumin  molecule  possesses  five  times  the  osmotic 
pressure  of  the  globulin  fraction  (Loeb  (17)).  The  determination  of  the 
albumin  fraction  is,  therefore,  of  paramovmt  importance.  The  critical 
blood  level  at  which  edema  appears,  again  other  things  being  equal,  is 
approximately  2.5  to  3  per  cent.  The  inven-^ion  of  the  albumin-globulin 
ratio  which  commonly  occurs  in  "lipoid  nephrosis"  is  due  to  the  smaller 
albumin  molecule  as  compared  to  the  globulin,  whereby  far  greater  quanti- 
ties of  the  albumin  fraction  pass  into  the  urine  than  globulin.  For  prac- 
tical purposes  this  ratio  is  not  important. 
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There  is  but  little  question  that  the  hypoproteinemia  of  "lipoid  nephro- 
sis" is  the  result  of  loss  of  albumin  by  way  of  the  urine.  The  loss  may  be 
great,  even  25  to  30  grams  a  clay.  Considering  that  the  total  plasma  albu- 
min of  a  man  weighing  70  kilos  is  140  grams,  the  drain  unless  compensated 
by  regeneration  is  enormous.  How  much  protein  may  be  lost  in  the  urine 
daily  in  order  to  cause  hypopi'oteinemia  cannot  be  answered  with  any 
precision  because  the  time  factor  must  be  considered.  Patients  who  pass 
only  traces  of  protein  are  never  in  danger  of  developing  hypoproteinemia. 
To  what  extent  the  protein  loss  occurs  by  way  of  the  glomeruli  or  tubules 
is  debatable,  and  for  the  interpretation  of  "lipoid  nephritis"  a  matter  of 
indifference.  At  one  time,  Epstein  sponsored  the  theory  that  "lipoid 
nephrosis"  was  primarily  the  result  of  biologically  altered  serum  protein 
but  this  is  hardl>-  tenable  in  view  of  the  fact  that  a  clinical  picture  identical 
with  that  of  "lipoid  nephrosis"  may  be  caused  by  a  glomerulonephritis  and 
other  renal  lesions  in  which  the  assumption  of  altered  serum  protein  cannot 
be  considered.  Furthermore,  it  renders  the  not  infrequent  cure  of  "lipoid 
nephrosis,"  by  diet  and  thyroid  and  even  spontaneously,  difficult  to  under- 
stand. Indeed,  most  observers  have  found  the  serum  and  ui-inary  proteins 
to  be  identical.  On  the  other  hand,  Goettsch  and  Lyttle  (18)  recently 
have  reported  abnormal  albumins  and  globulins  in  the  serum  of  nephrotic 
patients.  If  confirmed,  it  still  remains  to  be  shown  whether  this  change 
is  primary  or  secondary. 

Hypoproteinemia  is  not  an  exclusive  feature  of  "lipoid  nephrosis"  but 
part  and  parcel  of  a  host  of  other  maladies,  renal  and  otherwise.  First, 
it  is  found  in  any  renal  disorder  in  which  a  considerable  proteinuria  is  a 
feature;  in  glomerulonephritis  very  commonly;  less  frequently  in  amy- 
loidosis and  rarely  in  nephrosclerosis  with  hypertension.  These  observa- 
tions alone  negate  a  metabolic  disorder  and  substantiate  a  primary  renal 
origin  in  "lipoid  nephrosis."  Second,  and  perhaps  more  significant,  are 
the  hypoproteinemias  of  extrarenal  origin.  Some  years  ago  (19),  I  sum- 
marized these  disorders  under  three  headings.  1)  Those  due  to  loss  of 
protein.  In  this  group  belong  the  renal  diseases  just  mentioned;  anasarca 
of  whatever  origin,  hepatic  or  cardiac,  in  whom  repeated  tappings  are 
necessary;  prolonged  and  repeated  hemorrhages,  for  instance,  from  a  peptic 
ulcer;  and  dysenteries  in  which  much  scrum  and  blood  are  lost  in  the  stools. 
2)  Deficient  intake  of  protein.  This  occurs  in  "war  edema"  and  starva- 
tion and  is  especially  common  in  the  tropics  as  the  result  of  an  inadequate 
protein  diet;  also  in  chronic  alcoholism  and  in  the  protein  deficiency  of 
horses.  3)  Insufficient  formation  of  protein.  This  occurs  in  pernicious 
anemia;  in  severe  disease  of  the  liver  and  as  a  .secondary  factor  in  "nephrotic 
states."  To  this  classification  I  would  now  add  4)  failure  of  protein 
absorption.  This  accovmts  for  the  hypoproteinemia  occasionally  .seen  in 
sprue.  The  final  proof  of  the  sequential  relation  between  hypoproteinemia 
and  edema  was  demonstrated  by  Leiter  (16)  by  plasmapheresis.  It  must 
be  remembered  that  while  hypoproteinemia  is  the  main  conditioning  factor 
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in  producing  the  edema  of  "lipoid  nephrosis,"  the  edema  is  to  a  certain 
extent  modified  and  controllable  by  electrolytes,  especially  the  sodium  ion. 
Furthermore,  all  hypoproteinemias  of  whatever  origin,  clinical  and  experi- 
mental, have  another  attribute  in  common  with  "lipoid  nephrosis,"  namely, 
the  low  protein  content  of  the  edematous  transudate,  quantitatively  pro- 
portionate to  that  found  by  Epstein  in  edema  of  "lipoid  nephrosis."  This 
observation  incidentally  renders  highly  improbable  a  mechanism  once 
sei'iously  held,  that  increased  permeabilit}^  or  damage  of  the  capillaries  was 
the  cause  of  the  edema  in  "lipoid  nephrosis." 

Hypoproteinemia  does  not  limit  its  sphere  of  influence  in  merely  creating 
edema.  There  is  hardly  any  question  but  that  it  bears  some  relation  to 
the  development  of  the  lipemia  that  is  so  consistentl}^  pre.sent  in  "lipoid 
nephrosis."  The  relation  is  probably  an  indirect  one  and  as  yet,  not  clearly 
understood. 

In  many  of  the  earliest  investigations,  the  lipemia  was  viewed  as  second- 
ary to  the  primary  deposit  of  lipoid  in  the  kidney,  thus  again  suggesting 
that  "lipoid  nephrosis"  is  a  metabolic  disease,  but  this  view  is  no  longer 
tenable  in  view  of  the  fact  that  a  lipemia  is  just  as  consistently  present  in 
hypoproteinemias  of  extrarenal  origin.  Although  there  is  no  direct  quanti- 
tative relation,  a  lipemia  occurs  in  practically  every  disease  associated 
with  a  hypoproteinemia  and  even  experimentally  by  bleeding  (FLshberg 
and  Fishberg  (20)),  by  plasmaphoresis  (Leiter  (16),  Barker  and  Kirk  (21), 
and  by  experimental  protein  inanition  (Weech  and  Ling  (22)).  Certain 
explanations  have  been  proposed  for  this  remarkable  correlation;  that  the 
lipemia  helps  to  neutralize  the  lowered  osmotic  tension  (20);  that  as  the 
result  of  the  protein  depletion  there  is  a  mobilization  of  fat  from  other 
depots  (23)  similar  to  that  found  in  certain  cachectic  states;  that  it  is  the 
result  of  the  associated  anemia.  That  lipemia  does  not  represent  a  primary 
disturbance  in  metabolism  is  proven  by  the  observations,  first,  that  it 
follows  and  does  not  precede  a  hypoproteinemia  and  second,  that  in  other 
states  associated  with  lipemia,  for  instance,  xanthomatosis,  a  lesion  even 
remotely  resembling  "lipoid  nephrosis"  is  never  produced. 

It  seems  to  me  that  the  best  explanation  of  the  lipemia  in  "lipoid  nephro- 
sis" Hes  in  its  relation  to  the  lowered  basal  metabolism  so  uniformly  found 
in  hypoproteinemic  states.  The  lowered  basal  metabolism  in  "lipoid 
nephrosis"  was  viewed  by  Epstein  as  supporting  his  conception  that  it  is  a 
metabohc  disease,  and  the  familiar  tolerance  such  patients  possess  for 
thyroid  medication  seemed  to  support  his  contention.  He  admitted  that 
the  differentiation  between  "lipoid  nephrosis"  and  myxedema  was  some- 
times difficult;  indeed,  the  association  of  the  two  has  been  reported. 

In  a  recent  paper  (24),  I  submitted  abundant  evidence  that  the  lowered 
basal  metabolism  in  "nephrotic  states"  could  only  be  explained  by  the 
edema  which  acting  as  a  suit  of  clothes,  prevented  the  dis.sipation  of  heat 
from  the  body.    Indeed,  I  showed  that  any  malady  associated  with,  in- 


NEPHROSIS  AS  NOSOLOGICAL  CONCP:PT 


885 


tegumentary  thickening  was  often  accompanied  by  a  lowered  basal  metab- 
olism, for  instance,  ichthyosis,  the  edematous  stage  of  scleroderma,  certain 
cases  of  congestive  failure  without  active  dyspnea  or  tachycardia  and  true 
myxedema.  It  is  a  remarkable  fact  that  in  all  the  above  mentioned  condi- 
tions a  hpemia  as  represented  by  a  hypercholestrinemia  was  invariably 
present.  These  ob-servations  afford  additional  evidence  that  the  lipemia 
in  "lipoid  nephrosis"  is  not  a  primary  disturi)ance  in  metaboUsm.  The 
genesis  of  lipemia  in  "lipoid  nephrosis"  may  be  repre.sented  in  the  following 
mechanism:  hypoproteinemia  — *  edema  — >  lowered  basal  metabolism 
lipemia  (hypercholestrinemia) .  At  the  same  time,  these  evidences  disprove 
the  one  time  assumption  that  the  lowered  basal  metabolism  in  "lipoid 
nephrosis"  is  entirely  the  result  of  an  associated  jirimary  hypothyroidism. 
More  likeh',  the  lowered  metabolic  rate  in  edematous  conditions  is  at  the 
expense  of  the  extra-thyroid  moiety  of  the  total  metabolism ;  and  whatever 
effect  the  administration  of  thyroid  preparations  in  "lipoid  nephrosis"  may 
possess,  the  result  is  symptomatic  and  not  specific.  The  lipemia  accom- 
panj'ing  lowered  metabolic  states  has  all  the  earmarks  of  a  compensatory 
phenomenon  but  the  precise  teleology  is  entirely  unknown,  and  will  remain 
so  until  the  function  of  the  stereos  in  body  economy  is  better  understood. 

In  this  rather  cursory  summary,  we  have  seen  that  most  of  the  cardinal 
clinical  evidences,  namely,  hypoproteinemia,  edema,  low  protein  content 
of  the  transudate,  lipemia,  lowered  basal  metabolism  and  the  low  osmotic 
pressure  of  the  blood  are  by  no  means  the  exclusive  property  of  "lipoid 
nephrosis"  but  occur  in  manifold  maladies,  renal  and  otherwise,  the  essen- 
tial linkage  being  a  hypoproteinemia.  The  i.ssue  that  now  confronts  us  is 
what  additional  property  or  properties  does  "lipoid  nephrosis"  possess  that 
confers  upon  it  the  dignity  of  a  nosological  entity?  We  may  exclude  the 
extrarenal  disorders  at  once  becau.se  they  do  not  enter  into  the  differential 
conflict  and  shall  limit  ourselves  to  the  renal  disorders  that  simulate 
"lipoid  nephrosis." 

First,  the  differentiation  is  ba.sed  on  clinical  grounds.  The  differentia- 
tion of  "lipoid  nephrosis"  from  amyloid  disea.se  and  nephrosclerosis  with 
hypertension  affords  little  or  no  difficidty.  The  malady  from  which 
"lipoid  nephrosis"  more  often  meets  difficulty  in  differentiation  is  glomeru- 
lonephritis. Tho.se  who  uphold  "lipoid  nephrosis"  as  a  disea.se  entit; 
contend  that  glomeridonephritis  differs  from  "lipoid  nephrosis"  in  three 
essentials;  first,  the  cau.se  of  "lipoid  nephro.sis"  is  unknown;  .second, 
"lipoid  nephrosis"  is  not  a.ssociated  with  hypertension  and  third,  renal 
function  is  not  impaired  in  "lipoid  nephrosis."  Let  us  view  these  differen- 
tials clo.sely. 

The  factor  as  to  whether  the  cause  of  a  disease  is  known  or  unknown 
cannot  be  reasonably  employed  as  a  mea.sure  of  differentiation.  Vv'e  have 
already  discussed  one  of  the  reasons  why  the  cau.se  of  "lipoid  nephrosis" 
is  unknown,  namely,  that  the  patient  only  comes  to  ob.servation  long  after 
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the  initial  insult.  The  opportunity  to  observe  the  biologj'  of  the  disease 
from  its  very  inception  is  most  desirable.  Furthermore,  although  the 
probability  is  strong  that  an  infection,  usually  the  streptococcus,  initiates  a 
glomerulonephritis  (the  mechanism  is  still  not  clear),  in  the  vast  majority 
of  instances  especially  of  the  chronic  type,  the  cause  is  not  obtainable,  at 
least,  in  our  experience.  However,  this  is  no  bar  to  the  diagnosis.  The 
question  of  elevation  of  blood  pressure  is  important  for  the  differentiation 
between  "lipoid  nephrosis"  and  glomerulonephritis,  provided  it  is  present. 
Whether  hypertension  may  be  absent  throughout  the  entire  course  of  a 
proven  glomerulonephritis  is  questionable  but  that  it  is  ab.sent  at  some 
particular  cross  section  of  the  life  cycle  is  a  familiar  ob.servation.  I  have 
repeatedly  witnessed  the  disappearance  of  hypertension  in  the  subacute 
or  chronic  stage  of  a  glomerulonephritis.  Had  the  presence  of  hypertension 
escaped  us,  the  diagnosis  of  "lipoid  nephrosis"  in  tho.se  who  presented  a 
"nephrotic  syndrome"  would  have  been  perfectly  justified.  The  aUsence 
of  renal  insufficiency  in  "lipoid  nephro.sis"  would  also  be  a  justifiable 
differentiation  from  glomerulonephritis  provided  that  renal  insufficiency 
is  an  invariable  accompaniment  of  glomerulonephritis,  but  it  is  well  known 
that  the  milder  types  of  chronic  glomerulonephritis  may  persist  for  many 
years  without  anv  evidence  of  impairment  of  renal  function. 

In  the  last  analysis,  therefore,  the.se  clinical  differentials  are  entirely 
arbitrary,  and  do  not  take  into  consideration  the  possible  biology  of  the 
disease. 

Pathology.  Finally,  the  standing  of  "lipoid  nephrosis"  as  a  disease  has 
been  based  on  a  distinctive  morphology.  It  is  admitted  that  the  deposition 
of  lipoid,  mostly  doubly  refractile,  in  the  epithelial  cells  of  the  tubules  and 
to  a  certain  extent  in  the  glomeruli  and  interstitium,  is  not  the  specific 
lesion  of  lipoid  nephrosis  inasmuch  as  this  deposition  is  also  found  in 
glomerulonephritis  and  amyloid  kidne}'  with  a  "nephrotic"  tendency.  The 
specificity  of  the  lesion  of  "lipoid  nephrosis"  is  supposed  to  depend  not  only 
upon  the  comparative  integrity  of  the  glomeruli  but  also  upon  the  absence 
of  morphological  changes  conventionally  recognized  as  those  of  a  glomerulo- 
nephritis. In  view  of  the  striking  clinical  mimicry  between  the  two  dis- 
eases, many  distinguished  pathologists  have  suspected  that  'lipoid 
nephrosis"  is  the  result  of  a  glomerulonephritis  and  much  controversy 
has  raged  upon  the  interpretation  of  glomerular  changes  that  have  been 
observed  in  "lipoid  nephrosis."  There  is  no  need  to  review  the  pros  and 
cons  of  these  debates;  the  conclusion  is  invariabh'  reached  that  the  minimal 
glomerular  lesions  in  "lipoid  nephrosis"  are  not  comparable  to  tho.se  found 
in  the  ordinarj^  tj^pes  of  glomerulonephritis.  The  matter  remained  dor- 
mant until  recently  when  Bell  (25)  revived  the  contro^'er.sy.  Employing  a 
histological  technique  of  MacGregor,  Bell  described  in  four  cases  of  what 
he  believed  to  be  "lipoid  nephrosis"  a  thickening  of  the  basement  capillary 
membrane  and  a  varying  increa.se  in  the  number  and  size  of  the  glomerular 
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ondothelium  lesions  which  ho  interpreted  as  a  glomerulonephritis.  Hell's 
conclusions  have  been  criticized,  for  instance,  by  Leiter  (10)  on  the  ground 
that  none  of  his  four  cases  appeared  to  he  unalloyed  instances  of  pure 
"lipoid  nephrosis"  clinically.  In  all  probal)ility  they  were  cases  of  glomer- 
ulonephritis with  a  "nephrotic  component."  Kantrowitz  and  Klemperer 
(26)  with  the  same  techni(iue  found  no  semblance  of  a  glomerulonephritis 
in  undoubted  "lipoid  nephrosi.-^." 

The  matter  does  not  rest  here.  Becau.se  the  kidneys  do  not  show  the 
conventional  histological  lesions  of  glomerulonephritis  does  not  necessarily 
imply  that  such  lesions  may  not  prcriously  have  existed.  The  entire  problem 
hangs  upon  whether  oiu-  knowledge  of  the  morphological  evolution  of  the 
le.sions  of  acute  glomerulone])hritis  i.-;  complete.  This  is  far  from  being  the 
case.  1)  We  are  well  informed  of  this  evolution  in  clinically  progressive 
chronic  glomerulonephritis  whether  associated  with  a  nephrotic  component 
or  otherwise,  but  we  are  still  entirely  unacquainted  with  the  morphological 
appearance  of  the  glomeruli  in  clinically  healed  cases,  lieing  largely  a 
productive  inflammation  with  proliferation  of  the  intra-  and  extra-capillary 
endothelium  of  the  glomeruli  as  the  predominant  lesion,  some  have  pre- 
sumed that  complete  restoration  to  the  normal  is  never  completely  at- 
tained. This  question  still  awaits  solution.  After  a  diligent  quest  extend- 
ing over  many  years,  I  have  not  been  able  to  find  such  a  kidney.  2)  We 
now  come  to  the  crux  of  the  problem.  For  years,  clinicians  have  observed 
that  occasionally  clinically  established  cases  of  acute  glomerulonephritis 
lose  their  hypertension,  renal  insufficiency,  etc.  and  eventually  develop  the 
typical  clinical  picture  and  cour.'^e  of  "lipoid  nephrosis."  At  times,  even 
complete  recovery  en.sues.  While  such  observations  are  not  common  I 
have  observed  perhaps  half  a  dozen  in  the  course  of  the  past  twenty-five 
years.  What  glomerular  lesions  may  we  expect  to  find  in  such  an  instance? 
The  only  ca.se  that  satisfies  the  above  mentioned  clinical  requirements  and 
that  has  come  to  po.st-mortem  examination  at  The  Mount  Sinai  Hospital 
is  the  following,  a  complete  report  of  which  will  be  shortly  published  by 
Drs.  Jerome  Kohn  and  Herman  Schwarz  of  the  Pediatric  Service.  Further- 
more, this  case  presented  the  first  opportunity  to  study  the  development  of 
a  "lipoid  nephrosis"  from  its  very  inception  to  its  terminal  phase. 

CASE  REPORT 

History  {Adm.  461645).  H.  H.,  age  3  years,  was  first  admitted  December  3,  19.39. 
The  child  had  been  sick  with  fever  and  sore  throat  for  a  weelc,  swelling  of  face  and 
abdomen  for  two  days,  and  red  urine  for  one  day.  There  was  moderate  swelling  of 
face  and  legs.  The  temperature  was  103°F.,  but  returned  to  normal  the  next  day. 
There  was  evidence  of  receding  tonsillitis.  The  blood  pressure  was  140  systolic  and 
100  diastolic:  the  blood  urea  nitrogen  was  8  mg.  per  100  cc;  the  serum  protein  was 
5.1  per  cent  of  which  the  albumin  fraction  was  3.8  per  cent.  The  urine  contained 
albumin  2  plus,  red  blood  cells  and  a  few  casts.  On  December  5,  it  was  noted  there 
was  no  gross  blood  in  the  urine.  On  discharge,  December  19,  19.39,  albumin  had 
disappeared  from  the  urine.    On  February  1,  1930,  in  the  follow-up  clinic,  the  pa- 
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tient  gave  a  history  of  having  had  "grippe"  two  weeks  before.  Moderate  edema  was 
noted  over  the  tibia,  the  urine  contained  albumin  2  plus,  the  blood  pressure  was 
120  sj'Stolic  and  80  diastolic. 

Second  admission  (March  12,  1940).  Three  weeks  before  admission  generalized 
edema  was  noted.  The  blood  pressure  was  124  systolic  and  90  diastolic;  the  blood 
urea  nitrogen  9  mg.  per  100  cc;  the  total  serum  protein  4.5  per  cent  of  which  the 
albumin  fraction  was  2.5  per  cent;  and  the  cholesterol  550  mg.  per  100  cc.  The 
child  was  placed  on  a  high  protein  diet  and  given  8  grains  of  thyroid  without  effect, 
During  her  stay  in  the  hospital  the  edema  persisted,  the  urinary  albumin  was  3  plus, 
the  cholesterol  was  high,  on  one  occasion  attaining  1050  mg.  per  100  cc.  The  blood 
pressure  remained  about  the  same.  There  was  one  attack  of  abdominal  pain  with 
fever.    The  patient  was  discharged  August  6,  1940. 

Third  admission  (August  25,  1941).  No  clinical  improvement  was  noted  during 
her  home  stay.  The  blood  pressure  was  110  systolic  and  85  diastolic.  The  serum 
protein  was  3.3  per  cent  of  which  the  albumin  fraction  was  1.5  per  cent.  The  blood 
chemistry  was  the  same  as  on  the  last  admission.  The  child  had  erysipelas  twice. 
The  child  died  of  a  pneumococcus  peritonitis  on  January  12,  1941.  (The  urine 
always  contained  4  plus  albumin  with  a  few  red  blood  cells  and  rare  casts.)  Two 
weeks  before  death  the  blood  urea  nitrogen  was  28  mg.  per  100  cc. 

Necropsy  findings  (P.M.  11728).  The  renal  architecture  of  the  kidney  seems  not 
to  be  profoundly  disturbed;  however,  throughout  the  cortex  one  sees  small  foci  of 
tubular  atrophy  with  increased  stroma  and  frequently  one  sees  the  stroma  widened 
with  infiltration  by  lymphocytes  with  occasional  polymorphonuclear  leucocj^tes. 
The  first  convoluted  tubules  are  quite  distended  and  contain  a  considerable  amount 
of  albumin.  The  epithelial  cells  generally  show  a  good  brush  border  and  the  cj'to- 
plasm  is  finely  granular.  The  terminal  portion  of  the  convoluted  tubules  contains  a 
large  amount  of  pink  granular  material  which  is  probably  albumin.  The  epithelium 
in  such  portions  shows  vacuolization.  Glomeruli:  A  superficial  examination  of  the 
glomeruli  seem  to  indicate  that  thej'  are  not  materially  altered.  However,  if  one 
examines  more  carefully,  one  finds  certain  changes  effecting  the  majority  of  the 
glomeruli.  The  lobulation  of  the  tuft  is  exaggerated  and  the  lobules  appear  rather 
plump.  The  basement  membrane  of  the  capillary  loops  are  quite  thick  and  there 
is  fusion  of  such  loops  with  each  other  and  with  the  capsule.  Some  glomeruli  show 
multiplication  of  the  capsule  epithelium.  The  Bowman's  space  contains  only  a 
small  amount  of  albumin. 

The  two  kidneys  together  weighed  240  grams.  They  were  enlarged,  white-yellow 
and  soft.  The  capsule  stripped  with  ease.  There  is  no  scarring,  hemorrhages  or 
granularity  of  the  surface.  On  section,  the  cortex  and  medulla  are  sharply  de- 
marcated.   The  glomeruli  are  visualized  as  pin-point  red  dots. 

COMMENT 

It  is  apparent  that  the  changes  in  the  glomeruli  that  are  not  completeh' 
intact  correspond  clo.seh'  to  tho.se  described  by  Fahr  (27),  ]\Iunk  (9)  and 
others  in  "lipoid  nephrosis,"  even  in  regard  to  their  focal  distribution.  In 
addition,  there  was  thickening  of  the  basement  membrane  as  described  by 
Bell  (26).  The  histological  changes  of  the  previous  glomerulonephritis 
have  almost  completely  resolved  except  for  a  minimal  proliferation  of  the 
capillary  endothelium,  thickening  of  the  basement  membrane  and  occa- 
sional fusion  of  the  glomerular  loops.  In  other  words,  this  kidney  might 
be  regarded  morphologicalh^  as  characteristic  of  "lipoid  nephrosis"  provided 
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we  were  not  aware  (hat  (he  patient  had  previously  passed  through  a  well  estab- 
lished acide  glomerulonephrids.  In  other  words,  we  have  witnessed  in 
this  ease  the  evolution,  both  clinieal  and  morphoiogieal,  of  acute  glomer- 
ulonephritis to  "lipoid  nephrosis."  Had  this  patient  been  seen  for  the 
first  time  during  the  third  admission,  the  diagnosis  of  "lipoid  nephrosis" 
would  have  been,  according  to  present  criteria,  perfecth'  correct  which 
again  substantiates  our  conclusion  that  the  majority  of  patients  with 
clinical  "lipoid  nephrosis"  come  to  obsei"vation  only  after  the  initial  phases 
have  passed.  In  short,  a  correct  interpretation  of  "lipoid  nephrosis" 
reciuires  a  complete  survey  of  the  biology  of  the  disease,  both  clinical  and 
anatomical. 

Obviously,  we  are  in  no  position  to  assume  that  a  glomeruloncphi'itis  is 
always  the  basic  pathology  of  clinical  "lipoid  nephrosis"  but  the  possibility 
is  strong  that  this  .sequence  is  exceedingly  common.  This  would  account 
in  a  measiu'c  at  least,  for  the  rarely  reported  instances  of  "nephrotic  con- 
tracted kidney."  That  glomerulonephritis  cannot  account  for  all  the  cases 
of  "lipoid  nephrosis"  is  instanced  by  a  case  of  bilateral  thrombosis  of  the 
renal  veins  with  a  complete  clinical  picture  of  "lipoid  nephrosis"  that  was 
obser\-ed  at  The  Mount  Sinai  Hospital  a  few  j^ears  ago. 

On  all  a  priori  grounds,  as  we  have  tried  to  convey  in  our  discussion  of  the 
pathogenesis,  a  primary  renal  origin  of  "lipoid  nephrosis"  is  almost  an 
inevitable  conclusion.  Xevertheless,  chnical  "lipoid  nephrosis"  is  by  ,no 
means  synonymous  with  anatomical  "lipoid  nephrosis." 

SUMMARY 

Historically,  the  term  "nephrosis"  has  meant  many  things;  a  non-inflam- 
matory and  degenerative  renal  lesion,  an  arbitrarily  defined  clinical  concept, 
a  .syndrome  associated  with  multiple  backgrounds  in  pathology  both  renal 
and  otherwise  and  finally,  a  delimited  disease  with  a  single  background  in 
pathology  designated  as  "Upoid  nephro.sis."  The  fundamental  character- 
istic clinical  phenomena  of  "nephrosis"  are  reviewed  and  their  pathogenesis 
outlined.  The  primary  factor  is  a  hypoproteinemia  which  may  be  the 
result  of  loss,  deficient  intake,  insufficient  formation  and  poor  absorption 
of  protein.  The  hypoproteinemia  is  responsible  for  the  edema  and  anasarca 
and  for  the  low  protein  content  of  the  exudate.  In  addition,  the  hj^po- 
proteinemia  is  indirectly  responsible  for  the  low  basal  metabolism  by 
creating  an  edema  which  acts  as  a  suit  of  clothes  preventing  the  dissipation 
of  heat.  This  is  in  conformitv  with  the  observation  that  all  integumentary 
thickenings  are  usually  accompanied  by  a  low  basal  metabolism.  The 
lipemia  of  "nephrosis"  represents,  in  all  probabiUty,  a  compensatory 
phenomenon  for  the  low  metabolism,  inasmuch  as  a  lipemia  is  also  the 
usual  accompaniment  of  many  edematous  states  and  of  integumentary 
thickenings.  The  validity  of  "lipoid  nephrosis"  as  a  distinct  disease  entit\' 
depends  on  whether  it  possesses  a  precise  background  clinically  and  mor- 


890 


ELI  MOSCHCOAVITZ 


phologically.  Clinically,  "lipoid  nephrosis"  can  be  differentiated  from 
conditions  that  simulate  it  only  by  arbitrary  criteria.  Anatomically, 
"lipoid  nephrosis"  has  no  specific  or  consistent  background.  There  is 
evidence  that  in  certain  instances  the  lesion  of  "lipoid  nephrosis"  represents 
a  glomerulonephritis  in  which  almost  complete  resolution  has  occurred. 
Clinical  and  anatomical  "lipoid  nephroses"  are  by  no  means  .synonymous. 
In  the  last  analysis,  "nephrosis"  is  not  a  di.sease  and  I'equires  preci.se 
definition  when  the  term  is  employed. 
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PUTRID  empye:ma  without  fetid  sputu:m 
("SURPRISE"  e:\ipyema) 


HAROLD  NEUHOF,  M.D. 
[New  York  City] 

A  case  observed  and  treated  jointly  with  B.  S.  Oppenheimer  gives  point 
to  the  observation,  made  upon  a  number  of  occasions,  that  not  only  putrid 
pulmonary  abscess  but  also  putrid  empj-ema  may  exist  in  the  absence  of 
fetid  sputum.  Foul  pus  encountered  in  such  cases  either  at  exploratory 
puncture  or  at  operation  is  usually  unexpected  and  decidedly  in  the  nature 
of  a  surprise.  Instances  have  been  seen  in  sufficient  numbers  to  warrant 
the  statement  that  they  comprise  an  important  variant  of  the  putrid 
pulmonopleural  infections  requiring  special  consideration  from  the  view- 
point of  diagnosis  and  therapy.  There  are  two  reasons  for  describing 
the  foUoA^-ing  case  observed  in  conjunction  \\\t]\  B.  S.  Oppenheimer:  it 
serves  as  a  striking  example  of  the  lesion  in  question,  and  it  illustrates 
the  thoughtful  and  painstaking  study  B.  S.  Oppenheimer  is  wont  to  make 
when  atypical  features  are  present  in  any  case.  The  preadmi-ssion  notes 
are  chiefly  transcripts  from  his  own  annotations  on  the  patient's  chart: 

History  (Adm.  431928).  Mrs.  A.  R.,  46  years  old,  was  admitted  to  The  Mount 
Sinai  Hospital  on  November  7,  1938,  with  the  history  of  a  "'cold"  beginning  about 
October  2.  For  three  weeks  there  had  been  slight  cough,  vague  pain  in  the  back,  and 
scanty  expectoration.  On  October  23  there  began,  with  abrupt  onset,  violent  pain  in 
the  left  chest  radiating  to  the  back  and  left  shoulder.  This  persisted  with  unabated 
violence  for  two  daj's  in  which  period  of  time  there  was  no  fever.  Thereafter  the  pain 
subsided.  Fever  began  on  October  25  and  ranged  between  102°  to  104°F.  throughout 
the  preadmission  period.  Cough  was  persistent,  but  remained  essentially  unproduc- 
tive until  shortly  before  admission.  A  roentgenogram  on  October  25,  two  daj's  after 
the  onset  of  pain,  indicated  the  existence  of  consolidation  and  fluid  over  the  left 
lower  lobe.  On  November  7  the  white  blood  count  was  22,800,  with  85  per  cent  of 
polj'morphonuclear  leucocytes. 

Shortly  before  admission,  Mrs.  A.  R.'s  general  condition  became  worse  rather 
suddenly.  The  following  note  is  transcribed:  Constant  cough,  no  fetor.  Whitish 
sputum.  Clubbing  of  finger  tips.  Cj'anosis  of  lips.  Dyspnea.  Ov'er  the  left  lower 
lobe  poste.iorly  there  is  marked  dullness,  percussion  tenderness,  loud  bronchial 
breathing  and  voice,  some  sticky  rales.  No  abnormal  signs  over  the  right  lung. 
Diagnosis:  Abscess  of  the  lung,  empyema. 

From  the  foregoing  it  is  noteworthy  that  the  customary  diagnosis  of  pneumonia 
with  empyema  was  not  made  in  this  case.  It  should  also  be  noted  that  the  existence 
of  fetid  sputum  was  sought  because  a  putrid  abscess  was  suspected.  This  truly 
progressive  outlook  on  the  subject  of  acute  putrid  pulmonarj''  abscess  must  be  re- 
garded, I  believe,  as  quite  in  advance  of  views  which  are  rather  generally  held  at  the 
present  time. 

892 


PUTRID  EMPYEMA  WITHOUT  FETID  SPUTUM 


893 


Clinical  events  and  course.  On  admission  the  patient  was  uncomfortable,  com- 
plaining chiefly  of  a  frequent  but  essentially  unproductive  cough.  An  x-ray  taken 
shortly  after  admission  revealed  (especially  in  the  lateral  view)  two  homogeneous 
areas  of  density  apparently  representing  paramediastinal  and  infraijulmonary  col- 
lections of  fluid.  The  dramatic  evolution  of  an  alarming  picture  indicative  of  spread 
of  infection  within  the  lung  and  pleura,  with  self-revelation  of  its  underlying  putrid 
character  is  best  seen  in  the  following  notes  taken  from  the  nursing  chart .  The  value 
of  notes  made  by  well  trained  nurses  is  also  illustrated: 

November  7,   2:00  p.m.    Coughing  at  frequent  intervals. 

2:45  p.m.    Coughing  severe,  non-productive.    Codeine  given. 
5:15  p.m.    Coughing  severe,  not  relieved  by  codeine.  Morphine 
given. 

10:15  p.m.  Coughing  almost  constantly.  Dyspnea.  Slight 
amount  of  foul  sputum  at  times.  Morphine  ad- 
ministered. 

November  8.  12:15  a.m.  Morphine  and  codeine  for  cough  and  restlessness. 
,6:45  a.m.    Cj'anosis  now  present.    Foul  sputum  at  times. 
8:30  a.m.    Severe  coughing  spell  lasting  a  half  hour.  Sputum 
foul-smelling. 

8:45  a.m.    Color  poor.    Profuse  diaphoresis.    Respirations  34, 
labored.    Pulse  120. 

The  patient's  condition  on  the  morning  of  November  8  was  truly  precarious.  It 
was  reminiscent  of  the  alarming  picture,  seen  a  number  of  years  ago  in  a  case  of  un- 
recognized undrained  putrid  empyema  which  went  on  to  a  fatal  termination  in  fifteen 
days  from  the  onset  of  symptoms.  .\  report  has  been  made  elsewhere*  concerning 
the  course  of  events  in  these  cases.  To  quote  briefly:  "The  course  may  at  times  be 
hyperacute  and  fulminating.  In  our  series  there  are  a  few  instances  in  which  patients 
were  in  a  profoundly  septic  state  within  a  week  of  the  onset  of  symptoms.  On  the 
other  hand,  well-defined  encapsulation  of  a  small  putrid  empyema  may  lead  to  a 
relatively  mild  and  benign  clinical  course." 

Operation .  In  the  case  under  consideration,  an  operative  indication  appeared 
clear  despite  the  patient's  condition.  Collections  of  foul  pus  in  the  pleural  space  be- 
ing present  (presumably),  their  drainage  was  imperative  regardless  of  the  pulmonary 
lesion  which  was  assumed  to  exist  and  to  be  extensive.  Operation  was  performed  un- 
der local  anesthesia  on  the  morning  of  the  day  after  admission.  It  consisted  essen- 
tially of  the  removal  of  liberal  segments  of  two  ribs  through  a  posterolateral  approach 
and  the  entry  and  unroofing  of  two  large  putrid  empyemata.  Of  the  latter,  one  was 
situated  in  the  paravertebral  zone  and  the  other  was  chiefly  infrapulmonary.  A 
third  smaller  collection  was  parapericardial.  All  intercommunicated  by  narrow 
tracts.  The  shelf  of  pulmonary  tissue  between  the  two  main  pockets  was  densely  in- 
filtrated, and  was  the  apparent  source  of  the  pleural  infection.  In  this  case  a  bron- 
chopleural fistula  did  not  appear  after  operation  and  the  precise  site  of  the  causative 
pulmonary  focus  could  not  be  ascertained. 

Postoperative  course.  There  was  immediate  improvement  following  the  wide 
drainage  which  was  instituted  at  operation.  Cough,  dyspnea,  and  cyanosis  subsided 
promptly  after  operation,  and  the  patient's  general  condition  improved  rapidly. 
The  progress  of  the  wounds  was  satisfactory,  but  fever  continued  for  two  weeks  after 
operation  apparentl}-  due  to  continuation  of  the  infection  within  the  lung. 

The  wounds  healed.  The  patient  was  discharged  sj'mptom-free  and  has  re- 
mained so. 


'Xeuhof.H.and  HirshfeldjS.:  Putrid  Emp}ema.  Ruptured  Putrid  Abscess  of  the 
Lung.    Ann.  Surg.  100:  1105,  1934. 
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COMMENT 

This  case  illustrates  the  thesis  that  there  should  be  more  general  recog- 
nition of  that  variety  of  putrid  empyema  which  masquerades  as  "pneu- 
monia with  pleural  effusion."  Its  usual  outstanding  features,  in  contrast 
to  those  of  pneumonia,  are  initial  severe  thoracic  pain,  essentially  unpro- 
ductive cough,  and  the  ph3\sical  signs  (by  percussion)  of  early  pleural  ef- 
fusion. These  features  .should  lead  to  the  prompt  consideration  of  the 
existence  of  putrid  empyema,  particularly  in  the  presence  of  poor  dental 
hygiene.  Promptness  is  emphasized  because  the  prompt  institution  of  ade- 
quate surgical  drainage  implies  the  likelihood  of  freedom  from  mortality. 


A  XEW  METHOD  FOR  THE  TREAT:\IEXT  OF  LEUCOPENIC 

STATES 


REUBEX  OTTEXBERG,  M.D. 
[Xew  York] 

The  present  treatment  of  leucopenic  states  is  unsatisfactory.  Nu- 
cleotide therapy  has  not  been  generally  accepted.  Transfusion,  with  the 
prime  object  of  conveying  leucocytes  rather  than  plasma  or  red  blood  cells, 
is  the  main  reliance  as  palliative  therapy,  but  is  of  limited  effectiveness. 
These  patients  are  usually  not  anemic. 

The  number  of  leucocytes  in  the  standard  transfusion  is  too  small  to 
meet  the  need  of  the  leucopenic  patipnt.  Any  method  by  which  the 
number  of  leucocytes  transfused  could  be  increased  several  fold  might  have 
value.  Such  a  possibility  exists.  In  normal  persons  the  injection  of  a 
variety  of  substances,  such  as  foreign  proteins,  vaccines,  adenine  and  other 
nucleic  acid  derivatives,  produces  a  temporary  leucocytosis  of  fifteen  to 
thirty  thousand  cells  or  an  increa.<e  of  three  to  six  times  the  normal.  These 
substances,  when  injected  into  the  patient,  generally  fail  to  produce  an 
increase  in  leucocytes  because  of  the  damaged  bone  marrow. 

The  method  proposed  is  to  induce  leucocytosis  in  a  donor  and  to  trans- 
fuse when  his  white  blood  count  Ls  at  a  sufficiently  high  level. 

The  author  chose  the  intravenous  injection  of  typhoid  vaccine  because  he 
was  familiar  with  the  very  prompt  leucocyto.sis  so  produced  (1). 

C.\SE  REPORT 

Hist'jnj.  .J.  B.,  11  20  month  old  sirl,'  was  first  seen  on  October  19,  1939.  She  had 
been  well  until  two  weeks  previously,  when  she  developed  fever,  an  acute  sore  throat, 
and  a  generalized  eruption  suggesting  scarlet  fever.  She  received  sulfanilamide,  5 
grains  every  four  hours,  a  total  of  15  grains.  The  only  other  medication  was  sodium 
salicylate,  10  grains.    She  apparently  improved  for  over  a  week. 

She  then  developed  fever,  ranging  from  103°  to  105°F.:  a  suppurative  otitis  media, 
an  acute  pharyngitis  and  an  extensive  impetiginous  rash  of  the  face:  she  appeared 
desperately  ill.  .\  blood  count  at  this  time  showed  an  almost  complete  disappearance 
of  granular  leucocytes:  hemoglobin,  71  per  cent  (Salhi):  red  blood  cells,  4,560,000: 
white  blood  cells,  9,100  with  .5  per  cent  polymorphonuclear  leucocytes;  89.5  per 
cent  small  lymphocytes;  10  per  cent  large  mononuclear  cells. 

.\  transfusion  of  .300  cc.  of  citrated  blood  was  given  from  the  father.  There  was 
slight  clinical  improvement,  the  temperature  dropped  to  101.5°  F.  for  a  few 
hours.    Immediately  after  the  transfusion  the  blood  count  showed:  white  blood  cells 


'  The  author  is  indebted  to  Dr.  .\.  Wainston  and  to  Dr.  Joseph  C.  Ehrlich,  patholo- 
gists to  the  Royal  Hospital,  Bronx,  Xew  York  for  supplying  him  with  various  details. 
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12,000,  15  per  cent  granulocytes  (4  per  cent  juvenile  forms,  4  per  cent  staff  forms  and 
7  per  cent  polymorphonuclear  leucocytes),  66  per  cent  small  lymphocj-tes,  19  per  cent 
large  mononuclear  cells.    The  toxic  symptoms  and  fever,  however,  persisted. 

It  was  decided  to  give  the  patient  another  transfusion  from  the  same  donor  after 
inducing  leucocytosis  in  him.  On  the  evening  of  October  19  the  father  was,  there- 
fore, given  an  intravenous  injection  of  15  million  killed  typhoid  bacilli.  A  few  hours 
later  he  had  a  severe  chill  and  his  temperature  rose  to  104°F.  On  the  m?orning  of 
October  20  his  leucocyte  count  had  risen  from  10,500  to  28,500.  A  transfusion,  this 
time  of  only  150  cc.  was  then  given  to  the  child.  The  immediate  clinical  result  was 
startling.  The  temperature,  which  before  the  transfusion  had  again  risen  to  105°F., 
dropped  within  a  few  hours  to  101 .5°F.  and  then  to  normal.  The  child's  blood  count 
the  day  after  the  transfusion  showed  10,800  leucocytes,  34.5  per  cent  granulocytes 
(2  per  cent  juvenile,  6.5  per  cent  staff,  23  per  cent  polymorphonuclear  neutrophiles, 
2.5  per  cent  eosinophiles,  .5  per  cent  basophiles)  53  per  cent  lymphocytes,  12.5  per 
cent  large  mononuclears.    The  child  subsequently  recovered  completely. 

COMMENT 

It  is  not  claimed  on  the  basts  of  this  one  case  that  the  cure  t\-a.s  unques- 
tionably due  to  the  treatment.  However,  before  tran.sfusion  the  patient 
had  almost  complete  agranulocytosis ;  her  condition  was  becoming  steadily 
worse  and  she  gave  the  impression  of  total  lack  of  resistance  to  infection 
so  typical  of  agranulocytosis.  The  first  transfusion  of  normal  blood  pro- 
duced a  slight  increase  of  leucocytes,  but  no  change  in  sjTnptoms  in  con- 
trast to  the  startling  change  in  both  the  symptoms  and  granuloc>i:es 
following  the  second  transfusion  of  specially  stimulated  blood  from  the 
identical  donor. 

The  result  may  have  been  due  not  so  much  to  the  actual  number  of 
leucocytes  transfused  (which  was  not  large)  as  to  the  pa.ssive  transmission 
of  a  bone-marrow  stimulating  factor.  It  is  known  (2)  that  in  agranulo- 
cytosis the  bone  marrow  is  not  actually  destroyed  but  is  often  normal  or 
even  hyperplastic.  The  possibility  exists,  therefore,  that  it  lacks  only 
some  maturation  factor  which  can  be  supplied  by  the  blood  of  a  suitably 
stimulated  normal  individual. 

The  preliminary  preparation  of  donors  by  vaccine  injections  has  been 
tried  before,  but  not  for  the  purpose,  increase  of  donor's  leucocytes,  here 
presented.  The  "immuno-transfasion"  of  Sir  Almoth  E.  Wright  (3)  was 
given  two  to  six  hours  after  the  donor  had  received  a  subcutaneous  injection 
of  staphylococcus  vaccine.  Its  object  was  to  take  advantage  of  a  transient, 
though  slight,  increase  in  non-specific  bactericidal  power  of  the  donor's 
blood.  After  a  rather  inadequate  clinical  trial  (4)  it  seems  to  have  been 
dropped. 

The  present  report  is  offered  in  order  that  others  may  try  this  method 
of  transfusing  leucocytes  in  leucopenic  states.  There  are  several  questions 
which  will  have  to  be  answered:  1)  Is  blood  containing  a  great  number 
of  leucocytes  more  effective  than  the  standard  transfusion?  Assuming 
that  it  is,  2)  what  is  the  best  leucocyte  stimulant  to  inject  in  the  donor? 
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3)  IIow  long  do  the  transfused  leucocytes  remain  in  the  circulation?  4) 
Is  there  any  stimulating  effect  on  the  myeloid  colls  of  recipient's  bone 
marrow? 
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ELECTROCARDIOGRAMS  WITH  NORMAL  LIMB  LEADS  AND 
WITH  ABNORMALITY  IN  ONLY  ONE  OF  FOUR 
PRECORDIAL  LEADS 

HAROLD  E.  B.  PARDEE,  M.D. 

[Associate  Attending  Physician,  Xew  York  Hospital;  Assistant  Professor  of  Clinical 
Medicine,  Cornell  University  Medical  School,  Xew  York] 

A  group  of  187  electrocardiographic  records  was  selected  from  a  large 
series,  each  record  showing  an  abnormality  of  the  curve  either  in  the  limb 
leads  or  in  one  or  more  of  the  four  precordial  leads  recorded.  Records 
showing  bundle  branch  block  were  excluded  as  well  as  records  showing  the 
influence  of  digitalis.  The  precordial  leads  were  tho.se  recommended  by 
the  author  (1)  and  are  called  EF2  (upper  end  of  en.siform  and  left  para- 
sternal line),  EF3  (half  way  between  EF2  and  4F),  4F  (just  lateral  to  the 
cardiac  apex),  and  CFo  (at  the  level  of  4F  in  the  anterior  axillary  line). 
The  last  two  are  leads  recommended  by  the  American  Heart  As.sociation, 
the  first  two  are  obtained  from  points  ju.st  below  those  from  which  Leads 
CF2  and  CF3  of  the  Heart  A.s.sociation  are  obtained.  The  usual  .standards 
for  normal  limb  leads  were  adhered  to  and  for  the  precordial  leads  it  was 
decided,  after  reviewing  the  normal  series  of  Barnes  (2)  and  of  Shipley  and 
Hallaran  (3)  to  consider  that  the  T  wave  was  abnormal  if  inverted  or 
diphasic  in  any  of  these  leads  or  if  its  amplitude  was  le.ss  than  L7  mm.  in 
Lead  EF2,  L2  mm.  in  Lead  EF3,  L3  mm.  in  Lead  4F  and  L2  mm.  in 
Lead  CF5. 

In  this  group  of  187  records  14  were  found  with  normal  limb  leads  and 
an  abnormality  in  only  one  of  the  four  precordial  leads.  In  4  of  the.se  the 
abnormality  was  of  QRS  alone  there  being  an  absent  or  small  R  in  Lead 
EF2.  In  the  other  10  the  T  wave  alone  was  abnormal.  None  had  an 
abnormal  QRS  combined  with  an  abnormal  T  in  the  .same  lead.  Of  the  10 
with  T  wave  abnormality  in  one  precordial  lead  the  abnormality  was  in 
Lead  EF2  in  5  records  and  in  Lead  CFo  in  the  other  5.  Figure  1  shows  the 
records  of  the  precordial  leads  of  5  of  the  cases,  two  with  abnormality  of  T 
in  Lead  EF2  and  two  with  abnormality  of  T  in  Lead  CFo.  The  last  record 
shows  an  abnormality  of  QRS  in  Lead  EF2  there  being  no  R  wave  in  this 
lead  but  only  a  QS  deflection. 

The  ca.ses  are  arranged  in  table  1  to  show  the  electrical  axis  of  QRS  and 
the  direction  of  the  T  waves  in  the  limb  leads  as  well  as  the  character  of  the 
T  waves  of  the  precordial  leads.  It  will  be  ob.served  that  all  records  with 
abnormal  T  in  Lead  CFo  had  an  upward  T  in  all  three  limb  leads  and  all 
but  one  had  Ti  of  le.ss  amplitude  than  T3.    It  is  also  seen  that  all  but 
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one  of  those  with  abnormal  T  in  Load  EF2  had  the  T  wave  directed 
upward  in  Leads  I  and  II  and  downward  in  Lead  III.  The  exception, 
Case  0,  had  a  small  upwardly  directed  T,-,  while  T,  and  T2  were  larger 


Fin,  1 


and  upward.  This  table  suggests  the  possibility  that  a  small  or  inverted 
Ti  might  be  uniformly  associated  with  inversion  of  the  T  wave  in  Lead 
CF5  and  that  an  in\erted  T,  would  be  associated  with  inversion  of  T 
m  Lead  EF2.    Further  study  of  other  cases  of  the  .series  proved  that  this 
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was  not  at  all  the  case.  It  was  found,  however,  that  a  small  or  absent  R 
in  Lead  EF2  was  often  associated  with  marked  left  ventricular  hyper- 
trophy as  has  been  pointed  out  hy  others  (4). 

The  chief  interest  in  these  cases  lies  in  the  fact  that  they  reemphasize 
the  importance  of  obtaining  more  than  one  precordial  lead  in  all  cases  (5) 
and  illustrate  the  character  of  the  abnormality  which  is  found  in  such 
records.  To  use  more  than  one  precordial  lead  is  especially  important  in 
cases  with  normal  limb  leads  for  in  these  the  precordial  leads  give  the 
only  abnormal  indication  of  the  record.    It  is  important  also  to  note  that 


TABLE  1 


CASE 

QRS 

T 

EF2 

CF5 

1 

L. 

axis  slight 

+  +  +  ,  T,  < 

Normal 

2 

L. 

axis  + 

+  +  +  ,  T:  < 

T, 

Normal 

3 

L. 

axis  slight 

+  +  +  ,  T,  < 

T3 

Normal 

+  - 

4 

L. 

axis  definite 

+  +  +  ,  Ti  < 

T3 

Normal 

± 

5 

L. 

axis  + 

+  +  +  ,  T,  > 

T3 

Normal 

± 

6 

L. 

axis  slight 

+  +  +  ,  Ti  > 

T3 

Normal 

7 

L. 

axis  + 

+  +  - 

H — 

Normal 

8 

L. 

axis  slight 

+H — 

H — 

Normal 

9 

L. 

axis  + 

++- 

± 

Normal 

10 

Normal  axis 

++- 

± 

Normal 

11 

L. 

axis  + 

+  +  - 

Small  R  • 

Normal 

12 

L. 

axis  + 

+  +  (+-) 

Absent  R 

Normal 

13 

L. 

axis  + 

+  +  + 

Absent  R 

Normal 

14 

L. 

axis  definite 

+  +  - 

Absent  R 

Normal 

-\ — ,  T  wave  diphasic  the  +  phase  preceding  the  — . 
±,  T  wave  amplitude  less  than  standard. 
— ,  T  wave  inverted. 


the  abnormal  feature  is  sometimes  in  Lead  EF2  and  sometimes  in  Lead  CF5 
and  because  of  this  it  is  advisable  to  obtain  both  of  these  leads. 
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SOME  COMPENSATORY  MECHANISMS  IN  HEART  FAILURE 


ABRAHAM  PENXER,  M.D.,  and  ALICE  IDA  BERNHEIM,  M.D. 

[From  the  Medical  Service  of  Dr.  Eli  Moschcowilz  and  the  Laboratories  of  The  Mount 

Sinai  Hospital] 

The  clinician  and  physiologist  have  divided  cases  of  heart  failure  into 
two  large  categories.  Based  upon  current  conceptions  of  the  mechanisms 
concerned  in  their  pathogenesis,  these  have  been  called  "forward  failure" 
and  "backward  heart  failure".  We  will  use  the  term  "forward  failure" 
in  the  sense  in  which  it  is  used  by  Harrison  (1)  as  including  disturbances 
usually  spoken  of  as  "collapse",  "primary  shock",  "secondary  shock", 
etc.  This  is  contrasted  with  "backward  heart  failure"  which  manifests 
itself  clinically  by  abnormal  fullness  of  the  veins.  While  the  former  is 
usually  of  peripheral  origin  the  latter  is  always  of  cardiac  origin  and  is 
the  state  usually  called  "congestive  heart  failure". 

In  some  work  previousl}'  reported  we  have  studied  the  characteristic 
anatomical  changes  in  the  gastrointestinal  tract,  found  in  "forward 
failure"  (2).  This  was  done  in  an  effort  to  investigate  the  mechanisms 
involved  in  the  production  of  these  lesions.  We  concluded  that  these 
lesions  were  the  result  of  the  vasoconstriction  occurring  in  "forward  failure" 
and  forming  one  of  the  homeostatic  mechanisms  invoked  hy  the  organism 
to  maintain  the  circulation  to  the  heart,  lung  and  brain.  These  lesions 
were  reproduced  in  model  experiments  using  adrenalin  to  simulate  the 
vasoconstriction  which  clinically  resulted  from  widespread  activity  of  the 
.sympathetic  portion  of  the  autonomic  nervous  system  (3). 

In  order  to  obtain  control  observations  for  purposes  of  comparison  we 
examined  the  gastrointestinal  tract  in  cases  of  "backward  heart  failure". 
We  were  then  struck  by  the  relative  paucity  of  anatomical  findings,  both 
gross  and  microscopic,  in  cases  with  clinically  profoimd  congestive  heart 
failure.  Grossly,  even  in  cases  of  severe  myocardial  insufficiencj'  nothing 
more  than  congestion  of  var>'ing  degree  w'as  observed,  even  in  the  presence 
of  an  enormously  enlarged  li\'er.  Microscopically  the  findings  were  even 
less  marked  and  consisted  in  a  moderate  dilatation  of  the  submucosal 
veins,  usualh'  but  not  always  associated  with  capillar}^  congestion  in  the 
villi.  ^Microscopic  foci  of  edema  were  .seen  in  the  villi  of  the  small  intestine 
in  only  three  of  our  seventy  cases,  and  was  minimal  in  degree.  In  none 
of  our  cases  w^ere  erosions  or  ulcerations  present,  such  as  we  have  observed 
in  "forward  failure".  We  have  noted  that  the  capillary  congestion  in 
the  small  intestine  is  either  exclusivel}'  or  predominantly  mucosal,  rather 
than  submucosal  as  witnessed  in  cases  of  "forward  failure".    There  was 
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also  no  close  correlation  between  the  severity  of  the  heart  failure  and  the 
degree  of  intestinal  change. 

The  presence  of  only  such  minimal  changes  in  the  gastrointestinal  tract 
in  congestive  failure  is  difficult  to  understand.  Based  upon  current  physio- 
logical concepts  of  back  pressure  stasis  we  would  expect  to  find  a  very 
profound  congestion  of  the  intestinal  tract  which  in  fact,  was  either 
absent  or  not  very  striking. 

From  the  work  of  Burton-Opitz  (4)  and  others  (5)  it  is  well  known  that 
the  venous  pressure  at  the  point  of  origin  of  veins,  i.e.,  at  the  venous  end 
of  the  capillaries,  is  gieater  than  at  any  point  nearer  the  right  auricle. 
As  he  has  demonstrated,  normally  the  highest  venous  pressures  in  the 
circulatory  system  are  found  in  the  mesenteric  veins.  He,  as  well  as 
Krogh  (6),  has  pointed  out  that  this  is  due  to  the  fact  that  the  entire 
portal  vein  system  is  intercalated  between  two  capillaiy  beds  which  may 
be  regulated  independently  of  one  another.  According  to  the  back 
pressure  concept  it  would  thus  be  expected  that  the  increased  pressure 
transmitted  from  the  right  auricle  through  the  inferior  vena  cava  and 
hepatic  veins  to  the  liver  would,  by  hindering  the  exit  of  blood  from  the 
portal  vein  and  obstructing  the  flow  of  blood  to  the  heart,  cause  stasis  in 
the  intestinal  tract.  Similarly  this  would  imply  that  in  long  standing 
heart  failure  and  its  occasionally  accompanying  cardiac  cirrhosis,  there 
would  be  an  increase  in  caliber  of  the  portal  vein  and  its  tributaries  ac- 
companied by  congestion  of  the  intestines  and  splenic  enlargement.  Like- 
wise, it  would  be  expected  that  in  such  ca.ses,  a  phlebosclerosis  of  the  portal 
vein  might  develop.  Actuallj^,  none  of  these  phenomena  are  observed 
as  part  of  the  usual  morphological  findings  in  congestive  heart  failure. 

As  a  result  of  the  insignificant  intestinal  changes  which  we  observed, 
we  felt  that  it  would  be  desirable  to  study  the  hepatic  changes  in  this 
group  of  cases  of  "backward  heart  failure".  This  was  done  because  of 
the  lack  of  evidence  of  any  significant  vascular  changes  in  the  more  proximal 
of  the  two  capillary  beds  which  control  the  flow  through  the  portal  vein, 
i.e.,  in  the  vascular  bed  of  the  gastrointestinal  tract.  Furthermore,  the 
pathologist  has  found  the  liver,  lungs  and  heart  to  be  the  most  profoundly 
involved  organs  in  the  usual  case  of  heart  failure,  and  has  given  especial 
attention  to  the  study  of  the  liver. 

In  this  he  has  been  greatly  influenced  by  the  physiological  concepts  of 
his  clinical  colleagues.  As  a  result,  the  typical  morphological  changes 
in  the  liver  described  in  cases  of  heart  failure  have  been  those  which  afforded 
anatomical  support  to  the  concept  of  "backward  heart  failure".  To  be 
sure,  these  changes  were  noted  in  cases  of  either  severe  or  advanced  heart 
failure.  As  a  rule  the  changes  consisted  in  a  pronounced  dilatation  of  the 
central  lobular  vein  which  was  filled  with  blood.  This  dilatation  is  also 
described  as  extending  from  the  central  vein  into  the  sinusoids  for  a  varying 
distance  toward  the  periphery  of  the  lobule.    In  such  cases,  a  pressure 
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atrophy  of  the  central  portion  of  the  Uver  cords  may  be  noted  or  there 
may  be  centrolobular  hemorrhage  and  necrosis  leading  to  disappearance 
of  these  cells. 

While  recognizing  the  validity  of  this  description,  objections  to  the  under- 
lying concept  of  back  pressure  as  a  pathogenetic  mechanism  began  early 
(7,  8,  9,  10).  Thus,  it  was  pointed  out  that  if  back  pressure  were  the  cause 
of  the  congestion  and  necrosis,  one  would  expect  a  very  uniform  distribu- 
tion of  such  changes  in  the  liver.  While  gross  differences  in  the  extent 
of  the  anatomical  alterations  may  be  explained  on  the  basis  of  differences 
in  caliber  and  angle  of  entrance  of  the  hepatic  veins  (10),  this  certainly 
would  not  explain  striking  differences  in  the  degree  of  anatomical  change 
from  lobule  to  lobule  within  any  given  small  microscopic  area  of  liver. 
Marked  variations  in  the  intensity  of  congestion  between  adjacent  lobules 
has  been  known  to  exist  for  manj'  years  (8,  9,  10)  and  from  our  observa- 
tions is  an  almost  regularly  occurring  phenomenon.  The  same  is  true  of 
the  cellular  changes  in  the  liver  cords.  We  have  observed,  in  studying 
individual  lobules  in  ca.ses  of  "backward  heart  failure",  that  the  congestion 
while  uniform  and  centrolobular  in  distribution  in  severe  and  in  advanced 
cases,  did  not  have  that  distribution,  uniformly,  in  the  early  and  mild  cases. 
In  such  instances  we  have  observed  distinct  variations  in  the  degree  of 
sinu.soidal  congestion  in  a  given  group  of  sinusoids.  Occasionally  we  have 
seen  a  midzonal  congestion  such  as  that  dcsciibed  by  Lambert  and  Al- 
lison (11).  We  do  not  feel,  however,  that  this  forms  a  special  type  of 
hepatic  congestion.  W'e  have  seen  this  midzonal  congestion  in  livers 
in  which  other  lobules  showed  other  varieties  of  distribution  of  the  con- 
gestion. 

Despite  the  increase  in  pressure  in  the  right  auricle  and  inferior  vena 
cava  the  direction  of  blood  flow  in  the  veins  is  still  toward  the  heart. 
This  indicates  that  the  pressure  in  the  portal  vein  is  still  higher  than 
that  in  the  hepatic  veins  and  that  the  pressure  gradient  is  still  downward 
from  the  portal  vein  to  the  hepatic  veins.  The  rate  of  fall  may  be,  and 
probably  is,  less  due  to  the  elevation  in  both  portal  vein  and  inferior 
vena  caval  pressures.  Thus,  the  rate  of  blood  flow  is  decreased  and  the 
pressure  in  the  sinusoids  raised.  The  latter  must  also  show  a  pressure 
gradient  with  a  maximum  pressure  at  the  periphery  of  the  lobule  and  not 
at  its  center. 

As  a  result  we  might  further  expect  the  mechanical  effects  of  backward 
pressure  in  the  portal  circuit  to  be  manifested  by  increased  portal  \ein 
pressure,  dilatation  and  phlebosclerosis  of  the  portal  vein,  splenomegaly, 
dilatation  of  the  mesenteric  veins,  and  edema  and  congestion  in  the  gastro- 
intestinal tract.  This  is  the  picture  found  in  hepatic  vein  thrombosis  as 
reported  in  the  literature  (12,  13)  and  as  observed  in  two  similar  cases 
which  we  studied  for  comparison.  We  might  also  expect  the  formation 
of  a  collateral  circulation  in  longstanding  cases  of  heart  failure.  Further- 
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more,  Harrison  (1)  emphasizes  increased  venous  pressure  as  a  cause  of 
edema  in  "backward  heart  failure".  The  marked  permeabiUty  of  intestinal 
capillaries  is  recognized  (Starling  (14))  and  we  would,  therefore,  expect  to 
find  gross  intestinal  edema  in  "backward  heart  failure"  as  we  often  do 
in  cases  of  hepatic  or  portal  vein  thrombosis.  For  the  same  rea.son  we 
would  expect  to  find  the  almost  invariable  occurrence  of  hepatic  edema 
in  such  cases  since  the  sinusoids  are  among  the  most  permeable  vessels 
in  the  bodj-.  As  Drinker  and  Field  (15)  point  out,  the  permeability  of  the 
liver  sinusoid  is  apparently  complete  for  all  save  the  formed  elements  of 
the  blood,  and  if  the  pressure  in  the  sinusoid  is  increased,  even  the  formed 
elements  may  pass  through.  This  extreme  degree  of  permeability  balances 
a  low  pres.sure  in  the  lobular  ves.sels.  However,  actually,  Keschner  and 
Klemperer  (16)  observed  such  edema  in  only  39  per  cent  of  their  cases 
of  cardiac  failure. 

We  are,  therefore,  unable  to  ascribe  the  anatomical  changes  in  the  liver 
and  the  relative  lack  of  anatomical  findings  in  the  gastrointestinal  tract 
solely  to  backward  pressure,  especially  since  some  of  the  livers  showing 
typical  congestion  were  observed  in  patients  who  during  life  manifested 
no  elevation  of  peripheral  venous  pres.sure. 

It  has  been  customary  to  consider  the  basic  disturbances  in  "forward 
failure"  to  consist  in  a  discrepancy  between  the  capacitj'  of  the  vascular 
bed  and  the  amount  of  blood  available  for  circulation.  The  causes  of 
such  a  discrepancy  are  extremely  numerous  and  variable  in  nature.  We 
have  discussed  elsewhere  (3)  the  mechanisms  w'hereby  such  a  state  of 
affairs  may  lead  to  anatomical  changes  in  the  viscera,  as  a  result  of  the 
compensator}^  mechanisms  which  function  to  maintain  an  adequate 
cii'culation  to  vital  organs.  In  such  a  state  of  affairs  the  heart  receives 
an  amount  of  blood  from  the  venae  cavae  which,  although  completely 
discharged  from  the  left  ventricle,  may  be  in.sufficient  to  nourish  the 
tissues.  The  organism  responds  with  a  characteristic  compensatory  vaso- 
con.striction  which  permits  a  redistribution  of  blood  in  accordance  with 
tissue  needs. 

The  problem  in  "backward  heart  failure"  is  in  many  respects  the  reverse 
of  that  found  in  shock.  Here,  we  are  dealing  with  a  heart  which  for  one 
reason  or  another  is  unable  to  empty  itself  of  the  amount  of  blood  returned 
to  it  from  the  venae  cavae.  As  a  result  of  this,  varying  amounts  of  blood 
remain  in  the  right  auricle  and  adjacent  venae  cavae  at  the  end  of  auricular 
systole.  In  this  way  there  results  a  tendency  to  an  increase  or  an  actual 
increase  in  pressure  within  these  structures.  It  was  shown  in  1914  hy 
Bainbridge  (17)  that  these  areas  of  the  cardiovascular  system  are  capable 
of  acting  as  points  of  origin  of  afferent  stimuli  to  the  medulla.  Anatomical 
confirmation  of  the  presence  in  these  areas  of  afferent  sensorj^  nerve  endings 
was  given  by  the  work  of  Xonidez  (18)  who  showed  such  endings  in  the 
subendothelial  tissue  of  the  supeiior  and  inferior  venae  cavae  and  in  the 
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posterior  auricular  wall  between  them.  In  1924  MacDowall  (19)  showed 
that  there  existed  in  the  right  auricular  wall  the  sensoiy  nerve  endings  of  a 
cardiovascular  reflex  arc,  which  is  not  only  accelerator,  as  shown  by 
Bainbridge,  but  also  pressor,  analogous  to  the  inhibitor-depressor  reflex 
of  the  left  side  of  the  heart.  He  found  that  when  the  venous  pressiu'e  was 
low,  impulses  passed  up  bj'  way  of  the  vagus  to  the  vasomotor  center  and 
reflexly  increased  vasomotor  tone  and  thus  served  to  maintain  the  circula- 
tion. In  this  fashion  an  increase  in  venous  pressvu"e  would  serve  to  cause 
a  decrease  in  vasomotor  tone,  a  relaxation  of  arterioles,  capillaries,  venules 
and  veins  so  as  to  increase  the  capacity  of  the  circulatorj'  bed,  and  thus 
counteract  any  tendency  to  an  increase  in  venous  pressure.  That  these 
reactions  are  of  reflex  origin  is  shown  by  the  fact  that  they  are  abolished 
by  vagotomy.  By  direct  oncometric  studies  on  the  inferior  vena  cava, 
Schretzenmayr  (20)  showed  that  an  increase  in  right  auricular  pressure 
reflexly  acted  to  increase  the  capacity  of  this  vein.  As  he  points  out,  this 
reflex  dilatation  of  the  cavae  when  the  heart  cannot  manage  the  blood 
returned  to  it,  is  the  reverse  of  the  Bainbridge  reflex  in  that  the  stimulus 
originates  in  the  heart  and  acts  on  the  vein,  whereas  in  the  Bainbridge 
reflex  the  stimulus  arises  in  the  venae  cavae  or  adjacent  right  auricle  and 
acts  on  the  heart  to  cause  an  increase  in  rate. 

Johansson  and  Tigerstedt  (21)  in  1889  studied  the  effect  of  infusion  of 
saline  or  blood  into  animals  and  found  that  this  did  not  cause  any  signifi- 
cant changes  in  blood  pressure  or  pulse  rate.  They  observed  that  the  total 
volume  infused  into  a  vein  did  not  remain  in  the  actively  flowing  circula- 
tion for  any  length  of  time,  but  was  taken  up  by  the  liver  and  withdrawn 
from  the  general  circulation.  Five  years  later  Bayliss  and  Starling  (22) 
investigated  this  same  problem  and  found  that  such  an  intravenous  injec- 
tion caused  a  rise  in  the  pressure  in  the  portal  vein  which  occurred  before 
and  was  somewhat  greater  in  degree  than  the  corresponding  changes  in  the 
inferior  vena  cava.  They  found  that  the  excess  fluid  was  distributed  to 
the  venous  side  of  the  circulation.  Since  both  portal  pressure  and  vena 
caval  pressure  rose,  there  was  ob\-iously  an  increase  in  the  pressure  within 
the  hepatic  capillaries  at  least  at  the  periphery  of  the  lobule.  Since  the 
hepatic  sinusoids  dilated  to  receive  the  excess  blood  volume  and  the  blood 
flow  from  the  hepatic  veins  decreased  there  must  have  been  a  diminution 
in  the  gradient  of  pressure  from  the  periphery  to  the  center  of  the  lobules. 
In  this  fashion  the  blood  is  stored  in  the  dilated  sinusoids  at  a  pressure 
sufficiently  low  to  prevent  a  rapid  outflow.  As  a  result  Bayliss  and  Star- 
ling pointed  out  that  the  hyperemia  which  they  observed  in  the  liver  was 
not  passive  but  active  hyperemia.  They  pointed  out  that  the  direct 
measurement  of  pressure  in  the  portal  vein  and  vena  cava  simply  bore  out 
the  fact  which  had  been  so  often  observed  anatomically,  namely,  a  swelling 
of  the  liver,  which  is  extremely  full  of  blood.  Jarisch  and  Ludwig  (23) 
in  1927,  using  very  small  amounts  of  fluid,  made  essentially  the  same  ob- 
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servations  and  indicated  the  importance  of  the  liver  and  intestinal  tract 
in  adjusting  the  capacity  of  the  circulatory  system,  when  artificial  increase 
or  decrease  in  blood  volume  was  caused.  In  these  experimental  studies 
the  increase  in  volume  of  circulating  blood  caused  a  rise  in  pressure  in  the 
large  veins  and  right  auricle  and  thus  reproduced  a  basic  phenomenon 
present  in  "backward  heart  failure".  The  resultant  compensators- 
phenomena  whose  function  would  serve  to  maintain  circulatory  equilibrium 
and  efficiency,  reflexly  lead  to  the  congestive  phenomena  observed  in  such 
states  where  the  circulatory  blood  volume  is  either  temporarily  or  per- 
manently greater  than  the  heart  can  distribute.  This  is  fundamentally 
the  state  of  affairs  which  is  present  in  clinical  "backward  heart  failure". 

These  pressor-depressor  reflexes  through  the  vasomotor  center  also  cause 
volume  changes  in  the  vascular  bed  of  other  organs.  Thus,  Tournade 
(24)  has  shown  that  depressor  stimulation  causes  vasodilatation  in  the 
kidneys  and  Francois-Franck  and  Hallion  (25)  have  noted  similar  reactions 
in  the  pancreas,  while  Barcroft  and  Nisimaru  (26)  as  well  as  Masuda  (27) 
and  Heymans  et  al  (28)  have  observed  a  similar  phenomenon  in  the  spleen. 

The  anatomical  counterpart  of  such  a  reaction  to  an  increase,  or  to  a 
tendency  to  an  increase  in  pressure  within  the  cavae  and  right  auricle  is 
seen  in  the  clinically  observed  hepatomegaly,  occurring  in  heart  failure, 
in  the  presence  of  a  normal  venous  pressure.  This  we  interpret  as  evi- 
dence that  the  pressor-depressor  reflexes  are  active  and  that  the  increase 
in  vascular  bed  of  the  liver  has  been  able  to  withdraw  from  the  active 
circulation  an  amount  of  blood  sufficient  to  prevent  a  rise  of  pressure  in  the 
larger  veins  and  right  auricle.  If  this  compensation  is  only  temporarily 
effective,  the  venous  pressure  will  eventually  rise  above  normal.  Obvi- 
ously compressing  such  a  liver  and  mechanically  increasing  the  flow  to  the 
right  heart  may  cause  the  venous  pressure  to  rise.  This  is  a  frequent 
clinical  observation. 

Anatomically  such  a  liver  shows  a  very  mild  congestion  which  varies 
markedly  from  lobule  to  lobule.  There  may  also  be  distinct  variations 
in  the  degree  to  which  the  individual  sinusoids  in  a  given  lobule  may  be 
congested.  With  severe  myocardial  insufficiency,  i.e.,  when  the  heart 
has  such  slight  reserve  that  the  reservoirs  are  reflexly  utilized  to  their  fullest 
capacity,  one  sees  more  marked  hepatic  changes.  It  is  in  the  livers  from 
such  cases  that  the  textbook  picture  of  almost  uniform  centrolobular 
congestion,  hemorrhage  and  even  necrosis  or  atrophy  is  derived.  How- 
ever, even  in  such  cases  it  is  not  infrequently  possible  to  find  distinct  and 
striking  differences  in  degree  and  distribution  of  the  anatomical  changes. 

In  these  advanced  cases  of  cardiac  failure  in  which  we  have  clinical 
evidence  that  the  compensatory  liver  mechanism  has  failed  to  prevent  a 
rise  in  venous  pressure  the  elevation  of  the  latter  must  contribute  to  the 
engorgement  of  the  liver.  This,  however,  must  occur  only  after  the  reser- 
voir function  of  the  liver  has  been  utilized  to  its  fullest  capacity.  For  this 
reason  it  is  difficult  in  such  advanced  cases  to  evaluate  the  relative  im- 
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IJortance  of  backward  pressure  and  compensatory  active  congestion  in  the 
causation  of  the  hepatic  changes  seen  at  necropsy. 

Naturally,  similar  mechanisms  function  in  the  other  abdominal  viscera. 
We  have,  however,  limited  our  .study  to  th(>  liver  and  gastrointestinal  tract. 

One  of  the  usual  physiological  conse(iuences  of  congestive  heart  failure 
is  a  reduction  in  cardiac  output.  The  stroke  volume  decreases  .so  that  the 
minute  volume  output  drops  despite  the  tachycardia  which  is  usually 
present.  Actually  the  arterial  blood  pressure  either  icmains  unaltered 
or  may  even  rise. 

The  aorta  and  carotid  sinuses  contain  within  their  walls  sensory  nerve 
endings  which  respond  to  changes  in  pressure  within  these  ves.sels.  Should 


Fig.  1.  Liver  showing  an  eccentric  distribution  of  the  centrolobular  congestion  in 
congestive  heart  failure  (photomicrograph,  X  105). 

the  pressure  within  them  tend  to  decrease  there  occurs  a  reflex  vasocon- 
striction which  mainly  affects  the  visceral  vascular  bed.  Obviously 
under  these  circumstances  one  may  have  a  diminution  in  oxygen  supply 
to  the  tissues  despite  a  normal  oxygen  content  of  the  arterial  blood.  In 
the  usual  case  of  congestive  heart  failiue  as  seen  at  necropsy  anatomical 
evidences  of  such  anoxemia,  resulting  from  vasoconstriction  as  we  have 
described  elsewhere  (2),  are  not  pronounced. 

However,  cases  do  occur  in  which  one  sees  anatomical  evidence  which 
can  be  interpreted  as  combinations  of  both  "backward  heart  failure" 
and  "forward  failure".  Such  ca.ses  are  sometimes  seen  when  during  the 
course  of  a  period  of  "backward  heart  failure"  a  complicating  pidmonary 
embolization  or  coronary  occlusion  occurs.    With  this,-  one  observes  clin- 
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ically  the  sudden  superimposition  of  a  shock-like  state  in  a  picture  which 
had  previously  been  characterized  hy  congestive  heart  failure.  Under 
such  circumstances  one  may  find  focal  lobular  necrosis  in  the  liver,  while 
during  life  jaundice  may  have  been  noted. 

The  observations  which  we  have  recorded,  when  considered  in  the  light 
of  the  reflex  vasomotor  phenomena  which  we  have  mentioned  compel  us 
to  interpret  the  changes  in  the  liver  and  intestine,  as  due  to  an  active  con- 
gestion initiated  and  regulated  hy  vaso-depre.ssor  reflexes,  whose  afferent 
arc  has  its  origin  in  the  venae  cavae  and  right  auricle  rather  than  primarih- 
to  a  backward  pressure  due  to  overfilling  of  the  veins  by  the  heart.  Thus, 
these  lesions  represent  more  the  anatomical  result  of  the  compensatory 
vasomotor  changes  which  are  brought  into  play  to  prevent  overloading 
of  the  heart,  than  the  exclusive  effect  of  back  pressure. 
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THE  INFLUENCE  OF  PROTEIN  METAliOLISM  ON  THE 
DISTRIBUTION  OF  NITROGEN  COMPOUNDS  IN 
THE  LIVER 

ERNEST  P.  PICK,  M  I),  and  SUSI  GLAUBAC'H,  M.D.,  Ph  I). 

[From  the  Laboratories  of  The  Mount  Sinai  Hospital,  New  York,  and  the  Beth  Israel 

Hospital,  Newark] 

In  recent  years  numerous  papers  on  fat  and  cai-bohydrate  metabolism, 
a-s  well  as  on  liver  ferments,  hormones,  and  vitamins,  have  greatly  clarified 
the  important  role  of  the  liver  in  metabolism.  Our  information  about  the 
relations  of  the  liver  to  the  total  pi  otein  economy,  nevertheless,  still  remains 
very  limited.  The  influence  of  the  liver  on  the  protein  content  of  the 
blood  has  been  as  clearly  recognized  by  experimental  pathologists  as  by 
clinicians.  Of  significance  is  not  only  the  fact  that  the  liver  produces 
fibrinogen;  e\-en  more  important  is  the  observation  that  the  albumin- 
globulin  ratio  in  liver  disease  shifts  in  the  direction  of  a  globulin  increase. 
The  importance  of  the  liver  for  protein  metabolism  can  be  demonstrated 
as  well  by  the  widespread  clinical  use  of  protein  precipitation  reaction 
in  the  blood  of  patients  with  liver  disorders,  as,  for  example,  the  Takata 
and  Weltmann  (1)  reactions  which  are  probably  caused  by  the  appearance 
of  altered  proteins.  Finally,  we  know  from  the  liver-extirpation  experi- 
ments of  Mann  and  Magath  (2)  that  the  complete  failure  of  urea  produc- 
tion is  accompanied  by  an  increased  amino  acid  content  of  the  blood  in 
hepatectomized  animals;  the  excretion  of  tyrosine  and  leucine  in  acute  liver 
atrophy  has  been  known  ever  since  its  discovery  by  Frerichs. 

As  limited  as  oiu-  knowledge  of  the  liver's  influence  on  protein  and  nitro- 
gen metabolism  in  the  blood  may  be,  even  less  is  known  about  the  changes 
of  the  protein  and  other  nitrogen  compounds  in  the  normal  and  disea.sed 
liver.  Earlier  in\-estigations  (3)  have  confirmed  the  belief  that  the  protein 
content  of  the  liver  in  acute  and  chronic  liver  atrophy  is  significantly  de- 
creased, but  the  non-coagulable  nitrogen  is  relatively  increa.sed;  on  the 
other  hand,  in  cloudy  or  albimiinous  swelling,  liver  protein  doubles  (4). 
More  recent  in\  estigations  on  the  behavior  of  liver-nitrogen  under  patho- 
logical conditions  have  been  performed  by  Elias  and  Kaunitz  (5)  and  their 
collaborators.  They  have  shown  that  in  the  rabbit's  liver  oxygen  de- 
ttciency  produces  a  loss  of  protein,  but  at  the  same  time  an  increa.se  of  the 
non-protein  nitrogen,  especially  the  nitrogen  of  urea  and  amino  acids. 
Similar  changes  also  occur  in  the  livers  of  dogs  in  which  pancrca.s-diabetes 
has  been  induced  experimentalh*.    It  is  noteworthy  that  in  both  instances 
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normal  conditions  may  again  be  restored  through  the  administration  of 
dextrose  or  insuUn. 

At  this  stage  of  our  knowledge  it  seemed  to  be  of  interest  to  investigate 
the  behavior  of  liver-nitrogen  under  the  influence  of  various  dietary  dis- 
turbances and  poisons  which  produce  changes  in  protein  metabolism.  For 
this  purpose  the  following  experiments  were  performed. 

MATERIAL  AND  METHODS 

The  experiments  were  carried  out  on  guinea  pigs  which  were  prepared  in 
the  following  ways:  1)  in  some  smirvy  was  induced  by  a  \  itamin  C-free 
diet;  2)  others  were  given  thyroxine  for  various  lengths  of  time;  3)  some  were 
treated  with  theophylline;  4)  still  others  with  calomel;  and  finally  5)  separate 
experiments  were  made  on  guinea  pigs  sensitized  with  hoise  serum. 

In  previous  experiments  one  of  us  (6)  found  it  convenient  to  determine 
the   percentage-ratio   of   non-coagulable   nitrogen   to   total  nitrogen: 

non-coagulable  nitrogen  ^  ,rvn  ^  u-  u     u  u      c       i      u     •  *u 

 ^-j — -.  —  X  100  (which  will  be  referred  to  herein  as  the 

total  nitrogen 

nitrogen  coefficient).  Male  guinea  pigs  of  250  to  300  gm.  weight  were 
used.  For  three  to  four  weeks  they  were  kept  on  a  diet  consisting  of  a 
mixture  of  80  per  cent  ground  oats  and  20  per  cent  bran;  in  addition,  5cc. 
of  lemon  juice  were  administered  dail,v  to  each  animal  (Diet  I).  In  some 
experiments  the  diet  consisted  of  oats  and  fresh  cabbage  leaves  as  a  source 
of  vitamin  C  (Diet  II).  In  the  scurvy  experiments  the  guinea  pigs  were 
fed  oats  and  bran  without  lemon  juice  or  cabbage.  In  the  thyroxine  ex- 
periments diet  I  was  used;  0.1  to  0.2  mg.  of  thyroxine  were  injected  for 
four  to  six  consecutive  days.  Twenty-four  hours  after  the  last  injection, 
the  animals  were  killed  by  bleeding.  The  theophylline  animals  received 
diet  I  for  eight  days,  and  were  then  injected  subcutaneously  on  every  third 
day  of  a  fourteen  day  period  with  0.12  mg.  of  theophylline  sodium  acetate 
per  1  gm.  body  weight;  on  the  fourteenth  day  after  the  beginning  of  the 
treatment  they  were  bled.  The  animals  treated  with  calomel  were  kept 
on  diet  II;  0.1  gm.  of  calomel  was  suspended  in  water  and  administered 
orally  by  syringe;  twenty-four  hours  later  the  animals  were  killed  by 
bleeding.  Sensitizing  by  horse  serum  was  accomplished  by  subcutaneous 
injection  of  0.5  cc.  of  serum;  fourteen  days  later  the  animals  were  killed. 
The  determination  of  total  nitrogen  and  non-coagulable  nitrogen  in  the 
liver  pulp  w^as  performed  as  described  in  the  paper  of  Hashimoto  and 
Pick  (6). 

RESULTS 

1.  Nitrogen  coefficient  in  the  liver  of  normal  guinea  pigs.  Fourteen  ani- 
mals were  used  for  the  determination  of  normal  values,  and  were  fed  a 
vitamin-rich  diet  for  three  to  four  weeks. .  Nine  of  them  received  diet  I 
and  five  of  them  received  diet  II.    The  mean  values  of  the  liver-nitrogen 
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in  the  first  gi-oup  were  as  follows:  Total  nitrogen  (T.X.),  3.25  per  cent; 
non-roagiilable  nitrogen  (X.P.X.),  0.35  per  cent;  the  nitrogen  coefficient 
X  P  N 

being  ^  ^ —  X  100  =  10.7,  with  a  standard  error  of  ±  0.2.    The  mean 

\'alues  of  the  second  group  were  as  follows:     Total  nitrogen,  3.47  per  cent; 
non-coagulable  nitrogen,  0.35  per  cent;  and  the  nitrogen  coefficient 
1 0,1),  with  a  standard  error  of  =b  0.3.    The  percentage-ratio  of  the  non- 
coagulable  nitrogen  to  the  total  nitrogen  in  the  liver  of  the  normal  guinea 
pig  thus  fluctuates  between  10.0  and  10.7. 

2.  Nitrogen  coefficient  in  the  liver  of  scurvy  guinea  pigs.  The  results  of 
the  analysis  of  scorbutic  livers  show  a  significant  deviation  from  the  normal 
guinea  pig  livers.  The  mean  values  of  scurvy  livers  are:  Total  nitrogen, 
3.33  per  cent;  non-coagulable  nitrogen,  0.47  per  cent;  the  nitrogen  co- 
efficient being  14.1.  The  fact  that  the  livers  of  .scorbutic  animals  contain 
a  larger  amount  of  non-coagulable  nitrogen  substances  than  the  normal 
liver  may  well  be  related  to  the  evident  inability  of  vitamin  C-deficient 
animals  to  cai'ry  out  many  syntheses  necessary  for  cell  growth  (7).  It  is 
well  known,  for  example,  that  collagen  formation  ceases  (8)  in  animals  and 
humans  with  ascorbic  acid  deficiency;  that  wounds  heal  badlj'  or  not  at 
all  (9) ;  that  the  first  and  sometimes  the  only  morbid  effect  of  C-avitaminosis 
is  capillary  fragility  (10);  that  the  antibody  production  is  greatly 
diminished  (11);  and  that  only  the  addition  of  ascorbic  acid  restores  the 
lo.st  ability  to  the  normal  level.  Levine  and  his  collaborators  (12)  recently 
obser\"ed  that  premature  infants  receiving  diets  of  relatively  high  protein 
content  and  vitamin  C-free  cow's  milk  exhibit  a  spontaneous  defect  in 
their  metabolism  of  tyrosine  and  that  of  phenylalanine;  this  defect  is 
manifested  by  the  excretion  of  p-hydroxyphenyl-lactic  and  p-hydroxy- 
phenyl-pyru\ic  acids  in  the  urine.  \'itamin  C  administration  abolishes 
the  urinary  excretion  of  these  abnormal  metabolites.  Sealock  (13)  and 
his  a.ssociates  found  that  the  feeding  of  /-phenylalanine  to  vitamin  C'-de- 
ficient  giiinea  pigs  results  in  the  excretion  of  tyrosine  metabolites  such  as 
p-hydroxyphcnyl-pyrvn'ic  acid,  homogentisic  acid  and  an  a-keto-acid. 
Administration  of  ascorbic  acid  promptly  prevents  the  excretion  of  these 
metabolites.  The  question,  howe\er,  whether  at  this  point  there  also 
exists  a  specific  incompetence  of  the  liver  to  utilize  supplied  nitrogen  prod- 
ucts cannot  be  decided  without  due  consideration  of  the  general  disturbance 
of  metabolism.  .111  the  scorbutic  guinea  pigs  suffer  proportionally  large 
losses  of  weight.  In  our  animals  this  loss  varied  between  16.1  and  43.5 
per  cent  of  the  original  weight.  It  is  probable  that  this  rajiid  catabolism 
in  the  ti.ssues  causes  the  change  in  the  nitrogen  coefficient  in  the  liver, 
although  vitamin  C  deficiency  itself  undoubtedly  constitutes  the  initial 
cause  of  this  phenomenon. 

Our  assumption  that  the  changes  in  the  liver's  nitrogen  coefficient  ai"e 
non-specific  is  supported  by  further  experiments  with  substances  which, 
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though  acting  in  a  different  way,  induce  a  rise  in  metabolism  and  a  dis- 
integration of  proteins.  For  this  purpose,  thyroxine,  calomel,  and 
theophylline  were  administered. 

3.  Nitrogen  coefficient  in  the  liver  of  guinea  pigs  treated  with  thyroxine. 
Although  on  a  vitamin-rich  diet,  the  nine  animals  of  this  series  lost  from 
8  to  17.4  per  cent  of  their  initial  weight,  in  spite  of  this,  the  total  nitrogen 
in  the  liver  amounted  to  3.43,  the  non-protein-nitrogen  to  0.37  per  cent  and, 
therefore,  the  nitrogen  coefficient  did  not  deviate  significantly  from  the 
normal;  it  yielded  a  mean  of  10.8  which  about  corresponds  to  the  normal 
guinea  pig  liver.  This  demonstrates  that  a  moderate  loss  of  weight,  caused 
mainly  by  increased  degradation  of  fat  and  glycogen  and  accompanied  by 
only  a  slight  destructive  metabolism  of  proteins,  had  no  effect  upon  the 
nitrogen  coefficient  of  the  liver.  This  coefficient,  however,  was  enhanced 
in  two  animals  which  were  subjected  to  prolonged  thyroxine  treatment, 
and  which  showed  severe  cachectic  symptoms.  Thej'  suffered  a  loss  of 
weight  of  24.5  and  31.2  per  cent  respectively,  with  a  nitrogen  coefficient 
in  the  liver  of  13.8  and  16.6.  These  values  correspond  to  the  nitrogen 
coefficient  values  ob.served  in  scurvy.  Since  it  has  been  suggested  (14), 
however,  that  the  body's  demand  for  vitamin  C  is  increa.sed  in  thyroxine 
poisoning,  the  question  must  be  left  open  as  to  whether  this  increa.se  of  the 
nitrogen  coefficient  is  a  direct  effect  of  thyroxine  poisoning  or  is  the  result 
of  vitamin  C  deficiency,  which  itself  has  been  brought  about  by  thyroxine. 

Jf.  Nitrogen  coefficient  in  the  liver  of  guinea  pigs  poisoned  by  calomel.  In 
these  experiments,  in  which  the  liver  as  well  as  the  intestines  were  directly 
affected  by  calomel  poisoning,  profound  and  rapid  changes  in  the  protein 
metabolism  of  the  liver  could  be  observed.  The  six  animals  of  this  .series 
showed  a  notable  increase  of  non-coagulable  nitrogen  in  fresh  liver-pulp: 
the  total-nitrogen  yielded  on  the  average  3.37  per  cent;  the  non-protein- 
nitrogen,  0.50  per  cent  and  the  mean  value  of  the  nitrogen  coefficient 
was  14.9.  Here,  too,  the  source  of  the  protein-degradation-products 
stored  in  the  liver  is  not  known.  Further  experiments  are  planned  to  .show 
how  poi.soning  by  metals  and  other  organic  substances  affect  the  nitrogen 
coefficient  of  the  liver  and  to  explain  more  thoroughly  the  mechanism  of 
these  metabolic  disturbances  in  the  liver. 

•5.  Nitrogen  coefficient  in  the  liver  of  guinea  pigs  treated  with  theophylline 
and  horse  serum.  These  substances,  which  have  been  investigated  in 
numerous  experiments,  neither  produced  any  considerable  loss  of  weight 
nor  disturbed  the  distribution  of  nitrogen  in  the  liver.  The  mean  value 
of  the  total  nitrogen  in  the  liver  was  in  the  theophylline  animals,  3.13  per 
cent;  in  the  sen.sitized  animals,  3.35  per  cent;  and  the  non-protein-nitrogen 
was  0.33  and  0.35  per  cent  respectively.  Thus,  the  nitrogen  coefficient 
in  these  experiments  was  practically  unchanged,  and  the  mean  values 
did  not  deviate  significantly  from  the  normal  10.4  and  10.5.  Table  1 
summarizes  the  results  of  the  preceding  experiments. 
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DISCUSSION 

A  survey  of  the  accompanying  table  (table  1)  reveals  that  the  nitrogen 
coefficient  (the  percentage-ratio  i)et\veen  non-coagulable  nitrogen  and 
total  nitrogen)  provides  an  interesting  biological  criterion  for  metabolism. 
It  appears  that  this  ratio  remains  constant  and  keeps  within  the  narrow 
margin  between  10.0  and  10.7.  Only  when  the  metabolism  itself  imdcrgoes 
any  I'eally  serious  disturl)ance,  such  as  in  vitamin  C-deficiency  and  in 
poisonings  by  calomel  or  prolonged  thyroxine  administration  leading  to 
severe  cachexia,  a  shift  appears  in  the  nitrogen  coefficient  of  the  normal 
liver,  and  the  liver  is  enriched  in  non-coagulable  nitrogen.  This  increase 
in  non-coagulable  nitrogen,  therefore,  seems  to  be  an  ominous  symptom 
of  .severe  metabolic  disturbance.  Further  investigations  will  have  to 
determine  the  nature  of  the  non-coagulable  nitrogen  products  in  the  liver. 

The  opinions  cited  herein  to  the  efifect  that  only  a  severe  metabolic 
disturbance  changes  the  ratio  of  non-coagulable  nitrogen  to  total  nitrogen, 


TABLE  1 


Nl'MBER  OF 
ANIMALS 

TREATMENT 

NITROGEN 
COEFFICIENT; 

STANDARD 
ERROR  OF 
X  COEFFICIENT 

LOSS  OF  WEIGHT 
IN  PER  CENT  OF 
ORIGINAL 
WEIGHT 

14 

Normal  animals 

10.4 

±0.2 

None 

12 

Scurvy 

H.l 

d=0.8 

16.1-43.5 

9 

Mild  thyroxine  poisoning 

10.8 

±0.3 

8-17.4 

2 

Severe  thyroxine  poisoning 

15.2 

±1.4 

24.5-31.2 

6 

Calomel  poisoning 

14-9 

±0.4 

10 

Theophylline  poisoning 

10.5 

±0.2 

None 

15 

Sensitization  with  horse  serum 

10.4 

±0.2 

None 

and  that  well  nourished  animals  show  no  change  in  the  nitrogen  coefficient 
even  under  the  influence  of  substances  such  as  moderate  thyroxine  or  theo- 
phylline treatment,  seem  to  indicate  a  different  explanation  for  the  results 
previously  published  by  Hashimoto  and  Pick  (6)  on  the  intravital  destruc- 
tive protein  metabolism  in  the  liver  of  sensitized  animals.  These  results 
were  probably  influenced  by  a  deficiency  in  the  diet  of  the  sensitized  guinea 
pigs.  All  our  experiments  on  well  nourished  guinea  pigs  which  were 
sensitized  with  horse  .serum  yielded  a  normal  nitrogen  coefficient  of  10.5 
with  a  standard  error  of  ±0.2.  Protein  sensitization  alone  does  not  seem 
to  cause  a  change  in  the  amount  of  non-coagulable  nitrogen  in  the  liver; 
and  there  is  no  basis  for  the  assumption  that  protein  .sensitization  leads  to 
an  "intravital  autolysis  in  the  liver." 

SUMMARY 

1.  The  nitrogen  coefficient,  the  ratio  in  per  cent  of  the  non-coagulable 

X  P  X 

nitrogen  ard  total  nitrogen  (=       „  "  X  100)  in  the  fresh  liver  of  normally 
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fed  guinea  pigs  without  disturbed  protein  metabolism  remains  constant 
and  approximately  amounts  to  10.5. 

2.  In  serious  metabolic  disturbances  caused  by  scurvy,  calomel  poisoning, 
and  severe  thyroxine  poisoning,  the  nitrogen  coefficient  is  increased  to  14.0 
and  above  by  accumulation  of  non-coagulable  nitrogen  compounds  in  the 
liver.  In  most  cases,  this  change  in  the  coefficient  is  correlated  to  the 
severity  of  the  metabolic  disturbance ;  it  may  thus  provide  a  useful  biologi- 
cal indicator  of  the  actual  extent  of  the  metabolic  upset. 

3.  Thyroxine,  in  doses  which  do  not  produce  symptoms  of  sev^ere  thyro- 
toxicosis, or  theophylline  does  not  affect  the  normal  nitrogen  coefficient; 
nor  does  sensitization  of  guinea  pigs  with  horse  serum. 
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THE  RELATIONSHIP  OF  BEXIGX  AND  -MALIGNANT 
HYPERTENSION 

GEORGE  \V.  PICKERING,  M.D. 
[Harefield,  Middlesex,  England] 

The  clear  differentiation  between  the  benign  and  mahgnant  forms  of 
essential  hypertension  dates  from  Volhard  &  Fahr's  classical  monogi-aph 
on  Bright's  Disease  published  in  1914  (18).  Subsequent  experience  has 
done  httle  more  than  amplify  Volhard's  chnical  description  of  the  two 
forms:  the  benign  characterized  by  a  moderate  hypertension,  good  renal 
function,  and  ending  after  a  long  course  in  heart  failure  or  cerebral  hemor- 
rhage; and  the  malignant,  affecting  an  earlier  age  group,  having  a  more 
severe  hj-pertension  and  distinguished  by  the  early  development  of  albu- 
minui  ic  retinitis  and  subsequent  rapid  renal  failure.  To  Fahr's  description 
of  the  kidneys  in  the  two  forms,  the  "einfache  blande  sclerose"  and  the 
"kombinationsform,"  he  himself  added  in  1919  (5)  what  has  subsequenth' 
been  recognized  as  the  essential  anatomical  basis  of  the  different  morbid 
appearances,  namely  the  occurrence  in  the  "kombinationsform"  of  necros- 
ing lesions  and  of  endarteritis  in  the  arterioles  of  the  kidney  and  to  a  le.ss 
extent  in  other  organs  except  skin  and  muscle.  One  important  question 
they  did  not  answer — that  of  the  relationship  between  the  two  forms — do 
the}'  represent  two  manifestations  of  the  same  disease  or  are  they  from  the 
start  distinct  entities.  The  essential  features  distinguishing  the  two  forms 
are  clinicallj^  the  appearance  of  albuminuric  or  hypertensive  neuro-retinitis 
and  pathologically  the  occurrence  of  arteriolar  necrosis  in  the  malignant 
form.  Recent  work  has  thrown  new  light  on  the  pathogenesis  of  these 
lesions  and  leads  to  a  simple  conception  of  the  relationship  between  the 
two  forms. 

Although  changes  in  the  eyegrounds  occur  in  both  the  benign  and  malig- 
nant forms  of  hypertension,  the  changes  characterizing  what  used  to  be 
termed  albuminuric  retinitis,  and  is  now  called  hypertensive  neuro-retinitis 
or  hypertensive  neuro-retinopathy  (7)  are  invariably  met  in  the  mahgnant 
form  and  are  absent  in  the  benign.  The  changes  ai"e  bilateral  and  when  fully 
developed  comprise  swelling  of  the  ner^•e-head  and  retina,  large  ill-defined 
white  patches  around  the  disc,  varying  numbers  of  hemorrhages  and  a 
macular  star  figure ;  the  retinal  arteries  are  usually  narrow  and  often  show 
sclerotic  changes,  though  they  are  frequently  so  obscured  by  edema  in 
parts  of  their  course  that  it  is  often  difficult  to  be  sure  how  much  varia- 
tions in  cahbre  are  truly  the  result  of  changes  in  their  walls.  Sometimes 
the  first  indication  of  the  onset  of  neuro-retinitis  is  papilledema,  but  I  have 
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seen  cases  in  wliich  a  large  ill-defined  exudate  in  one  fundus  was  the  initial 
change.  In  benign  hypertension  some  degree  of  retinal  arteriosclerosis  is 
the  rule;  otherwise  the  fundi  are  usually  normal  or,  less  often,  show  what 
Foster  Moore  first  distinguished  as  arteriosclerotic  retinitis  and  what  Fish- 
berg  and  Oppenheimer  (7)  prefer  to  call  arteriosclerotic  retinopathy.  Here 
the  changes  are  often  unilateral;  papilledema  is  uncommon  and  when  it 
occurs  is  usually  unilateral  and  often  transient;  the  exudates  are  small  and 
sharply  defined  and  the  macular  star,  if  present,  consists  of  dots  rather 
than  sheets  or  lines.  That  hypertensive  neuro-retinitis  results  from  the 
action  of  a  toxin  retained  or  liberated  by  a  diseased  kidnej'  has  now  been 
abandoned  in  defaidt  of  evidence,  and  it  is  now  widely  believed  that  the 
lesions  are  ischemic  in  origin.  The  evidence  for  this  view  is  that  the 
lesions  are  only  found  in  association  with  hypertension  which  it  is  now 
known  residts  from  narrowing  of  the  small  arteries  and  arterioles,  and  that 
extreme  narrowing  of  the  retinal  vessels  is  common  in  albuminuric  retinitis. 
Ojjinions  are  somewhat  di\  ided  as  to  whether  the  ischemia  results  from 
retinal  arteriosclerosis  or  from  vascular  spasm.  The  chief  proponent  of  the 
latter  view  is  \'olhard  (16)  who  cites  the  generalized  constriction  of  the 
retinal  arteries  seen  ophthalmoscopically,  and  the  absence  of  organic 
changes  in  the  retinal  arteries  in  two  cases  of  albuminuric  retinitis  examined 
histologically  hy  .Schieck  (14).  Because  he  did  not  stain  his  preparations 
for  fat,  Schieck's  findings  have  been  criticized  by  Verwej'  (15)  who  found 
lipoid  changes  in  the  retinal  arteries  of  two  ca.ses  of  albuminuric  letinitis. 
Friedenwald  (8)  also  has  demonstrated  the  frequency  of  lipoid  changes  in 
the  walls  of  retinal  arterioles  supplying  the  site  of  the  focal  changes  in 
albuminuric  retinitis  and  has  stressed  the  frequency  of  organic  changes  in 
the  central  artery  of  the  retina  in  cases  where  generalized  narrowing  of  the 
visible  retinal  arteries  is  found.  It  is  beyond  my  purpose  to  enter  further 
into  the  controversy  concerning  the  role  played  by  organic  and  spastic 
arterial  changes  in  the  causation  of  the  retinal  lesions  in  hypertension,  but 
I  take  this  opportunity  of  recording  that  I  have  never  seen  localized  retinal 
arterial  spasm  in  hypertension,  despite  a  persistent  search  for  it  over  a 
number  of  years;  in  this  my  experience  seems  to  coincide  with  that  of  most 
of  my  ophthalmological  colleagues  in  this  country. 

A  very  different  theory  of  the  origin  of  albuminuric  retinitis  was  put  for- 
ward by  Bordley  and  C'ushing  (3, 4)  in  1908  who  referred  the  lesions  to  raised 
intracranial  pressure,  for  they  found  a  raised  cerebrospinal  fluid  pressure  in 
many  such  cases  and  observed  similar  retinal  changes  in  about  14  per  cent 
of  their  br'ain  tumors;  further,  they  described  a  case  of  their  own  and 
(juoted  one  of  Bramwell's  (2)  in  which  the  retinitis  subsided  after  cerebral 
decompression.'    In  spite  of  the  fact  that  a  raised  cerebrospinal  fluid 

'  This  seems  to  be  an  exceptional  event.  Grant  (10)  has  described  cases  in  which 
decompression  was  done  for  a  suspected  brain  tumor  in  which  both  retinitis  and 
raised  cerebrospinal  fluid  pressure  persisted  after  operation. 
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pressure  has  been  described  in  many  cases  of  albuminuric  retinitis  since 
Gushing  and  Bordley's  time,  their  theory  has  never  won  support,  because 
it  fails  to  explain  the  striking  difference  between  the  typical  retinal  pictures 
of  tumor  of  the  brain  and  of  hypertensive  neuro-retinitis,  and  because  a 
raised  cerebrospinal  fluid  pressure  is  not  invariable  in  hypertensive  neuro- 
retinitis.  But  even  those  such  as  \'olhard  and  Fishberg  and  Oppenheimer, 
who  maintain  the  essentially  ischemic  origin  of  neuro-retinitis,  consider 
that  choked  discs  in  hypertension  are  usually  to  be  ascribed  to  raised 
intracranial  pressure. 

In  discussing  the  pathogenesis  of  the  retinal  lesions  in  hypertension,  we 
must  not  lose  sight  of  the  essential  issue,  namely  the  factor  which  is 
responsible  for  the  difference  between  the  so-called  albuminuric  and  arteri- 
osclerotic forms  of  retinitis,  for  it  is  not  merely  the  presence  of  retinal 
"exudates"  which  distinguishes  maUgnant  from  benign  hypertension,  it  is 
their  fluffy  character  and  the  presence  of  bilateral  papilledema.  I  am 
quite  prepared  to  admit  that  the  retinal  exudates  and  hemorrhages  in 
hypertension  are  most  probably  due  to  local  ischemia  resulting  either  from 
organic  or  functional  narrowing  of  the  arteries  concerned.  This  explana- 
tion applies  equally  to  the  focal  retinal  lesions  found  in  benign  and  maUg- 
nant hypertension  which  lesions  ^Nloore  (12)  considered  to  be  similar  in 
their  histological  appearances,  and  it  entirely  fails  to  account  for  the  essen- 
tial difference  between  the  two  retinal  pictures;  it  Is  indeed  unfortunate 
that  so  few  of  the  upholders  of  the  purely  ischemic  theory  have  directed 
their  thoughts  to  this  issue.  In  1934  I  published  the  results  of  cerebro- 
spinal fluid  pressure  measurement  in  37  cases  of  hypertension  (13).  In 
this  series  it  was  found  that  12  patients  with  a  cerebrospinal  fluid  pres- 
sure of  250  mm.  of  water  or  more  presented  albuminuric  retinitis,  or  subse- 
quently developed  it,  while  20  out  of  21  patients  with  lower  pressures  either 
had  no  retinal  lesion  other  than  arteriosclerosis,  or  had  the  retinal  appear- 
ances of  arteriosclerotic  retinitis;  three  patients  provided  an  intermediate 
group  in  which  the  cerebrospinal  fluid  pressure  was  sometimes  above  and 
sometimes  below  the  critical  level.  As  a  result  of  these  determinations  I 
suggested  that  the  diffei'ences  between  h5''pertensive  neuro-retinitis  and  arte- 
riosclerotic retinitis  were  due  to  the  presence  in  the  former  and  the  absence 
in  the  latter  of  an  intracranial  pressure  sufficiently  high  to  cause  accumula- 
tion of  fluid  in  the  nerve-head  and  retina.  In  its  full  form  this  hypothesis 
supposes  that  in  the  two  forms  of  retinitis,  the  "exudates"  and  hemorrhages 
have  a  similar  origin,  probably  a  local  circulatory  disturbance,  but  that 
in  neuro-retinitis  the  changes  of  neuro-retinal  edema  are  added  as  a  conse- 
ciuence  of  the  level  of  intracranial  pressure.  Some  objections  have  been 
raised  to  this  hA'pothesis.  Thus  Fishberg  (6)  states  that  he  has  encountered 
cases  with  neuro-retinitis  in  which  the  cerebrospinal  fluid  pressure  was  not 
raised.  I  published  one  such  case  and  I  have  subsequently  met  others; 
the  fact  therefore  is  not  disputed.    But  I  would  point  out  that  the  same  is 
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true  in  tumor  of  the  brain  (1),  where  it  is  not  very  rare  to  find  papilledema 
in  the  presence  of  a  normal  or  only  slightly  raised  cerebrospinal  fluid 
pressure,  and  where  nevertheless  it  is  generally  agreed  that  papilledema  is 
the  result  of  raised  intracranial  pressure.  Again  it  has  been  argued  that  the 
cerebrospinal  fluid  pressure  becomes  raised  in  congestive  cardiac  failure 
and  in  obstruction  of  the  superior  vena  cava  without  the  development  of 
neuro-retinal  edema.  This  also  is  true;  in  one  recent  case  of  bronchial 
carcinoma  obstructing  the  superior  vena  cava,  the  brachial  venous  pressure 
was  raised  by  30  cm.  and  the  cerebrospinal  fluid  pressiue  was  42  cm.  but 
papilledema  was  absent.  It  seems  clear  that  when  the  venous  pressure  is 
raised  throughout  the  head  and  neck,  papilledema  does  not  occur;  it  only 
occurs  when  there  is  a  rise  of  intracranial  pressure  due  to  an  intracranial 
al)normality.  I  cannot  therefore  accept  these  objections  as  disproving  the 
validity  of  the  hypothesis  presented,  which  seems  the  only  one  offering  an 
adequate  explanation  of  the  differences  between  the  retinal  pictures  found 
in  benign  and  malignant  hypertension.  In  my  series  I  could  only  find  one 
variant  clearly  related  to  the  cerebrospinal  fluid  pressure,  namely  the 
diastolic  arterial  pressure,  and  accepting  a  causal  relationship  between  the 
two  it  seems  more  likely  that  arteiial  determines  cerebrospinal  pressure 
than  vice-versa,  but  it  is  not  at  present  clear  how  this  relationship  is 
effected.  Now  the  diastolic  arterial  pressure  is  the  best  simple  index  of  the 
degree  to  which  the  peripheral  resistance  is  increased  during  h^-jjertension; 
for  the  systohc  is  greatly  influenced  by  the  elasticity  of  the  great  vessels. 
And  thus  it  seems  that  raised  intracranial  pressure,  the  factor  which  deter- 
mines the  retinal  picture  of  malignant  as  contrasted  with  benign  hyper- 
tension, is  a  consequence  of  the  severity  of  the  hypertension. 

In  1938  Goldblatt  (9)  reported  that  severe  constriction  of  the  renal 
arteries  in  dogs  might  produce  a  condition  resembling  malignant  hyper- 
tension in  presenting  gross  hypertension,  hemorrhages  into  the  gut  and 
progressive  renal  failure  during  life,  and  arteriolar  necrosis  in  many  organs, 
but  not  in  the  clamped  kidney,  after  death.  All  Goldblatt's  animals  pre- 
senting arteriolar  necrosis  had  both  grossly  raised  arterial  pressure  and 
renal  failure,  and  since  he  ne\'er  ob.served  arterial  changes  in  animals  with 
only  one  of  these  factors  present  he  concluded  that  both  were  involved  in 
the  production  of  the  lesions.  Shorth'  afterwards,  and  independently, 
Wilson  and  I  (19)  reported  acute  arteriolar  necrosis  and  endarteritis  in 
rabbits  in  which  Prinzmetal  and  I  had  produced  hypertension  by  a  modi- 
fication of  Goldblatt's  method.  These  lesions  were  found  chiefly  in  the 
gut,  but  also  in  liver,  suprarenal  heart  and  eye;  and  since  they  were  absent 
in  the  kidney  whose  renal  artery  had  been  clamped,  and  they  only  de- 
veloped in  animals  presenting  grosser  degrees  of  hypertension,  we  inferred 
that  a  grossly  raised  intravascular  pressure  was  the  chief  factor  in  their 
causation.  The  crucial  test  of  this  hypothesis  could  not  be  made  in  the 
rabbit  because  in  this  animal  it  is  impossible  to  produce  gross  hypertension 
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by  constricting  one  renal  artery  while  the  other  kidnej'  remains  normal. 
This  experiment  was  carried  out  in  the  rat  by  Byrom  and  Wilson  (20,  21) 
and  the  results  have  proved  most  illuminating.  They  found  that  arteriolar 
necrosis  developed  in  the  intact  but  not  in  the  clamped  kidney  of  animals 
with  hypertension,  a  finding  which  establishes  the  essential  role  of  the 
intravascular  pressure  in  the  pathogenesis  of  the  lesions.  They  showed 
further  that  the  arteriolar  and  parencln-mal  lesions  in  the  undamped 
kidney  both  in  their  acute  and  more  chronic  stages  duplicated  the  changes 
found  in  malignant  hypertension  in  man.  Finally  they  have  found  that 
when  these  changes  have  developed  in  the  undamped  kidney,  hypertension 
may  persist  after  removal  of  the  damped  kidney,  and  they  interpret  this 
as  demonstrating  that  these  lesions  interfere  with  the  blood  flow  through 
the  kidney  and  thus  contribute  to  the  maintenance  and  intensification  of 
the  hypertension.  In  other  words,  malignant  hypertension  is  a  vicious 
circle,  a  gross  hypertension  producing  renal  arteriolar  necroses  which  fur- 
ther intensify  the  hypertension  through  the  renal  ischemia  they  produce. 

Volhard  originally  pointed  out  that  the  diastolic  pres.sure  is  usually 
higher  in  mahgnant  than  in  benign  hypertension,  and  this  has  been  the 
experience  of  subsequent  writers;  thus  it  is  unusual  to  find  the  diastolic 
pressure  under  130  mm.  Hg.  in  malignant,  or  above  it  in  benign  hyper- 
tension. The  hj'^pertension  is  thus  in  general  more  severe  in  the  malig- 
nant than  in  the  benign  form  and  it  is  this  difference  in  severity  which,  as 
has  been  pointed  out,  accounts  for  the  chief  differences  between  them. 
^^Tiile  the  hypertension  thus  differs  in  degree,  does  it  also  differ  in  kind? 
Volhard  (16,  17)  has  divided  hypertension  into  two  forms,  pale  hyper- 
tension which  includes  nephritic  and  mahgnant  hypertension,  and  some 
less  common  varieties,  and  red  hypertension  which  is  synonymous  with 
benign  hypertension.  In  the  former  he  supposes  that  the  hypertension  is 
due  to  the  release  from  the  kidney  of  a  pressor  substance,  while  in  the 
latter  it  is  due  to  changes  in  elasticity  of  the  arteries  and  arterioles,  but 
the  supporting  evidence  which  his  pupils  adduced  has  not  been  confirmed. 
He  supposed  that  in  mahgnant  hypertension  arterial  constriction  in  the 
kidney  led  to  arteriolar  necrosis,  and  the  resultant  ischemia  intensified  the 
hypertension;  thus  there  would  exist  a  vicious  circle,  for  which  Wilson  and 
Byrom  have  pi'oduced  evidence,  though  their  explanation  differs  in  detail 
from  that  conceived  b.y  Volhard.  The  view  is  now  widely  held  that  in 
benign  hypertension  the  raised  pressure  is  also  renal  in  origin,  but  the  evi- 
dence on  which  this  view  is  ba.sed  is  still  equivocal.  At  the  present  time 
one  can  say  that  it  is  unnecessary  to  suppose  that  the  hypertension  differs 
in  kind  in  the  benign  and  malignant  forms,  though  no  final  conclusion  can 
be  dra\™  until  the  mechanism  whereby  the  pressure  is  raised  has  been 
conclusively  demonstrated  in  man. 

The  conception  of  the  relation.ship  of  benign  and  mahgnant  hypertension 
here  developed  allows  us  to  see  some  other  facts  in  their  true  perspective. 
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What  we  call  malignant  hypertension  frequently  develops  in  patients 
initially  presenting  a  condition  indistinguishable  from  benign  hypertension 
in  wliich  the  causal  lesion  is  not  accurately  known;  it  may  also  occur  in 
chronic  pyelonephritis  and  in  Cushing's  sjndrome;  finally  cases  of  true 
chronic  nephritis  in  its  terminal  stages  present  a  somewhat  similar  clinical 
picture  and  at  post-mortem  examination  may  show  arteriolar  necrosis. 
The  hypertension  may  also  follow  the  benign  covu'se  in  chronic  pyelo- 
nephritis and  in  Cushing's  syndrome,  and  in  some  cases  of  slowly  pro- 
gressi\e  chronic  nephritis  albuminuric  retinitis  is  not  found  in  life  nor 
arteriolar  necrosis  after  death.  Thus  we  see,  on  the  one  hand,  that  the 
causal  lesion  is  not  always  the  same  in  malignant  hypertension,  and,  on  the 
other,  that  a  given  kind  of  lesion  may  be  accompanied  bv  a  hypertension 
which  follows  either  the  benign  or  the  malignant  course.  These  features 
are  readily  explained  on  the  view  that  the  benign  and  malignant  courses 
of  hypertension  are  merely  expressive  of  the  severity  of  the  hypertensive 
process,  irrespective  of  the  lesion  which  ultimately  determines  it. 
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Report  of  a  Case  with  Unusual  Onset  and  Course 

DANIEL  POLL,  M.D. 
[Associate  Physician,  The  Mount  Sinai  Hospital] 

In  arriving  at  a  diagnosis  of  lung  abscess,  one  invariably  searches  for  an 
etiological  factor  to  fit  each  individual  case.  According  to  Wessler  (1) 
these  causative  factors  are  the  various  forms  of  pneumonia:  aspiration  of 
foreign  bodies,  often  while  the  patient  is  stuporous  or  unconscious;  post- 
operative (either  local  operations  on  the  nose  or  throat  or  abdominal 
surgical  procedures);  perforating  chest  wounds;  metastatic,  as  in  general 
blood  infections;  empyema;  and  neoplasms,  tuberculosis,  bronchiectases, 
actinomycosis,  diabetes,  syphilis  and  perforated  carcinoma  of  the  esopha- 
gus. The  aspiration  type  of  abscess  more  often  affects  the  upper  lobes, 
while  in  the  other  forms  the  lower  lobes  are  more  often  involved.  In  most 
instances  the  course  of  the  abscess  can  be  traced  from  its  supposed  etiology 
to  its  formation.  The  case  herein  reported  appears  to  differ  from  others, 
inasmuch  as  the  cause  is  by  no  means  clear  and  the  mode  of  onset  and 
course  unique. 

CASE  REPORT 

History  (Adm.  471710).  P.  L.,  a  male,  aged  58,  a  plumber  by  occupation,  was  first 
taken  ill  on  April  1,  1941.  The  onset  was  sudden  with  sharp  sticking  pain  in  the  left 
hypochondrium,  radiating  to  the  epigastrium  and  from  this  point  to  the  back.  Se- 
vere nausea,  weakness  and  sweating  were  concomitant  symptoms,  following  which 
the  patient  had  marked  cardiac  palpitation.  A  hypodermic  injection  of  morphine 
was  administered  and  in  about  one  hour  the  pain  subsided.  The  following  day  the 
temperature  was  101  °F.,  the  nausea  persisted,  but  there  was  no  vomiting.  Tender- 
ness and  dull  pain  were  present  in  the  left  hypochondrium  for  two  days.  From  the 
physician  who  attended  the  patient  during  this  attack  it  was  learned  that  there  were 
no  physical  signs  in  the  chest,  and  the  only  abdominal  finding  was  the  tenderness  in 
the  left  hypochondrium.  The  symptoms  subsided  completely  in  three  days  and  as 
there  was  no  further  temperature  elevation,  the  patient  was  allowed  to  be  out  of  bed. 
He  felt  weak  and  his  appetite  was  poor,  but  he  had  no  pain,  no  cough  or  difficulty  in 
breathing.    For  the  next  eight  days  he  was  symptom-free. 

I  saw  the  patient  for  the  first  time  on  the  evening  of  .\pril  8,  1941.  He  had  again 
experienced  sharp  pain  in  the  left  hypochondrium,  nausea,  sweating  and  a  sensation 
of  general  collapse.  The  clinical  picture  at  this  time  resembled  closely  that  seen  in 
acute  coronary  thrombosis.  The  patient  was  pale,  covered  with  cold  perspiration 
and  in  a  state  of  circulatory  collapse.  The  pulse  was  rapid  (114  per  minute)  and 
thready  and  the  respiratory  rate  was  28  per  minute,  regular  and  shallow.  Examina- 
tion of  the  chest  showed  only  a  few  fine  rales  at  both  bases.  The  heart  action  was 
rapid  and  feeble.    There  were  no  murmurs  and  the  heart  was  not  enlarged.  The 
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upper  half  of  the  abdomen  was  rigid  and  there  was  marked  tenderness  in  the  epi- 
gastrium and  right  hypochondrium.  There  was  no  free  fluid  in  the  abdomen.  The 
reflexes  were  normal  and  there  was  no  edema  of  the  extremities.  Owing  to  the  crit- 
ical condition  of  the  patient  no  detailed  history  could  l)e  obtained  at  the  time. 
The  urine  was  dear,  had  a  specific  gravity  of  1018,  showed  a  faint  trace  of  albumin, 
no  sugar  and  an  occasional  granular  cast.  Hlood  examination  showed  a  white  count 
of  18,000  with  79  per  cent  polymorphonuclear  leucocytes,  20  per  cent  small  lympho- 
cytes and  1  per  cent  eosinophiles.  Tlie  blood  pressure  was  110  systolic  and  80  di- 
astolic, and  the  temperature  99°F.  The  tentative  diagnoses  made  at  the  time  were 
coronary  thrombosis  or  an  attack  of  pancreatitis.  Morphine  sulfate  (gr.  ss  in  two 
doses  of  \  grain  each)  was  administered  and  the  patient  spent  a  comfortable  night. 
The  ne.xt  morning  his  general  condition  was  better,  the  pulse  slower  and  fuller,  but 
the  temperature  had  risen  to  102°F.  Examination  of  the  chest  revealed  numerous 
moist  rales  over  the  left  lower  lobe,  but  no  signs  of  consolidation.  The  upper  ab- 
domen was  still  rigid  and  the  tenderness  in  the  left  hypochondrium  persistetl.  The 
white  blood  count  had  risen  to  21.000  and  the  polymorphonuclear  count  to  82  per  cent 
of  which  the  segmenteil  forms  constituted  49  per  cent  and  the  non-segmented  33  per 
cent.  An  electrocardiogram  taken  on  this  day  showed  no  abnormalities.  The 
patient  was  able  to  give  a  history  and  stated  that  he  had  never  been  ill  up  to  the  time 
of  the  first  attack,  nine  days  previously.  He  had  never  had  a  cough  or  any  symptoms 
related  to  his  gastro-intestinal  or  genito-urinary  tract.  His  bowels  were  always  regu- 
lar. His  habits  as  to  diet,  coffee,  tobacco,  and  alcohol  were  very  moderate.  He 
stated  that  on  March  26.  1941  he  had  fallen  from  a  ladder  and  that  a  steel  file  that  he 
held  in  his  hand  had  struck  his  left  chest,  but  had  not  caused  a  flesh  wound.  He  hafl 
pain  in  the  left  chest  for  two  hours  after  the  accident  and  a  slight  cough  aVid  thought 
that  he  raised  a  slight  amount  of  blood-streaked  sputum  which  he  attributed  to 
bleeding  from  his  teeth,  which  might  have  been  struck  during  the  fall. 

Thinking  that  he  was  develo;jing  a  process  in  his  left  lower  lobe  he  was  given  one 
gram  of  sulfathiazole  every  four  hours. 

The  following  day  his  condition  was  worse.  The  temperature  had  risen  to  103°F. 
and  there  were  signs  of  fluid  in  the  left  chest.  Dyspnea  and  cyanosis  were  marked. 
Hospitalization  was  advised. 

After  admission  to  the  hospital  it  was  noted  that  the  fluid  in  the  left  chest  was 
accumulating  rapidly,  as  was  evidenced  by  the  dislocation  of  the  heart  and  trachea 
to  the  right.  X-ray  examination  of  the  chest  showed  a  large  accumulation  of  fluid 
extending  from  the  base  to  the  angle  of  the  scapula  on  the  left  side.  Aspiration  re- 
vealed bloodj'  fluid  of  which  150  cc.  were  withdrawn.  It  was  then  assumed  that  we 
were  dealing  with  a  pidmonary  neoplasm  which  had  ruptured  into  the  pleura.  Ex- 
amination of  the  fluid  showed  no  bacteria  and  no  tumor  cells.  X-ray  examination  of 
the  chest  the  following  day  showed  a  decreased  amount  of  fluid.  The  patient's 
temperature  kept  at  a  level  of  102°F.  and  the  white  blood  count  was  17,0(X)  with  82 
per  cent  polymorphonuclear  leucocytes.  The  following  day  the  fluitl  had  risen  to 
the  spine  of  the  scapula  and  aspiration  gave  200  cc.  of  thick  bloody  fluid,  the  ex- 
aminution  of  which  again  showed  no  tumor  cells,  but  the  presence  of  streptococcus 
viridans.  The  patient  continued  to  run  a  fever  between  102°  and  103°F.  and  de- 
veloped a  severe  cough  with  thin,  odorless,  mucoid  expectoration.  E^xamination  of 
the  sputum  for  tubercle  bacilli  was  negative.  The  chest  filled  up  within  twenty-four 
hours  after  it  had  been  partially  eniiJtied.  Further  x-ray  examinations  showed 
several  loculated  collections  of  fluid  and  marked  increase  in  size  of  the  right  hilum. 
A  diagnosis  of  metastatic  neoplasm  was  ventured  on  this  finding  by  the  x-ray  de- 
partment (Dr.  M.  Sussman). 

On  April  29,  1941  signs  of  a  localized  pneumothorax  were  made  out  in  the  left  axil- 
lary region.    A  needle  was  inserted  in  the  fifth  interspace  in  the  anterior  axillary  line 
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and  pointed  upward  and  inward.  Xo  fluid  was  obtained,  but  it  was  noted  that  the 
piston  of  the  syringe  was  pushed  upward,  undoubtedly  due  to  the  positive  intra- 
pleural pressure.  When  the  syringe  was  withdrawn  the  odor  of  the  gas  in  the  syringe 
was  noted  to  be  extremely  foul.  It  was  concluded  that  we  were  dealing  with  a  rup- 
tured lung  abscess,  causing  the  hemothora.x  and  immediate  operation  was  advised. 

The  patient  was  operated  by  Dr.  Arthur  Touroff  the  same  evening.  A  left  axillary 
incision  over  the  sixth  rib  was  made;  3|  inches  of  rib  resected  and  edematous  thick 
parietal  pleura  found.  Aspiration  yielded  thick  foul  pus.  The  pleura  was  incised 
and  1  litre  of  pus  evacuated  by  suction.  Just  below  the  incision  the  bronchial  fistula 
leading  into  a  small  abscess  cavity  was  found.  This  was  drained  and  the  cavity 
packed.  The  patient  suffered  somewhat  from  shock  and  immediately  after  the  oper- 
ation his  temperature  fell  to  96°F.  However,  he  made  a  rapid  recovery  and  was 
discharged  from  the  hospital  one  month  after  the  operation. 

SUMMARY 

1.  A  case  of  lung  abscess  with  loculated  empyema  possibly  caused  by 
trauma  to  the  chest  wall  without  a  perforating  wound,  but  with  a  possible 
deep  hematoma. 

2.  The  unusual  finding  of  the  foul  gas  without  pus  led  to  the  correct 
diagnosis. 
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POSTOPERATIVE  PRECIPITATION  OF  VITAMIN  B  COMPLEX 

DEFICIENCIES 


HERBERT  POLLACK,  M.D.,  MAX  ELLENBERG,  M.D.,  and 
HENRY  DOLGER,  M.D. 

[From  the  Surgical  Services  and  the  Metabolism  Clinic  of  The  Mount  Sinai  Hospital, 

New  York  City] 

The  nutritional  history  of  patients  w-ith  chronic  digestive  disturbances 
rccjuiring  surgical  therapy  is  often  marked  by  the  deA-elopmcnt  of  numerous 
inadequacies  of  vital  food  factors.  In  the  first  place  these  chronic  illnesses 
are  often  associated  with  anorexia  and  not  infrequently  with  vomiting. 
The  nature  of  the  illness  may  itself  occasion  a  therapeutic  i-estriction  of 
diet,  such  as  the  low  residue  or  l)land  diet. 

In  the  second  place  the  pre-operative  preparation  of  the  patient  in\  olves 
a  sharply  limited  diet,  especially  when  surgery  of  the  gastro-intestinal  tract 
is  contemplated.  The  administration  of  quantities  of  fluids  l)y  mouth  and 
intravenously  provides  the  added  effect  of  induced  diuresis  whereby  the 
excretion  of  water  soluble  vitamins  is  increased.  Pai-enterally  given  fluids 
usually  contain  glucose.  The  drain  on  the  \'itamin  economy  of  such  a 
high  carbohydrate  intake  has  been  recognized  for  a  long  time. 

The  tliird  important  consideration  is  the  operation  itself.  The  insult  of 
operative  trauma  as  well  as  the  deleterious  effect  on  the  liver  and  other 
organs  of  prolonged  anesthesia,  tend  to  disrupt  the  mechanism  of  action  of 
vitamins. 

A  fourth  factor  is  the  postoperative  period.  Here  one  encounters  post- 
anesthetic nausea  and  vomiting.  In  addition  the  necessity  often  arises 
for  complete  restriction  of  foods  as  after  partial  or  total  gastrectomy. 
Fluid  l)alance  is  maintained  by  the  continued  use  of  intravenous  fluids 
which  conta-n  glucose.  All  these  factors  add  up  on  the  debit  side  of 
nutritional  balance. 

With  these  factors  in  mind  a  study  was  made  of  a  number  of  actual 
cases.  Daily  rounds  were  made  on  one  male  surgical  ward  of  thirty-eight 
beds  at  The  Mount  Sinai  Hospital.  The  patients,  admitted  routinely, 
were  typical  of  an  active  surgical  ser^•ice  of  a  general  hospital.  A\'ithin 
the  short  space  of  one  month,  nine  patients  were  diagnosed  as  haA'ing  a 
deficiency  state  with  respect  to  one  or  more  components  of  the  vitamin  B 
complex.    The  clinical  histories,  in  summary,  are  as  follows: 

C.\SE  REPORTS 

Case  1.  History  {Adm.  4S7504).  ^I.  B.,  a  55  year  old  white  man  with  a  known 
peptic  ulcer,  had  been  on  a  modified  ulcer  regime  for  one  year,  with  persistence  of 
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pain  and  anorexia.  Symptoms  of  obstruction  led  to  his  admission  for  surgical  relief. 
Pre-operatively  he  was  treated  with  gastric  lavages  twice  daily  for  two  weeks.  Each 
day  for  one  week  before  operation  he  received  an  intravenous  infusion  of  1500  cc.  of 
5  per  cent  glucose  in  saline.  Under  general  anesthesia,  sub-total  gastrectomy  was 
performed.  Postoperatively  he  received  a  continuous  infusion  of  5  per  cent  glucose 
in  saline.  His  course  was  marked  by  the  development  of  a  duodenal  leak,  pneumonia 
and  urinary  retention.  He  was  given  10  mg.  of  thiamin  chloride  and  100  mg.  of  cevi- 
tamic acid  daily. 

Two  weeks  after  operation  he  complained  of  burning  of  the  tongue.  The  tongue 
was  red,  smooth,  dr\-,  and  had  a  glazed  appearance;  a  few  areas  showed  a  contrasting 
heavy  furring.  He  was  given  500  mg.  of  nicotinic  acid  each  day,  orally,  in  five  divided 
doses.  Symptoms  and  objective  findings  began  to  clear  dramatically  within  24  hours 
and  had  completely  subsided  in  5  days,.  Nicotinic  acid  was  continued  throughout 
the  rest  of  his  convalescence;  there  was  no  recurrence. 

Case  2.  History  (Adm.  4^8816).  G.  W.,  an  octogenarian,  was  admitted  for  pro- 
gressive symptoms  of  urinary  obstruction  which  gradually  became  complete. 
Throughout  this  period,  which  was  somewhat  more  than  a  year,  he  had  marked 
anorexia.  In  addition  to  the  indicated  urological  therapy  for  vesical  calculus  and 
hypertrophied  prostate,  he  was  given  10  mg.  of  thiamin  chloride,  100  mg.  of  cevitamic 
acid  and  100  mg.  of  nicotinic  acid  daily,  hy  mouth. 

Two  weeks  after  admission,  at  which  time  his  blood  urea  nitrogen  was  11  mg.  per 
cent,  he  was  noted  to  be  torpid,  unresponsive  and  dysarthric;  he  was  confused  and 
disoriented;  he  perseverated  in  speech  and  had  visual  hallucinations.  The  neuro- 
logical examination  was  negative,  except  for  a  generalized  tremor.  His  tongue  was 
beefy  red,  glazed,  and  swollen  and  interfered  with  cleansing  measures  in  the  mouth. 
He  complained  of  burning  of  the  tongue.  The  dosage  of  nicotinic  acid  was  immedi- 
ately increased  to  400  mg.  daily,  in  four  divided  doses.  His  appetite  improved 
remarkably.  Four  days  later  his  tongue  was  of  normal  size  and  contour  and  the 
burning  had  disappeared.  There  could  now  be  seen  a  deep  magenta  color  of  the 
tongue,  as  well  as  seborrhea-like  lesions  in  the  naso-labial  folds,  suggestive  of  a  ribo- 
flavin deficiency.  Three  days  after  this  observation  the  normal  landmarks  and 
papillae  of  the  tongue  were  all  present,  and  no  pathological  findings  were  visible. 
The  lesions  suggestive  of  ariboflavinosis  also  disappeared,  presumably  due  to  the 
increased  riboflavin  intake,  concomitant  with  the  increase  in  food  intake. 

Two  weeks  later,  a  suprapubic  cystostomy  was  performed,  and  the  postoperative 
course  was  uneventful.  Vitamin  therapj'  in  the  last  named  doses  was  continued  and 
no  deficiency  lesions  developed. 

Of  especial  interest  here  are  the  secondarj'  appearance  of  lesions  suggestive  of 
ariboflavinosis  which  cleared  with  continued  improvement  of  appetite  and  food- 
intake,  also  the  development  of  a  nicotinic  acid  deficiency  syndrome  in  spite  of  the 
prophylactic  use  of  100  mg.  of  this  vitamin  daily  by  mouth. 

Case  3.  History  (Adm.  459118).  J.  C,  a  68  year  old  man  developed  urinary 
difficulties  one  year  before  admission  as  a  result  of  an  old  urethral  stricture.  Inter- 
mittent febrile  episodes  and  progressive  anorexia  characterized  the  clinical  course. 
He  was  admitted  because  of  urinary  extravasation.  Under  general  anesthesia,  the 
extravasation  was  drained  and  a  supra-pubic  cystostomy  was  performed.  For  ten 
days  postoperatively  he  was  given  a  continuous  infusion  of  5  per  cent  glucose  in 
saline.    In  addition,  sulfanilamide  was  administered. 

Eight  days  postoperatively,  tht  nursing  stafi'  noted  unusual  difficulty  in  main- 
taining oral  hygiene.  His  tongue  now  was  thickened,  smooth,  red  and  glazed.  Its 
surface  was  marked  by  many  fissures  and  a  few  scattered  vesicles.    The  lips  were  dry. 
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pale,  and  macerated.  There  was  a  moderate  degree  of  seborrhea  along  the  alac  nasi. 
Definite  roughening  was  felt  on  the  skin  of  the  dorsum  of  the  hands.  There  was  no 
ealf  tenderness. 

Riboflavin  concentrate,  the  equivalent  of  40  mg,,  three  times  daily,  was  pre- 
scribed. In  two  days  his  lips  had  improved  markedly.  His  tongue  appeared  less 
angry  red.  In  five  days  his  lips  cleared  completeh-.  The  tongue  continued  to 
improve  and  it  was  felt  that  this  improvement  could  be  at  least  partially  related  to 
increased  intake  of  nicotinic  acid,  since  there  was  a  striking  improvement  in  his 
appetite  and  food  intake.  Because  of  the  relatively  slower  tempo  of  clearing  of  the 
smoothness  of  the  tongue,  he  was  given  500  mg.  of  nicotinic  acid  orally  each  da.y. 
This  removed  effectively  all  traces  of  tongue  abnormality.  Unfortunately,  this 
patient  later  developed  bilateral  pyelonephritis  and  bronchopneumonia  and  even- 
tually succumbed. 

Case  4-  History  {Adm.  4S89S3).  J.  P.,  a  40  j-ear  old  man,  had  had  an  appen- 
dectomy 16  years  prior  to  admission,  followed  by  an  anastomotic  operation  for  small 
intestinal  obstruction  6  years  later.  Since  then  he  had  suffered  from  dyspeptic 
symptoms  which  he  learned  to  relieve  by  a  soft,  low-residue  diet.  He  was  admitted 
to  the  hospital  and  operated  on  for  a  perforated  peptic  ulcer.  Postopcrativelj'  a 
Levin  tube  was  inserted  into  the  stomach  and  a  continuous  infusion  of  5  per  cent 
glucose  in  saline  was  administered  intravenously  for  a  prolonged  period. 

Two  days  later  he  comi)laincd  of  burning  tongue  and  soreness  of  the  mouth  which 
persisted  in  spite  of  the  local  application  of  mineral  oil,  frecjuent  mouth  washes,  and 
careful  oral  hj'giene.  The  tongue  was  enlarged  and  thickened;  there  was  an  uneven 
coating  with  intervening  smooth  patches  of  red,  and  a  few  small  fissures.  He  was 
given  300  mg.  of  nicotinic  acid  intravenouslj'  in  3  divided  doses  for  4  da\'s.  Within 
24  hours  there  was  a  definite  improvement  and  in  2  days  the  tongue  was  practically 
normal.    The  therapy  was  then  continued  orally. 

Case  5.  History  (Adm.  459673).  J.  B.,  a  42  year  old  man,  developed  symptoms  of 
acute  cholecystitis  7  weeks  before  admission,  which  had  not  subsided  completely 
when  he  entered  the  hospital.  During  this  seven  week  period  he  voluntarily  limited 
his  diet  to  low  residue  foods  with  almost  complete  abstinence  from  meats.  He  lost 
7  pounds  in  weight.  In  the  hospital^  a  cholecystectomy  and  a  choiedochostomy  were 
performed  for  subacute  cholecystitis  with  cholelithiasis  and  cholangitis.  Post- 
operativel}'  he  complained  of  abdominal  pain,  had  marked  anorexia,  and  ran  a  febrile 
course.  Two  months  after  his  first  operation  he  was  again  explored  and  a  common 
duct  calculus  ".as  found  and  removed.  For  one  week  postoperatively  a  continuous 
intravenous  infusion  of  5  per  cent  glucose  in  saline  was  maintained.  Fever  and 
anorexia  persisted;  three  weeks  later  a  third  operation  was  performed  and  1000  cc. 
of  bile-stained  pus  was  removed  from  a  subphrenic  abscess.  Again  an  intravenous 
infusion  of  5  per  cent  glucose  in  saline  was  administered. 

One  week  before  his  last  operation  (five  months  following  the  onset  of  his  illness), 
he  complained  of  a  "taste  of  bile"  in  his  mouth.  From  then  on,  he  complained 
intermittently  of  burning,  soreness,  and  numbness  of  the  tongue,  as  well  as  difficulty 
in  swallowing.  Two  days  before  his  third  operation  it  was  noted  that  his  tongue 
was  beefy  red,  fissured,  and  very  tender.  He  stated  that  in  addition  to  anorexia,  he 
was  unable  to  eat  much  because  of  the  pain  produced  in  his  tongue  bj'  any  foreign 
substance  in  his  mouth.  There  were  no  clinical  evidences  of  any  other  vitamin 
deficiencies.  The  tourniquet  test  was  negative.  He  was  given  100  mg.  of  nicotinic 
acid  intravenously  and  the  next  morning  the  swelling  of  his  tongue  had  considerably 
diminished,  his  appetite  had  increased,  and  he  ate  with  relative  comfort  for  the  first 
time  in  days.    Nicotinic  acid  was  then  administered  in  5  doses  daily  of  100  mg.  each 
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throughout  his  postoperative  period,  until  complete  convalescence.  The  tongue 
reverted  to  a  perfectly  normal  state  and  has  remained  so. 

Case  6.  History  (Adm.  4S8612).  K.  U.,  a  76  year  old  man,  had  a  history  of  epi- 
gastric pain,  anorexia,  and  weight  loss  for  a  period  of  two  and  one-half  years.  During 
the  year  preceding  admission,  the  symptoms  had  become  progressively  more  marked, 
with  severe  anorexia  and  constipation.  During  the  week  preceding  admission  there 
were  frequent,  intermittent  cramp-like  pains  and  repeated  vomiting.  On  admission 
he  had  classical  manifestations  of  an  obstructive  lesion  of  the  transverse  colon,  the 
presence  of  which  was  confirmed  b\'  a  barium  enema.  He  was  immediately  given  a 
continuous  intravenous  infusion  of  5  per  cent  glucose  in  saline  and  a  Levin  tube  was 
left  indwelling.  Four  da^'s  later,  under  general  anesthesia,  the  malignant  tumor  was 
removed,  and  a  temporary  colostomy  established.  The  intravenous  infusion  was 
maintained  for  5  days  postope^ativel3^  One  week  after  operation  he  was  started  on  a 
soft,  low  residue  diet. 

The  nurses'  records  at  this  time  made  note  of  the  fact  that  in  spite  of  frequently 
repeated,  painstaking  oral  hygiene,  the  patient  complained  of  pain  in  the  mouth; 
in  addition  he  had  foul  odor  of  the  breath.  The  pain  became  rapidly  worse  and  any 
attempt  at  eating  or  drinking  resulted  in  such  marked  discomfort  that  the  patient 
went  on  a  "hunger  strike."  His  mental  state  changed  so  that  he  became  uncoopera- 
tive, disoriented  at  times,  and  confused.  The  dentist  who  saw  him  noted  poor  oral 
hygiene  and  fiat,  light  tan  colored  serpiginous  patches  with  a  red  border  distributed 
over  the  mucosa  of  the  lips,  cheeks,  vestibule,  hard  palate,  facies  and  gingivae.  He 
was  treated  locally  with  gentian  violet.  The  lesions,  however,  progressed  so  that  two 
days  later,  there  were  also  present  ulcers  and  bullae  of  the  oral  mucous  membrane. 
He  complained  bitterly  of  burning  in  the  mouth  and  refused  even  water.  His  con- 
dition declined  rapidlj-.  The  tourniquet  test  was  negative  and  there  was  no  bleeding 
tendency.  There  was  no  evidence  of  peripheral  neuropathy  and  he  had  no  eye 
symptoms. 

For  purposes  of  control  he  was  started  on  riboflavin  10  mg.  three  times  a  day. 
After  twenty-four  hours  there  was  still  further  extension  of  the  oral  lesions.  There- 
fore, the  patient  was  treated  with  300  mg.  of  nicotinic  acid,  administered  intra- 
venously, in  three  divided  doses.  There  ensued  at  once  a  dramatic  change. 
Overnight  there  was  a  marked  decrease  in  his  symptoms.  He  began  to  eat  and  his 
mental  state  cleared  rapidly.  Objectively,  within  twenty-four  hours,  the  angry, 
grayish  slough  overlying  the  ulcers  cleared  considerably;  within  five  days  the  lesions 
had  entirely  cleared.  The  patient's  appetite  improved  markedly,  and  within  two 
weeks  he  had  gained  sufficient  strength  to  permit  the  surgeons  to  proceed  with  the 
closure  of  his  colostomy.  During  this  second  operative  period  vitamin  therapy  was 
maintained.    There  was  no  recurrence. 

We  feel  that  this  man's  life  was  saved  by  the  institution  of  specific  vitamin  therapy. 

Case  7.  History  (Adm.  463644).  A  34  year  old  dental  mechanic  entered  the 
hospital  because  of  massive  gastrointestinal  hemorrhage  manifested  by  tarry  stool, 
dizziness  and  weakness.  Two  years  previously  he  had  had  a  similar  episode  of 
severe  hematcmesis  and  melena.  Examination  then  led  to  the  diagnosis  of  Banti's 
syndrome  with  splenomegaly  and  bleeding  esophageal  varices.  Splenectomj*  was 
advised  and  performed  on  this,  his  second  admission. 

His  therapy  in  the  hospital  consisted  of  the  following  measures:  when  he  was  first 
admitted  he  was  given  a  transfusion  and  then  kept  on  a  continuous  intravenous 
infusion  of  5  per  cent  glucose  in  saline.  A  soft  diet  was  given  throughout  his  stay. 
After  three  weeks  of  hospitalization  he  went  home  for  two  weeks  to  arrange  his 
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affairs  and  then  returned  for  the  splenectomy.  Following  the  operation  he  ran 
persistent  fever  as  high  as  102°F.  for  many  weeks.  On  the  ninth  day  after  operation 
a  complete  dehiscence  of  the  wound  developed  with  protrusion  of  numerous  loops  of 
small  intestine  and  omentum.  Secondary  suture  was  performed  and  sulfanilamide 
administered.  A  continuous  intravenous  infusion  of  5  per  cent  glucose  in  saline,  such 
as  had  been  given  immediately  prior  to  and  following  the  operation,  was  again  started 
and  continued  for  five  days.  All  this  time  ho  was  hold  to  a  low  residue,  bland  diet. 
Two  weeks  postoperatively  he  was  given  100  mg.  of  nicotinic  acid.  100  mg.  of  cevi- 
tamic acid,  and  5  mg.  of  thiamin  chloride,  each  three  times  a  day.  For  the  ne.\t  week 
he  complained  of  uncomfortable  sensations  in  the  mouth  and  was  given  sodium 
perborate  mouth  washes  with  little  relief. 

He  was  seen  by  us  one  month  following  the  operation  at  which  time  he  presented 
the  syndrome  now  recognized  to  be  that  of  ariboflavinosis:  his  tongue  was  of  a  deep 
magenta  color  and  somewhat  smooth  at  the  edges,  and  without  the  fiery  redness  of 
nicotinic  acid  deficiencj'.  Cheilosis  with  slight,  superficial  fissuring  at  the  angles  of 
the  mouth  was  also  present.  In  addition,  his  gums  were  noted  to  be  purplish  in  color, 
heaped-up  and  edematous,  although  not  tender.  He  was  started  on  riboflavin 
concentrate,  equivalent  to  6  mg.  of  crystalline  vitamin  B2,  three  times  dailj'.  Before 
starting  therapy,  the  patient  had  begun  to  have  a  marked  increase  in  appetite  result- 
ing in  a  much  larger  consumption  of  food.  However,  with  the  administration  of 
riboflavin  there  was  a  prompt  disappearance  of  the  cheilosis  and  of  the  characteristic 
magenta  color  of  the  tongue.    The  gums  also  rapidly  receded  to  a  normal  state. 

This  case  is  of  especial  interest  in  that  a  patient  who  was  given  vitamin  B,,  vitamin 
C  and  nicotinic  acid  in  large  doses,  developed  an  isolated,  clear-cut  riboflavin  de- 
ficiency which  responded  to  specific  therapy.  Especial  attention  is  drawn  to  the 
appearance  of  the  gums,  as  we  have  observed  this  to  be  one  of  the  earliest  and  most 
characteristic  signs  of  avitaminosis  as  manifested  in  the  mouth. 

Case  8.  History  {Adm.  462S50).  X  71  year  old  man  had  been  having  urinary 
difficulties  for  six  years.  The  symptoms  had  become  progressively  worse,  so  that 
episodes  of  retention  had  occurred.  He  would  relieve  the  retention  by  self-cathe- 
terization.  For  several  months  prior  to  admission  his  appetite  had  been  poor,  and 
his  food  intake  correspondingly  low.  On  examination  in  the  hospital,  in  addition 
to  his  large  prostate  and  distended  bladder,  he  was  found  to  be  emaciated  and  to 
have  a  swolle.i  red  tongue. 

Bilateral  vasectomy  and  suprapubic  cystotomy,  were  done  at  once.  Three  weeks 
after  admission  a  second  stage  prostatectomy  was  done  and  he  was  given  a  continuous 
intravenous  infusion  of  5  per  cent  glucose  in  saline.  One  month  after  admission  he 
was  started  on  10  minims  of  viosterol  and  10  mg.  of  vitamin  Bi,  each  twice  daily,  as 
well  as  4  daily  doses  of  100  mg.  of  vitamin  C. 

Five  weeks  after  admission  his  tongue  was  noted  to  be  fiery  red,  smooth,  and 
glazed.  Small  ulcerations  were  also  present  on  its  surface.  He  complained  of 
marked  dryness  of  the  mouth.  Therapy,  unfortunately,  was  not  started  until  one 
week  later  by  which  time  he  had  developed  a  right-sided  parotitis.  He  was  then 
started  on  riboflavin  and  nicotinic  acid  in  large  doses,  but  his  condition  declined 
rapidly,  and  he  died  shortly  after  the  onset  of  the  parotitis. 

This  case  illustrates  the  need  for  early  recognition  of  these  lesions  and  prompt 
institution  of  appropriate  therapy.  It  lends  further  support  to  our  impression  that 
at  least  some  of  the  cases  of  postoperative  parotitis  that  one  encounters  are  directly 
caused  by  avitaminosis  B.  The  mechanism  would  appear  to  lie  in  ulceration  of  the 
buccal  mucous  membrane  and  coincidentally  of  the  mucosa  localized  within  the 
papilla  of  Stcnson's  duct. 
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Case  9.  History  (Adm.  453047).  A.  A.  was  a  known  diabetic  of  mild  degree  who 
had  a  13  year  history  of  peptic  ulcer.  Since  then  he  had  followed  a  modified  dietary 
regime  for  ulcer  supplemented  by  the  use  of  alkali  therapy.  Four  years  prior  to 
admission  a  gastroenterostomy  was  performed.  Two  and  one-half  years  later,  be- 
cause of  persistent  pain  and  recurring  bleeding,  a  pyloric  exclusion  operation  was 
done.  He  i-eentered  the  hospital  now  because  of  recurrence  of  pain  and  tarrj-  stools. 
X-ra3'  examination  confirmed  the  clinical  impression  of  a  jejunal  ulcer.  He  was 
treated  with  continuous  milk  drip  and  alkali  therapy,  and  because  of  gastric  reten- 
tion, a  gastric  lavage  was  performed  twice  a  day. 

This  patient  was  seen  by  us  two  days  pre-operatively,  at  which  time  his  tongue 
appeared  red,  thickened,  and  smooth.  He  complained  of  burning  of  the  tongue.  He 
was  immediately  started  on  vitamin  therapy  which  included  300  mg.  of  nicotinic 
acid,  100  mg.  of  cevitamic  acid,  30  mg.  of  thiamin  hydrochloride,  and  18  tablets  of 
brewer's  j'east  daily,  in  divided  doses.  The  oral  manifestations  quickly  cleared. 
He  underwent  a  secondary  subtotal  gastrectomy  and  jejuno-jejunostomy.  Post- 
operativelj'  he  was  given  a  continuous  intravenous  infusion  of  5  per  cent  glucose  in 
saline  for  seven  days.  Vitamin  therapy  was  continued  in  the  above-stated  dosage. 
The  patient  had  no  recurrences  of  his  oral  manifestations. 

DISCUSSION 

The  clinical  manifestations  of  vitamin  deficiencies  can  be  roughly  classi- 
fied into  two  divisions.  In  one  are  the  chronic  insufficiencies  which  develop 
over  a  long  period  of  time;  these  are  the  most  common.  In  the  other  group 
are  cases  presenting  the  phenomena  of  a  clinically  manifest  deficiency 
state  which  has  been  precipitated  acutely.  The  latter  type  is  seen  in 
patients  who  have  had  a  prolonged  period  of  minimal  vitamin  intake 
sufficient  to  prevent  clinical  symptoms  under  ordinary  circumstances,  but 
insufficient  to  supply  the  necessary  reserve  for  a  sudden  increase  in  meta- 
bolic demands.  By  the  very  nature  of  the  differences  of  these  two  groups, 
the  symptomatology-  of  the  lesions  would  be  expected  to  differ.  Our  cases 
fall  into  the  latter  category. 

It  is  not  the  purpose  of  this  discussion  to  suggest  that  all  pre-operatiA  e 
or  postoperative  patients  be  given  "shot-gun"  mixtures  of  the  known 
vitamins  promiscuously,  but  rather  to  point  out  the  necessity  for  specific 
therapy  where  definitely  indicated. 

The  deficiencies  observed  in  these  patients  were  apparently  related  to 
the  vitamin  B  complex  alone.  Their  oxevt  symptomatology  was  specifi- 
cally characteristic  of  nicotinic  acid  and  riboflavin  insufficiencies.  It  must 
be  assumed,  however,  that  deficiencies  of  other  members  of  the  vitamin  B 
complex  whose  specific  syndromes  are  not  yet  recognized  may  have  also 
existed.  The  symptoms  common  to  most  of  these  patients  were  anorexia, 
burning  tongue,  general  malaise,  and  unrest.  The  signs  included  mental 
confusion  or  apathy,  cheilosis,  angular  stomatitis,  bullous  and  ulcerative 
lesions  of  the  oral  mucous  membrane  and  tongue,  and  a  smooth,  red,  beefy, 
glazed  tongue.  AMien  riboflavin  deficiency  predominated  one  observed  a 
typical  magenta-color  of  the  tongue,  purplish  cyanosis  and  edematous 
hypertrophy  of  the  gingival  tissue,  especially  marked  in  the  interdental 
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delta,  and  aural  and  malar  seborrhea.  It  is  important  to  note  that  none 
of  these  patients  presented  diarrhea  and  only  one  showed  mild  clianfj,es  of 
the  skin  on  tlie  dorsum  of  the  liands.  Xo  eonjimeti\  al  or  corneal  changes 
were  observed,  but  most  of  our  patients  were  too  ill  to  j^ermit  slit-lamp 
examinations.  Xeuritic  manifestations  were  absent  in  this  series. 
Tourniciuet  tests  revealed  no  abnormality  indicati\  e  of  increased  capillaiy 
fragility-.  PostoperatiAe  bleeding  was  not  observed  in  any  of  these  pa- 
tients. None  of  the  skin  or  eye  manifestations  usually  associated  with 
vitamin  A  deficiency-  were  observed. 

These  findings  lead  one  to  a  conclusion  the  importance  of  which  is 
greater  than  the  subject  under  immediate  discussion.  The  food  intake 
of  these  patients  with  chronic  prolonged  illness  leading  to  major  surgery 
is  all  too  frequently  deficient  in  the  vitamin  B  complex,  but  apparently 
contains  adequate  amounts  of  the  other  vitamins.  The  foods  which  these 
people  most  often  omit  from  their  diet  are  the  whole  grain  products, 
parenchymatous  organs,  rare  cooked  meats,  raw  fruits,  leguminous  vege- 
tables because  of  the  resulting  tendency  to  abdominal  distension,  and  nuts 
for  the  same  reason  as  well  as  for  economy.  The  elimination  of  these  foods 
removes  the  major  possible  supply  of  the  vitamin  B  complex. 

The  imjjortance  of  these  findings  is  reflected  in  two  ways:  1)  in  the 
mortality  late;  and  2)  in  the  time  required  for  con^•alescence.  There  is 
no  question  about  the  fact  that  at  least  one  of  these  patients  (Case  6) 
would  have  died  had  he  not  receixed  specific  therapy;  we  feel  that  Case  8 
may  well  have  been  saved  had  therapy  been  instituted  at  an  early  stage. 
^^'hile  it  is  difficult  to  estimate  the  saving  in  time  required  for  convalescence, 
the  subjective  sense  of  well  being  and  the  enormous  increase  in  appetite 
which  immediately  followed  the  therapy  were  definite  demonstration  in 
this  limited  group  of  cases  of  the  conversion  of  a  failing  patient  into  a 
rapidly  convalescent  one. 

The  most  satisfactoiy  and  logical  form  of  therapy  is  prophylactic.  In 
the  pre-operative  preparation  of  this  type  of  patient  close  attention  should 
be  paid  to  the  nutritional  status.  "WTien  the  history  indicates  a  prolonged 
period  of  restricted  diet,  special  efforts  should  be  made  to  determine  which 
articles  of  food  have  been  omitted.  The  pre-operative  examination  should 
include  a  careful  inspection  of  the  lips,  gums,  tongue,  and  oral  mucous 
membrane  in  order  to  detect  the  possible  presence  of  deficiency  states. 

The  nature  of  the  illness  of  many  of  these  patients  precludes  intensive 
oral  therap>'.  The  question  of  the  ability  of  the  gastro-intestinal  tract  to 
absorb  the  vitamins  under  certain  conditions  must  also  be  considered. 
In  this  connection,  reference  .should  be  made  to  Case  2  in  which  the  full 
blown  oral  syndrome  of  nicotinic  acid  deficienc}'  developed  in  spite  of  the 
administration  of  100  mgs.  daily  per  os  for  10  days.  In  addition  attention 
should  be  called  to  the  incompleteness  of  therapy  when  a  limited  number  of 
components  of  the  vitamin  B  complex  are  given  as  in  Case  7  in  which  the 
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patient  received  nicotinic  acid,  vitamins  Bi  and  C,  yet  developed  a  classical 
picture  of  ariboflavinosis,  which  responded  to  riboflavin.  In  other  words, 
the  whole  vitamin  B  complex  fortified  by  nicotinic  acid  and  riboflavin 
should  be  administered,  ^^^lere  oral  therapy  is  not  possible,  the  parenteral 
routes  should  be  used. 

Therapy  directed  toward  the  relief  of  acute  symptoms  must  of  course  be 
intensive.  Three  hundred  milligrams  of  nicotinic  acid  daily,  given  intra- 
venously in  divided  doses,  is  adequate,  in  our  experience,  to  reheve  the 
symptoms  within  forty-eight  hours.  Fifteen  milligrams  a  day  of  riboflavin 
by  mouth  is  a  sufficiently  large  dose  of  this  component.  Liver  extract 
intramuscularly  will  supply  the  rest  of  the  members  of  the  vitamin  B  com- 
plex. As  soon  as  the  patient  is  able  to  eat  a  full  diet,  these  supplementary 
vitamins  may  be  discontinued. 


A  QUANTITATIVE  METHOD  FOR  DETERMIXIXG  COLLATERAL 
CORONARY  C I RCULATION' 


Prelimixary  Report  on  Normal  Hu\lvn  Hearts 

MYROX  PRINZMETAL,  M.D.,  STUART  KAYLAXD,  M.D. 
C.  MARGOLES,  M.D.,  and  L.  J.  TRAGERMAN,  M.D. 

[From  the  Research  Laboratory  of  the  Cedars  of  Lebanon  Hospital  and  the  University  of 
Southern  California  Medical  School] 

Numerous  studies  have  been  made  on  the  collateral  circulation  of  the 
heart.  It  is  the  purpose  of  this  study  to  investigate  two  important  cjiies- 
tions.  First,  does  collateral  circulation  exist  between  the  right  and  left 
coronary  arteries  of  the  normal  human  heart?  Second,  if  such  channels 
exist,  what  is  the  volume  of  blood  which  can  be  carried  by  these  collateral 
vessels? 

Regarding  the  first  question,  two  separate  opinions  seem  to  be  prevalent. 
First,  Gross  (4)  and  Spalteholz  (6)  believed  that  anastomotic  vessels  are 
not  present  normally  in  youth  and  developed  normally  only  with  age.  On 
the  other  hand,  Blumgart,  Schlesinger,  and  Davis  (1)  in  a  very  extensive 
and  comprehensive  study  believed  that  normally  no  effective  collateral 
circulation  exists  in  the  normal  heart  regardless  of  age,  but  only  develops 
if  cardiac  di.sease,  especially  coronary  artery  disease,  is  present. 

Regarding  the  second  question,  that  is,  the  volume  of  the  collateral 
circulation,  if  such  exists,  nothing  i^eems  to  be  known.  \'arious  substances 
such  as  gelatin,  agar,  celloidin,  waxes,  starches,  dyes  and  metals  (7)  have 
been  injected  into  one  coronary  arter\'  and  attempts  were  made  to  see  if 
any  of  these  entered  the  other  coronary  artery.  Occasionally,  some  of  the 
injected  material  has  been  found  in  the  opposite  ve.ssel.  Such  observations 
give  no  information  whatsoever  of  the  percentage  of  blood  that  can  flow 
from  one  side  to  the  opposite.  It  is  only  b\'  knowing  the  volume  of 
blood  in  terms  of  percentages  of  total  coronarj'  flow  that  the  relative  effec- 
tiveness of  such  flow  can  be  understood.  It  maj^  be  pointed  out  that  all 
of  the  numerous  studies  on  this  subject  have  been  qualitati\  e  and  none 
quantitative. 

We  have  attempted  to  answer  these  (luestions  in  the  normal  heart  by 
means,  of  a  modification  of  Dock's  ingenious  kero.sene  perfusion  method 
(3).  In  earlier  efforts  the  measurement  of  flow  through  the  coronary 
arteries  by  means  of  perfusion  was  inaccurate  because  of  the  rapid  onset 

'  Endowed  by  grants  from  the  Dazian  Foundation  for  Medical  Research  and  the 
Beaumont  Trust  Fund. 
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of  edema  of  the  vascular  walls,  which  progressively  interfered  -with  the 
circulation.  Dock  conceived  the  idea  of  perfusing  the  heart  \\-ith  a  fluid 
which  did  not  collect  in  the  tissue  spaces  of  the  vessel  wall  and  cause 
edema.  He  chose  kerosene  for  this  purpose  and  has  already  added  sub- 
stantially to  our  knowledge  of  blood  flow  in  normal  and  hypertrophied 
hearts  (3).  He  has  also  applied  this  method  to  the  kidnej^  (2).  Dock 
kindly  demonstrated  his  method  to  us  and  we  desire  to  take  this  opportu- 
nity to  thank  him. 


Fig.  1.  Diagram  of  perfusion  apparatus 

A,  Starling  valve. 

B,  Mercury  manometer. 

Ci  and  C2,  Reservoirs  for  air  under  pressure,  maintaining  an  even  flow. 

Di  and  D2,  Mercury  manometers  measuring  pressure  at  outlet  of  perfusion  bottles. 

El  and  E2,  Graduated  perfusion  bottles. 

Fi  and  F2,  Clamps  to  stop  flow  of  kerosene. 

Gl  and  G2,  Reservoirs  for  excess  kerosene. 

PRINCIPLE  OF  METHOD 

We  have  modified  Dock's  method  so  that  it  can  be  used  for  the  stud}'  of 
collateral  circulation  of  the  heart.  Briefly,  the  principle  of  the  method  is 
as  follows:  Both  coronary  arteries  are  cannulated  and  perfused  with  kero- 
sene at  constant  known  pressures  by  means  of  two  separate  perfusion 
systems  (fig.  1).  The  flow  through- each  artery  while  both  are  being  per- 
fused at  the  same  pressure  is  measured.  One  coronarj'  artery  is  occluded 
suddenly  by  clamping  the  tube  proximal  to  the  cannula  but  the  flow 
through  the  opposite  coronary  is  not  interrupted  and  is  maintained  at  the 
same  pressure  as  before.  If  the  flow  through  the  unobstructed  vessel 
increases,  it  must  indicate  that  new  channels  are  being  utilized  to  allow 
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more  fluid  to  flow  into  tlic  heart.  Knowing  tlio  flow  before  the  opposite 
vessel  was  occhided,  the  increase  in  flow  must  necessarily  be  due  to  fluid 
going  through  the  collateral  circulation.  The  percentage  of  collateral 
circulation  can  thus  be  readily  calculated. 

DETAILS  OF  METHOD 

Hearts  obtained  from  post-mortem  examinations  were  kept  at  4°C.  for 
approximately  twenty-four  hours  and  then  incubated  at  37°C\  in  normal 
saline  for  four  hours  in  order  to  overcome  rigor  mortis.  Metal  cannulae- 
(largest  ones  that  fit  coronary  ostiae  snugly)  were  then  tied  securely  in 
place  in  the  mouths  of  the  right  and  left  coronary  arteries  after  dissecting 
away  the  connective  tissue  around  each  orifice  to  insure  a  secure  hold  for 
the  suture.  Two  large  clamps  were  then  placed  so  as  to  cut  off  most  of 
the  circulation  to  the  auricles;  but  not  to  impede  or  obstruct  the  coronary 
circulation  of  the  ventricles  or  the  venous,  return.  A  further  purpose 
served  by  the  clamps  was  to  suspend  the  heart  from  two  ring  stands  in  a 
vertical  plane  while  the  heart  was  being  perfused.  In  order  to  allow  the 
perfusion  fluid  to  escape,  a  small  nick  was  made  in  the  coronary  .sinus. 

Constant  pressure  was  maintained  by  means  of  a  Starling  valve  (A), 
the  amount  of  pressure  being  deteimined  by  a  mercury  manometer  (B) 
and  checked  by  two  mercury  manometers  (Di  and  D2)  placed  between  the 
kerosene  periusion  bottles  and  the  mouths  of  the  coronaries,  thus  checking 
the  pressure  practically  at  the  cannulae. 

Perfusion  bottles  were  graduated  and  the  time  intervals  required  for  a 
set  amount  of  kero.sene  to  flow  into  the  heart  determined  by  means  of  stop- 
watches. In  this  manner,  the  rate  of  flow  could  be  determined  for  each 
side  independently  (by  shutting  oft"  the  opposite  perfusion  system  with  a 
clamp  at  F)  or  for  each  side  while  the  opposite  side  was  being  perfused  also 
(no  clamp  at  F).  The  procedure  was  then  i-epeated  to  make  sure  checks 
could  be  obtained.  After  doing  this  for  both  the  right  and  left  sides,  a 
calculation  could  be  made  as  follows: 

Total  flow  =  Flow  on  left  plus  flow  on  right. 

(with  opposite  perfusion  system  in  operation;  no  clamps 
at  F) 

Collateral  flow  =  Independent  flow  (left  plus  right;  with  clamps  at  F)  minus 
total  flow. 

„       ,  Collateral  flow 

%  Collateral  =  —  —          X  100 

Total  flow- 
Flow  on  left  =  Flow  on  left  with  opposite  perfusion  system  in  operation. 
Collateral  flow 

(left  to  right)    =  Flow  on  left  with  opposite  perfusion  system  clamped  minus 
flow  on  left  with  opposite  perfusion  system  in  operation. 


^  Obtained  from  Harvard  Apparatus  Company,  Dover,  Mass. 


93G 


PRINZMETAL,  KAYLAXD,  MARGOLES  AND  TRAGERMAN 


Percentage  collateral 

Collateral  flow  (left  to  right) 

(left  to  nght)  =  ^— ^  X  100 

t  low  on  left 

Flow  on  right  =  Flow  on  right  with  opposite  perfusion  system  in  operation. 
Collateral  flow 

(right  to  left)  =  Flow  on  right  with  opposite  perfusion  system  clamped 
minus  flow  on  right  with  opposite  perfusion  system  in 
operation. 

Percentage  collateral 

Collateral  flow  fright  to  left) 

(right  to  left)  =  X  100 

r  low  on  right 

As  a  preliminary,  the  heart  was  perfused  with  one  Uter  of  kerosene  at 
200  mm.  Hg  to  further  remove  rigor  of  the  vessels  and  wash  out  the  blood. 
Thereafter,  the  perfusion  pressure  ased  in  most  cases  was  100  mm.  Hg, 
except  in  instances  of  children's  hearts  when  75  mm.  Hg  was  used  or  hyper- 
tensive hearts,  when  150  mm.  Hg  was  the  perfusion  pressure.    Two  observ- 

Example  of  procedure 


LEFT  COBONABV 

RIGHT  COBONABY 

Calculated 

Calculated 

Pressure 

Amt. 

Time 

flow  per 

Pressure 

Amt. 

Time 

flow  per 

minute 

minute 

mm. 

cc. 

seconds 

.  cc. 

mm. 

cc. 

seconds 

cc. 

100 

200 

28.4 

422 

100 

100 

200 

26.8 

448 

0 

(clamp  at  Fj) 

100 

200 

28. 

429 

100 

100 

200 

27.2 

441 

0 

(clamp  at  Fj) 

100 

100 

100 

30 

200 

0 

(clamp  at  Fi) 

100 

100 

27.6 

217 

100 

100 

100 

30.4 

197 

0 

(clamp  at  Fi) 

100 

100 

27.2 

220 

Total  flow  =  425.5  cc.  +  198.5  cc.  =  624  cc.  per  minute 
Collateral  flow  =  (444.5  cc.  +  218.5  cc.)  -  (425.5  cc.  +  198.5  cc.)  =  39  cc. 
per  minute 
%  Collateral  =  6.25% 
Flow  on  left  =  425.5  cc.  per  minute 
Collateral  flow 

(left  to  right)    =  444.5  —  425.5  =  19  cc.  per  minute 
Percentage  collateral 

19 

(left  to  right)  =    X  100  =  4.45% 

425.5 

Flow  on  right  =  198.5  cc.  per  minute 
Collateral  flow 

(right  to  left)    =  218.5  -  198.5  =  20  cc.  per  minute 
Percentage  collateral 


(right  to  left) 


=  ,7;^  X  100  =  10.5% 


COLLATERAL  CORONARY  CIRCULATION 


937 


ers  were  required,  one  to  operate  the  stop-watch,  carefull>'  watching  the 
graduations  in  the  perfusion  bottle,  and  the  other  to  place  and  remove 
clamps  as  directed  and  to  record  the  time  interval  indicated  on  the  stop- 
watch. In  order  to  obtain  continuity,  two  stop-watches  were  necessary, 
so  that  there  would  be  no  loss  of  time  from  the  end  of  one  observation 
period  to  the  start  of  the  next.  The  amount  timed  was  usually  one  gradua- 
tion or  100  cc,  unless  the  time  required  was  less  than  ten  seconds,  in  which 
event,  two  graduations  (200  cc.)  were  timed. 

RESULTS 

This  procedure  was  performed  on  12  normal  hearts.  The  results  are 
given  in  table  1.    It  maj'  be  seen,  with  one  exception,  that  collateral 


TABLE  1 


.\GE 

SEX 

AMODNT  OF  COLLATERAL 
CIKCOLATION 

PER  CENT  COLLATERAL 

CC. 

3 

M 

5.5 

3.2 

6 

M 

21.0 

5.6 

21 

F 

53.0 

8.6 

23 

F 

28.0 

5.4 

23 

F 

21.0 

4.6 

27 

M 

37.5 

5.2 

36 

M 

0 

0 

40 

F 

52.0 

5.6 

40 

F 

5.0 

0.8 

51 

F 

24.0 

5.4 

51 

F 

86.0 

5.2 

67 

M 

40.0 

6.4 

circulation  existed  between  the  right  and  left  coronary  arteries.  The 
average  collateral  circulation  was  25.4  cc.  of  blood  per  minute  which  was  4.16 
per  cent  of  the  total  coronary  blood  flow. 

In  addition  to  the  calculations  of  the  total  collateral  flow,  calculations 
were  made  to  determine  the  amount  and  percentage  of  collateral  flow 
from  the  left  to  the  right  coronary  artery,  and  from  the  right  to  the  left 
coronary  artery.  In  the  12  normal  hearts,  the  average  flow  from  the  left 
to  the  right  coronary  arter\'  was  19.2  cc.  or  4.55%  of  the  average  flow 
through  the  left  coronary  artery;  from  the  right  to  the  left  coronary  artery 
the  average  flow  was  only  6.2  cc.  or  4.05%  of  the  average  through  the  right 
coronary  artery.  The  reason  for  the  differences  between  the  amount  of 
collateral  flow  from  right  to  left  coronary  artery  and  the  loft  to  right 
coronary  arterj'-  in  the  same  heart  is  not  obvious.  The  amounts  vary  from 
heart  to  heart  and  are  not  all  in  the  same  direction.  This  difference  may 
be  due  to  imperfections  in  technique.    However,  the  possibilitj'  also 
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exists  that  there  may  be  anatomic  variations  in  the  communicating  vessels 
branching  so  that  in  one  direction  there  is  a  partial  valve-like  obstruction 
caused  by  this  branching. 

We  do  not  presume  that  the  values  obtained  by  the  kerosene  perfusion 
method  are  the  same  as  those  found  during  life.  However,  as  Dock  (3) 
has  pointed  out,  they  do  represent  a  fair  indication  of  that  which  exists 
in  the  normally  beating  heart. 

We  have  not  performed  enough  experiments  to  know  whether  the  col- 
lateral circulation  is  greater  in  later  than  in  early  life,  but  in  five  hearts  of 
individuals  under  the  age  of  twenty-seven  the  average  magnitude  of  col- 
lateral flow  was  approximately  the  same  as  that  of  the  three  hearts  of 
individuals  djing  of  conditions  other  than  cardiac  disease  over  the  age 
of  forty.  If  the  volume  of  the  collateral  circulation  increases  with  age, 
it  seems  probable  that  such  increase  is  not  particularly  high.  Further 
studies  are  now  being  performed  to  determine  quantitatively  the  changes 
occurring  with  age. 

X-R-\Y  STUDIES  BY  A  MODIFIED  SCHLESINGER  METHOD 

One  of  the  most  significant  advances  in  the  study  of  collateral  circulation 
of  the  heart  was  by  Schlesinger  (5).  Schlesinger  modified  Gross'  method 
in  that  after  injecting  the  coronary  arteries  with  radiopaque  material,  the 
heart  was  dissected  and  unrolled  so  that  all  the  vessels  were  on  one  plane, 
after  which  the  x-ray  was  taken.  This  method  is  of  great  value  in  demon- 
strating the  presence  or  absence  of  coronary  disease.  Since  it  was  im- 
portant for  us  to  be  sure  that  the  arteries  in  our  series  were  normal,  Schlesin- 
ger's  method  was  adopted  but  two  important  modifications  were  made, 
which  we  feel  give  added  information. 

1.  Schlesinger's  lead-agar  does  not  penetrate  into  all  vessels  smaller 
than  40  microns  in  diameter.  This  mixture  is  three  times  as  viscous  as 
blood.  Since  a  great  deal  of  blood  can  pass  through  vessels  smaller  than 
40  microns,  it  was  decided  to  use  a  radiopaque  mixture  ha^-ing  physical 
properties  similar  to  that  of  blood,  which,  therefore,  would  go  into  the 
smaller  vessels.    We  consequently  used  the  mixture  employed  by  Dock  (3) : 

Two  hundred  fifty  grams  of  lead  carbonate  and  50  gm.  mercuric  sulfide  with 
500  cc.  water  were  mixed  in  a  ball  mill  jar  to  get  a  fine  suspension  (Solution  A). 
Then,  to  500  cc.  water,  120  gm.  sucrose  and  60  gm.  "Difco"  Gelatine  were  added 
(Solution  B).  The  latter  was  warmed  to  50°C.  with  constant  shaking.  Solutions  A 
and  B  were  then  mixed  and  filtered  through  two  layers  of  wet  cheese  cloth  and  the 
mi.xture  wa.s  placed  in  the  icebox  until  needed.  The  mixture  was  injected  directly 
into  the  cannulae,  making  certain  that  no  air  was  admitted.  About  100  cc.  of  mixture 
heated  to  50°C".  was  placed  in  a  heavy  walled  250  cc.  Erlenmeyer  flask  and  injected 
at  150-200  mm.  Hg  measuring  the  pressure  with  a  mercury  manometer.  After  injec- 
tion the  mixture  was  hardened  in  an  icy  saline  bath,  taking  care  to  turn  the  heart 
from  side  to  side  to  prevent  settling  on  anj^  particular  side.  After  hardening,  the 
injected  mass  remained  hard  even  at  room  temperature. 
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Tho  specific  viscosity  of  this  mixture  was  detenniiied  by  means  of  a  Sa}'- 
bolt  Universal  \'iscosinu'ter.  It  was  found  to  Ix'  5.40  as  compared  with 
4.07  for  blood.  It  is  thus  apparent  that  if  this  mixture,  having  a  visco.sity 
slightly  gr(>ater  than  blood,  pa.s.ses  through  collateral  vessels,  normal  blood 
shoukl  pa.ss  through  the  same  channels. 

2.  At  first  we  injected  both  arteries  and  then  took  x-rays.  We  used  a 
different  dye  for  each  side,  but  abandoned  this  because  their  rapid  diffusion 


Fig.  2.  27  year  old  male  tliotl  of  uremia  following;  pyelonephritis.  Only  left 
coronary  artery  injected. 

IS,  interventricular  .septum. 

R(",  right  coronary  artery. 

LDC,  descending  hran(4i  of  left  coronary. 


with  resultant  mixture  of  color  made  it  impossible  to  decide  definitelj- 
about  collateral  circulation  by  this  method.  So  many  overlapping  vessels 
existed  at  the  junctional  zone  that  it  was  impossible  to  decide  if  there  were 
direct  communications.  For  this  reason,  we  have  been  injecting  only  one 
coronarj'  artery  and  then  taking  the  x-ray  (fig.  2  and  fig.  3).  If  the  mate- 
rial is  found  on  the  opposite  side,  it  must  mean  collateral  circulation  is 
present.  If  coronary  disease  was  found  in  the  x-ray  and  in  the  subsequent 
dissection,  such  hearts  were  not  included  in  this  series. 
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When  the  opaque  mixture  was  injected  into  either  the  right  or  left 
coronarj'  artery,  the  entire  arterial  system  was  filled.  This  is  also  true  of 
the  infant's  heart  which  was  injected  from  one  artery  only  (fig.  4).  Even 
in  the  only  heart  in  which  no  collateral  circulation  was  revealed  by  the 
perfusion  study,  we  were  able  to  demonstrate  that  a  communication  must 
be  present.  Injection  of  the  right  coronary  arterj'  resulted  in  a  filling 
of  the  entire  coronary  arterial  tree. 

We  have  found  that  all  the  vessels  can  be  filled  in  normal  hearts,  if  the 
opaque  mass  is  injected  into  only  the  anterior  descending  or  the  circumflex 
branch  of  the  left  coronary  artery  (fig.  5).  This  indicates  that  collateral 
circulation  exists  to  that  important  vessel  which  is  subject  to  so  much 
occlusive  disease,  both  acute  and  chronic.  The  volume  of  the  collateral 
circulation  to  the  branches  of  the  main  coronary  arteries  is  now  being 
determined  by  a  modified  perfusion  method. 

It  was  considered  theoreticall}'  possible  that  the  radiopaque  mass  might 
consist  of  particles  smaller  than  red  blood  cells  and  pass  through  channels 
which  are  too  small  to  accommodate  red  blood  cells  and,  therefore,  have  no 
clinical  significance.  For  this  reason,  in  one  preliminaiy  experiment, 
100  cc.  of  whole  oxalated  blood  with  a  red  blood  count  of  3,300,000  per 
vu.  mm.  and  hemoglobin  61%,  were  injected  into  the  left  coronarj^  artery  of 
an  infant's  heart  age  6  weeks.  In  a  few  minutes  the  blood  appeared  in  the 
cannula  tied  into  the  mouth  of  the  right  coronary  artery.  Determinations 
of  the  red  blood  count  and  hemoglobin  of  the  blood  collected  from  the 
cannula  in  the  right  coronary  were  essentially  the  same,  the  red  blood 
count  being  2,980,000  per  cu.  mm.  and  the  hemoglobin  63%.  From  these 
preliminary  ob.servations  which  are  now  being  repeated  and  amplified, 
it  is  concluded  that  the  diameters  of  the  collateral  vessels  are  large  enough 
to  accommodate  red  blood  cells.  In  the  future  we  plan  to  determine  the 
exact  size  of  collateral  vessels  by  injecting  particles  of  varying  diameters, 
and  also  determine  the  size  of  the  collateral  vessels  in  diseased  hearts. 

DISCUSSION 

In  this  report,  we  have  presented  only  the  results  of  our  findings  in  nor- 
mal hearts.  The  important  problem  of  the  volume  of  the  collateral 
coronary  circulation  of  diseased  hearts  will  be  considered  in  a  subsequent 
publication. 

The  important  question  that  is  raised  immediatelj^  is  how  beneficial  to 
the  heart  is  collateral  circulation  in  the  range  indicated  by  these  observa- 
tions. Is  the  amount  sufficient  to  prevent  infarction?  Investigators  in 
the  past  have  usually  stated  that  collateral  circulation  was  or  was  not 
important  without  knowing  its  exact  volume.  We  feel  that  the  im- 
portance of  collateral  circulation  depends  upon  its  magnitude  plus  other 
circumstances  to  be  described  below.  This  problem  \\-ill  be  discussed  more 
thoroughly  in  a  later  paper  now  in  preparation  on  arteriosclerotic  hearts. 
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Here,  however,  they  may  be  briefl}^  referred  to  by  simply  stating  that  it 
would  seem  to  us  that  the  effectiveness  of  the  collateral  circulation  depends 
upon  two  factors  other  than  the  magnitude  of  the  collateral  circulation: 
the  size  of  the  occluded  vessels  and  the  metabolic  needs  of  the  ischemic 
muscle. 

If  the  occluded  vessel  is  large,  collateral  cii-culation  would  help  preserve 
the  periphery  of  the  infarcted  area,  but  the  central  zone  would  necessarily 
undergo  necrosis.  If  the  ischemic  area  is  very  small,  any  collateral  circu- 
lation may  be  sufficient  to  maintain  completely  the  metabolic  needs  of  that 
area  so  that  no  functional  insufficiency  or  structural  change  of  that  area 
results.  If  the  ischemic  area  is  intermediate  in  size,  varving  degrees  of 
myocardial  insufficiency  without  necrosis  might  take  place  because  the 
blood  supply  is  .sufficient  to  mahitain  the  anatomical  integrity  of  the 
muscle,  but  insufficient  to  perform  its  normal  function. 

Finally,  the  metabolic  needs  of  the  muscle  must  be  considered.  If  the 
work  of  the  heart  is  very  small  at  the  time  of  and  following  the  occlusion, 
the  metabolic  needs  of  the  infarcted  area  will  be  relatively  small  so  that  a 
relatively  small  amount  of  collateral  circulation  may  be  sufficient  to  main- 
tain the  anatomic  and  functional  integrity  of  the  heart.  If,  on  the  other 
hand,  the  metabolic  demands  of  the  muscle  are  increased  as  a  result  of 
increa.sed  work,  which  may  result  from  lack  of  proper  rest,  valvular  dis- 
ease, increased  metabolism  from  hormonal  stimulation,  etc.,  functional 
changes  Avith  or  without  striking  myocardial  changes  are  more  likely  to 
occur. 

There  is  another  point  that  needs  emphasis.  The  collateral  vessels  in  a 
normal  heart  are  already  present  and  are  ready  to  function  immediately 
if  the  blood  suppl}^  to  any  area  is  decreased. 

CONCLUSIONS 

1.  A  quantitative  method  for  determining  the  percentage  of  collateral 
circulation  between  the  right  and  left  coronary  arteries  is  presented. 

2.  This  procedure  was  performed  on  12  normal  hearts  from  patients 
ranging  in  age  from  three  to  sixty-seven  years.  Collateral  circulation  was 
found  in  all  but  one;  the  range  being  from  0  to  8.6  per  cent.  The  average 
value  obtained  was  4.16  per  cent.  The  average  flow  from  the  left  to  right 
coronary  artery  was  19.2  cc.  or  4.55%  of  the  flow  through  the  left  coronary 
arterj'^,  while  the  aA'erage  collateral  flow  from  the  right  to  the  left  coronary 
artery  was  6.2  cc.  or  4.05%  of  the  flow  through  the  right  coronary  artery. 

3.  The  collateral  circulation  which  has  been  demonstrated  between 
normal  coronary  arteries,  is  ready  to  function  immediately  when  the  need 
arises.  , 

4.  If  a  radiopaque  substance,  having  a  viscosity  approximately  that  of 
blood,  is  injected  into  either  coronary  artery  of  a  normal  heart,  the  entire 
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coronary  arterj-  bed  is  filled,  t'uithcr  proxinj^  the  i)r(\sonce  of  collateral 
circulation. 

5.  If  this  same  radiopaque  substance  is  injected  into  the  anterior  descend- 
ing or  the  circumflex  branch  of  the  left  coronary  artery  of  noimal  hearts, 
the  entire  coronary  artery  tree  is  filled. 

().  It  has  been  shown  that  collateral  \essels  are  sufficiently  wide  to 
permit  passage  of  erthrocytes.  This  proves  the  physiological  usefulness 
of  the  collateral  vessels. 

7.  The  efficacy  of  the  collateral  circulation  between  the  coronary  arteries 
and  its  branches  probaljly  depends  not  only  on  the  magnitude  of  the  col- 
lateral, but  also  on  such  other  factors  a.s  the  size  of  the  occluded  vessel  and 
the  metabolic  needs  of  the  ischemic  muscle. 

We  desire  to  thank  Miss  Janet  Wharton  for  her  technical  assistance. 
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JANE  SANDS  ROBB,  M.D.,  \l.  S.  DOOLEY,  M.D,,  and  ROBERT  C.  ROBB,  M.D. 
[Department  of  Pharmacology,  College  of  Medicine,  Syracuse  University] 

INTRODUCTION 

Wiggers  (1)  in  1930  applied  potassium  salts  to  the  epicardium  and  noted 
a  high  S-T  take  off.  Since  that  time,  Herzog  (2)  1934,  Pescador  and 
Alvarez  (3)  1935,  Pezzi  et  al  (4)  1937,  Colombi  (5)  1938,  Boyd  and  Scherf 
(6)  1934,  and  Nahum,  Hoff  and  Klsch  (7)  1941,  have  repeatedly  reported 
the  S-T  displacements.  Wiggers  interpreted  the  displacement  as  evidence 
that  chemicals  were  absorbed  from  the  pericardium  and  that  chemicals 
which  injure  conduction  produce  the  same  electrocardiographic  changes 
as  those  produced  by  interference  with  the  coronary  blood  supph'.  Herzog 
as  well  as  Pescador  and  Alvarez  believed  that  some  reflex  action  produced 
the  shift.  Pezzi  obtained  S-T  dis^acement  only  when  the  left  apex  was 
injured  and,  finding  the  changes  absent  in  the  presence  of  theophylline 
with  ethylenediamine  and  after  coronary  ligation,  thought  a  reflex  was 
initiated  at  the  apex  resulting  in  coronary  spasm.  Colombi  was  unable  to 
confirm  a  circulatory  disturbance.  He  also  regarded  the  apex  as  the  only 
point  where  mild  mechanical  or  chemical  trauma  caused  S-T  shifts.  Boyd 
and  Scherf  studied  the  effect  of  mechanical  irritation  (sandpaper,  light 
blows,  pinching)  and  of  application  of  concentrated  salt  solution.  They 
found  "a  high  take  off  in  Leads  II  or  III  regardless  of  whether  an  area  on 
the  .surface  of  the  left  ventricle  or  the  apex  of  the  right  were  irritated." 
At  the  right  apex  S-Ti  was  depressed,  at  the  left  apex  the  S-Ti  was  not 
regularl}^  shifted  in  one  direction  and  no  electrocardiographic  alterations 
were  obtained  from  the  anterior  wall  of  the  right  ventricle.  They  observed 
that  isolation  of  the  irritated  area  from  neighboring  tissues  (lungs,  etc.) 
diminished  or  abolished  the  high  S-T  take-off  and  concluded  that  these 
shifts  were  caused  by  the  admixture  of  a  monophasic  current  of  injury  in 
the  electrocardiogram. 

Nahum,  Hoff  and  Kisch  reported  similar  studies  and  concluded  that 
surface  effects  masked  deep  effects.  From  other  experimental  data  where 
the  whole  surface  of  one  ventricle  was  painted  with  M/5  KCl  they  conclude 
that  the  electrocardiogram  of  one  ventricle  can  be  blocked  and  reaffirm 
the  conclusion  of  the  German  school  (\vith  which  Lewis  (8)  agreed)  that 

'  Acknowledgment  is  gratefully  made  to  the  Hendricks  Fund  for  the  support  of 
this  work. 
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the  electrocardiogram  is  a  summation  of  a  dextro  and  a  laevo  cardiogram. 
In  a  later  j)aper,  they  find  that  "an  elevation  of  R-T  in  the  cat,  dog,  or 
monkey  indicates  left  ventricular  injury," and  that  "S-T  (lejjression  indicates 
right  ventricular  injury,"  that  if  the  injury  is  restricted  to  one  ventricle, 
the  RS-T  interval  in  the  three  conventional  leads  is  deflected  in  the  same 
direction,  that  elevation  in  one  lead  and  dejjression  in  another  indicates 
damage  to  contiguous  areas  of  both  \  entricles,  and  finally  that  an  elevated 
S-Ti  and  a  depressed  S-T3  indicates  an  anterior  lesion  while  the  reverse 
relation  of  S-Ti  and  8-T3  indicates  an  apical  or  a  posterior  lesion. 

Ashman  and  Hull  (9)  state  that  "in  luunerous  experiments  on  turtle 
ventricles  after  injury  and  after  ajiplication  of  potassium,  \hv  R-T  level 
was  never  observed  to  go  below  the  isoelectric  line,  that  is,  become  negative. 
Of  coui'se,  when  inonoijhasic  curves  are  recorded,  the  lev(>l  will  remain 
above  that  line." 

One  cannot  read  the  above  summary  without  realizing  conflicts.  First 
regarding  actual  observations;  some  have  reported  that  these  RS-T  shifts 
occurred  only  when  chemicals  were  ap])lied  to  the  antero-lateral  surface 
of  the  right  v(Mitricle.  ^lost  workers  have  reported  upward  displacements 
of  RS-T2.  ,3  antl  variable  slight  shifts  of  S-Ti,  while  only  one  has  reported 
that  S-T3  depression  is  characteristic  of  right  ventiicular  injury.  One 
group  reports  that  surface  aiij^lications  are  effective  while  deep  injections 
are  not.  Interpretations  and  conclusions  must  be  as  variable  as  the  ob- 
servations upon  which  they  are  based.  Thus  there  have  been  offered  ab- 
sorption, reflexes  affecting  coronary  flow,  "perturbation  of  the  myocardial 
elements  which  form  the  whorl  at  the  apex,"  admixture  of  a  monophasic 
curi-ent  of  injui'v,  "extinction  of  activity  in  one  region  permitting  recording 
of  activity  in  another  region,"  and  surface  effects  as  possible  explanations. 
The  necessity  for  further  study  seems  obvious. 

METHODS 

Most  of  our  experimental  animals  were  dogs,  though  a  few  rabbits  and 
cats  have  also  been  used.  The  anesthetic  was  35  mg.  per  kg.  of  soluble 
Pentobarbital,  and  while  maintaining  artificial  respiration,  the  thorax  was 
opened,  the  ribs  resected,  and  the  opened  pericardium  caught  to  the  skin; 
thus  a  snug  craille  arranged  to  keep  th(>  heait  in  a  constant  jjosition.  Ap- 
plication of  ^1/5  KC"1  was  made  to  the  heart  surface  with  slightly  njoi.stened, 
one  centimeter  squares  of  filter  paper.  The  pericardium  was  likewise 
kept  free  of  excess  fluid.  The  main  variations  from  the  technifiue  of 
Xahum,  HofT  and  Kisch  were:  1)  the  animals  were  kept  on  their  backs 
throughout  the  experiment;  2)  chemicals  were  applied  to  on(>  muscle  band 
alone,  at  one  time,  either  for  surface  application  or  for  deep  injection;  3) 
the  three  con\entional  leads  were  recorded  simultaneously  on  a  research 
instrument  built  by  the  Cambridge  Instrument  Company.  When  deep 
injections  were  made,  a  dyv  was  added  to  the  M/5  KCl  so  that  the  area 
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coiild  be  identified  at  autop.sy.  A  recovery  period  was  allowed  between 
applications  and/or  relatively  few  injections  were  made  in  any  one  heart 
so  that  lesions  could  be  identified  at  autopsy. 


SBS 


A^v.v^ 


'A  B 


S,  S  \ 

C  D    '       E  F 


T  -O  H  I  J  K  L~Ni 

Fig.  1.  Electrocardiograms  showing  effects  of  1  cm.  sq.  pieces  of  filter  paper 
moistened  with  M/5  KCl  applied  to  the  surface  of  the  superficial  bulbospiral  muscle 
(SBS).  Doses  are  indicated  whenever  deep  injections  were  made.  Note  throughout 
that  S-Ti  is  depressed  and  S-Ts  elevated. 

Time:  heavy  lines  =  0.1  sec. 

Standardization:  1  mv  =  1  cm. 

A.  Control:  between  each  application  time  was  allowed  for  recovery  to  the  nor- 
but  to  save  space  the  intervening  controls  are  not  reproduced. 
Left  base  anterior  1.5  cm.  to  left  of  interventricular  (I.V.)  groove. 
Obtuse  margin,  midway  base  to  apex. 

Near  posterior  I.V.  groove,  (0.3  cc.  injected)  midway  base  to  apex. 
Left  base,  diaphragmatic  surface  1.5  cm.  to  left  of  l.W  groove. 

F.  Lower  third  of  left  diaphragmatic  surface  near  LV.  groove. 

G.  Lower  third  of  right  ventricle,  diaphragmatic  surface. 

H.  Left  ape.x,  base  of  inferior  papillary  muscle  (posterior  horn). 

I.  .\ntero-lateral  portion  of  right  ventricle  near  apex  (injected  0.3  cc). 
J.  Right  apex  anterior  (injected  0.3  cc). 

K.  Left  apex  posterior  (injected  0.3  cc). 

L.  Greatest  displacement  ever  obtained,  from  injection  2  cc.  into  left  inferior 
papillary. 


mal, 
B 
C 
D 
E 


RESL'LTS 

1)  RS-T  displacements  in  one  or  more  of  the  three  standard  leads  oc- 
curred when  M/5  KC'l  was  placed  anywhere  on  the  ventricular  surfaces 
(figs.  1,  2,  3). 

2)  In  general,  the  displacements  were  greater  in  amplitude  at  the  apices 
and  less  at  the  bases  (compare  fig.  1,  band  H).  The  right  ventricular  conus 
was  an  exception,  for  there  the  displacements  were  marked  (fig.  2  B). 
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3)  If  a  deep  injection  was  limited  to  one  muscle-  (and  so  proven  at 
autopsy)  the  iS-T  displacement  was  as  great,  or  in  some  instances  greater, 
than  when  surface  application  was  made  (compare  fig.  1  G  and  I,  H  and  K; 
fig.  2  B  with  D  and  E). 


DSS 
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F            G  H 
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Fig.  2.  Application  of  M  5  KC'l  to  the  deep  smospiial  muscle  (DSS).  (Note 
throughout  elevation  of  S-Ti  and  depression  of  S-Ts) 

A.  Control. 

B.  Application  to  conus  of  right  ventricle  1.5  cm.  to  right  of  Anterior  Interven- 
tricular groove. 

C.  Control. 

D.  Injection  of  0.3  cc.  M/5  KCl  to  same  area. 

E.  Greatest  displacement  ever  obtained,  from  injection  (1  cc.)  into  conus  area  of 
right  ventricle. 

F.  Left  base  diaphragmatic  aspect  (0.3  cc.  injected);  not  near  septum. 

G.  Right  base  diaphragmatic  aspect  (0.3  cc.  injected):  not  near  septum. 

H.  Left  head  DSS-  near  obtuse  margin,  midway  apex  to  base,  half  way  between 
endocardiiun  and  epicardium.    (Injection  of  0.5  cc.  M/5  KCl) 

I.  Lesion  in  same  area  caused  by  coronary  ligation  resulting  in  an  anemic  infarct, 
demonstrated  at  autopsy  7  months  later. 

4)  It  is  true  that  ST  may  be  elevated  in  lead  I  and  depressed  in  lead  III 
(or  the  reverse),  but  we  do  not  confirm  the  belief  that  this  occurs  only  at 
contiguous  left  and  right  ventricular  areas  nor  do  we  find  ST3  depression 
limited  to  right  ventricular  application.    Such  records  are  also  obtained 

^  For  description  and  photographs  of  the  ventricular  muscles  see:  Robb,  J.  S. 
and  Robb,  R.  C:  Am.  Heart  J.,  10:  287, 1935  and  also  idem,  1941.    In  press. 
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from  injections  into  the  deep  sinospiral  muscle,  on  the  left  as  well  as  on 
the  right  (anterior,  lateral  or  posterior  surfaces),  quite  independent  of 
proximity  to  the  interventricular  grooves  (fig.  2  B,  F,  G,  H) . 

5)  It  is  also  our  experience  that  the  STi  is  depressed  if  ^1/5  KCl  is 
applied  or  injected  into  the  right  apex,  while  STo  and  ?,  ai  e  greatly  elevated 
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Fig.  3.  Application  of  M/5  KCl  to  the  superficial  sinospiral  muscle  and  to  the 
Deep  Bulbospinal.  Note  the  upward  displacement  of  RS-T  in  all  leads,  moderate 
in  degree  in  leads  2  and  3,  least  in  lead  1. 

A.  Control. 

B.  Left  base  posterior — where  this  muscle  attaches  near  the  septum  to  the  pos- 
terior curve  of  the  left  a-v  ring. 

C.  Right  acute  margin  midway  between  base  and  apex. 

D.  Right  antero-lateral  border  midway  between  base  and  apex  (some  SBS  effect 
since  this  is  the  borderline  area  between  the  two  superficial  muscles). 

E.  Trabeculated  area  right  ventricle  anterior. 

F.  On  border  of  SSS  and  SBS  at  the  anterior  I.V.  groove,  hence  S-Ti,  is  isoelectric. 

G.  Nearer  base  on  surface  left  ventricle  anteriorly. 

H.  On  obtuse  margin  of  left  ventricle  midway  between  apex  and  base. 

I.  Anterior  surface  of  left  ventricle,  anterior  horn  of  apex. 

J.  Same  area  but  0.3  cc.  injected  into  anterior  papillary  muscle. 
K.  Injection  1  cc.  into  septal  portion  of  deep  bulbospiral.    Xote  that  the  R-T 
elevation  is  maximal,  there  being  scarcely  any  downstroke  of  R  in  any  lead. 

(fig.  1  G).  This  observation  does  not  confirm  the  opinion  that  "R-T  ele- 
vation indicates  left  ventricular  damage." 

6)  When  ^NI/o  KCl  was  applied  anywhere  along  the  coiu'se  of  the  super- 
ficial sinospiral  muscle,  the  S-T  interval  in  all  leads  was  slightly  elevated 
(fig.  3  B  to  J). 

7)  When  M/5  KCl  was  applied  along  the  course  of  the  superficial  bulbo- 
spiral muscle,  whether  right  or  left,  apical  or  basal,  anterior  or  posterior, 
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S-Ti  was  slio;htly  depressed  and  S-T3  elevated  (fig.  1  B  to  L).  These  dis- 
plaeeinents  for  areas  of  similar  size  are  greater  near  the  apex  than  near  the 
base.  The  only  variation  was  found  at  the  left  ba.se  anteriorly  where 
S-Ti  was  sometimes  isoelectric  or  even  slightly  elevated  (possibly  a  deep 
sinospiral  muscle  effect  appearing  through  fenestrations  in  the  superficial 
bulbospiral). 

8)  Where  the  deep  sinospiral  mu.scle  appears  on  the  surface  through 
fenestrations  (right  and  left  bases,  either  anterior  or  posterior)  or  when 
M/5  KCl  is  injected  into  any  part  of  this  muscle,  S-Ti  is  elevated  and 
S-T3  is  depressed  (fig.  2,  B  to  I). 

9)  When  M/5  KCl  is  injected  into  the  deep  bulbospiral  muscle  (which 
never  reaches  the  surface  but  encircles  the  base  of  the  left  ventricle)  a 
maximum  ele\  ation  of  RS-T  is  obtained  in  all  leads,  again  not  confirming 
the  supposition  that  surface  effects  are  necessarily  greater  than  the  results 
of  deeper  injuries  (fig.  3  K).  It  may  be  emphasized  that  this  was  a  septal 
lesion,  nevertheless,  the  displacements  are  all  upward  and  no  Q  wave  is 
present. 

10)  These  RS-T  shifts  are  exactly  those  which  have  been  previously 
described  when  these  same  muscles  were  damaged  either  by  ligating  the 
individual  blood  supply  or  by  undue  stretching  associated  with  increased 
intraventricular  pressures  (Compare  fig.  2  H  and  I). 

11)  These  observations  do  not  support  a  conclusion  that  the  electro- 
cardiogram is  a  summation  of  only  two  events,  a  dextro  and  a  laevo 
cardiogram. 

DISCUSSION 

It  Ls  commonlj'  believed  that  potassium  chloride  when  applied  to  con- 
ducting ti.ssue,  e.g.,  nerve,  abolishes  the  propagated  disturbance  (action 
current)  and  also  abolishes  the  injury  current.  Xahum,  Hoff  and  Kisch 
(7)  believe  that  it  "extinguishes  electrical  activity".  Ashman  and  Hull 
(9)  state  more  specificalh'  that  "potassium  in  sufficient  concentration, 
produces  a  depolarization  of  cell  membranes.  With  lesser  concentrations, 
the  depolarization  is  partial".  Their  discussion  of  the  monophasic  action 
current  and  the  current  of  injury'  is  pertinent  to  this  discussion.  Their 
figiu'e  G  illustrates  various  types  of  monophasic  action  current  recording. 
We  especially  wish  to  stress  the  concluding  sentences  of  that  section  "We 
may  note  that  injury  is  not  necessary  for  the  production  of  a  monophasic  re- 
sponse. The  only  essential  condition  is  the  presence  of  properly  oriented  cell 
membranes,  which  fail  to  respond  to  a  wave  of  excitation  and  which  form  the 
surfaces  of  portions  only  of  whole  cells". 

We  suggest  that  the  division  of  the  ventricle  into  muscle  bands  separated 
from  each  other  by  variable  amounts  of  connective  tissue,  each  muscle 
•Saving  to  a  considerable  extent  its  own  blood  supply  (Robb,  Lowe)  sup- 
plies this  verj'  essential  condition  of  which  Ashman  and  Hull  write. 

We  also  suggest  that  the  production  of  maximal  displacements  near  the 
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apex  is  related  to  the  anatomical  fact  that  the  two  superficial  muscles 
are  there  condensed  into  narrow  intertwining  bands  so  that  these  mem- 
brane effects  might  be  more  pronounced.  Also  at  the  apex  application 
of  potassium  to  a  small  area  might  affect  many  conduction  pathways 
which  are  there  condensed,  whereas  toward  the  base  the  muscles  spread 
out  fan  wise  in  thin  sheets.  Application  of  potassium  to  1  sq.  cm.  at  the 
base  causes  far  less  effect  than  at  its  apex  but  by  increasing  the  area  cov- 
ered, the  RS-T  displacement  can  be  made  to  equal  that  at  the  apex. 

CONCLUSIONS 

1.  Application  of  potassium  chloride  to  the  surface  of  the  mammalian 
ventricle  does  not  necessarily  cause  a  greater  RS-T  displacement  than  does 
deep  injection. 

2.  Xo  support  is  obtained  for  the  theory  that  the  electrocardiogram  is 
merely  the  summation  of  a  dextro-  and  a  laevo-  cardiogram. 

3.  When  leads  I  and  III  show  RS-T  deviation  in  opposite  directions  the 
lesion  is  not  necessarily  near  the  septum  nor  is  the  lesion  necessarily  anterior 
or  posterior.  "WTien  all  three  standard  leads  .show  an  RS-T  deviation  in 
one  direction  the  lesion  is  not  necessarily  limited  to  one  ventricle. 

4.  It  is  again  shown  that  where  "injury"  is  limited  to  a  single  ventricular 
muscle  band,  a  characteristic  electrocardiogram  results.  "Injury"  niay 
be  of  various  types,  chilling,  mechanical  blows,  pinching,  ischemia,  undue 
stretching,  or  the  application  of  potassium  chloride,  in  fact  any  agent  re- 
sulting in  the  depolarization  of  a  membrane.  We  have  shown  that  regard- 
less of  the  type  of  noxious  agent,  the  result  of  injury  localized  to  one  muscle 
alone  is  constant  in  its  effect  on  RS-T  shifts  in  the  electrocardiogram. 
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My  admiration  and  appreciation  of  Dr.  Oppenheimer  and  his  methods 
date  back  to  my  first  acquaintance  with  him  when  he  was  assigned  to  Camp 
Devens  in  1918.  It  has  been  a  satisfaction  to  see  his  influence  widen.  I'n- 
fortunately,  I  could  not  contribute  an  article  for  his  Anniversary,  but  my 
associates,  Dr.  Howard  F.  Root  and  Dr.  Charles  Styron,  submit  in  my  behalf 
their  paper  on  "Insulin  Hypoglycemia  and  Vascular  Accidents." 

f^i.LiOTT  P.  Joslin 


IXTRODUCTIOX 

The  protean  manifestations  of  hypoglycemia  have  simulated  e\'erv 
known  neurologic  and  psychic  abnormality.  The  difficulty  of  diagnosis 
between  hypoglycemia  and  vascular  accidents  may  be  great  when  one 
condition  alone  is  present,  but  is  increased  in  the  presence  of  both.  The 
danger  of  errors  in  diagnosis  naturally  rests  upon  the  fact  that  in.sulin 
hypoglycemia  is  an  emergency  state  for  which  there  is  specific  treatment. 
Delay  in  administering  the  treatment  may  have  progressively  serious  re- 
.-;ults.  In  an  occasional  case  important  medico-legal  problems  arise, 
illustrated  by  .serious  automobile  accidents  invoh  ing  pa.s.sengers  or  pedes- 
trians. 

The  hazard  of  injurious  effects  upon  the  heart  in  ca.ses  with  coronary  dis- 
ease provoked  hy  the  use  of  in.sulin  in  diabetic  patients  has  been  discus.sed 
frequently.  The  hypothesis  has  rested  apparently  upon  an  occasional 
anginal  attack  after  the  administration  of  insulin  to  cardiac  patients. 
Actually  the  experimental  production  of  coronary  occlusion  in  animals  by 
means  of  insulin  has  not  been  reported.  Indeed,  there  has  been  no  evidence 
of  damage  to  the  heart  in  fatal  cases  of  insulin  hypoglycemia.  It  is  gen- 
erally conceded,  however,  that  following  insulin  hypoglycemia  changes 
occur  varying  in  degree  with  the  individual,  the  amount  of  insulin  injected 
and  the  state  of  the  counter-regulatory  system.  In  the  presence  of  hypo- 
glycemia there  is  an  output  of  adrenalin  with  a  concomitant  ri.se  in  the 
pulse  rate  and  metabolism  and  thus  indirectly  cardiac  strain  is  caused. 

953 


954 


HOWARD  F.  ROOT  AND  CHARLES  ^X.  STYRON 


Hypoglycemia  is  relieved  by  the  liberation  of  glucose  from  the  glycogen 
in  the  liver.  The  lack  of  evidence  of  damage  in  the  heart  following  hj-po- 
gl^ycemia  dovetails  at  present  w^th  the  lack  of  evidence  that  the  heart 
muscle  is  dependent  exclusively  upon  carbohj^drate.  On  the  other  hand, 
the  chance  exists  that  patients  with  serious  coronarj^  disease  can  have 
harmful  effects  produced  by  the  events  following  a  serious  insulin  hj-po- 
glycemia.  Further  comment  on  cardiovascular  disease  follows  the  case 
reports.  ^Vhere  the  question  of  cerebral  damage  and  vascular  accidents 
in  the  brain  is  raised,  the  problem  is  a  somewhat  more  difficult  one. 

Whereas  parenchymatous  cerebral  damage  has  been  described  in  detail, 
the  actual  damage  to  the  vessels  with  resulting  focal  changes  is  a  different 
problem  and  as  yet  little  known. 

Insulin  hypoglycemia  is  of  common  occurrence  and  usually  harmless  if 
prompt  treatment  is  given.  Transient  monoplegias  or  even  hemiplegias 
are  not  rarely  encountered  in  patients,  especially  children,  and  yield 
promptly  to  the  administration  of  carbohj'^drate. 

CASE  REPORTS 

I.  Insulin  hypoglycemia  simulating  a  cerebrovascular  accident 

Case  M 10772.  The  patient  developed  diabetes  at  the  age  of  forty-one  years  in  June, 
1927.  His  maximum  weight  in  1916  was  194  pounds  dressed.  On  February  13,  1932 
he  weighed  130  pounds.  During  that  year  he  had  had  several  attacks  of  mild  angina 
pectoris.  Beginning  with  December  1932,  he  took  16  units  of  insulin  once  a  day. 
He  had  occasional  attacks  of  mild  angina  pectoris  on  e.xertion,  particularly  in  cold 
weather.  On  September  13,  1937,  at  1:00  p.m.  he  was  brought  to  the  Deaconess 
Hospital  in  an  unconscious  state.  His  daughter  stated  that  he  had  been  apparently 
well  the  night  before.  He  had  taken  a  moderately  long  walk  during  the  day  and  had 
retired  at  10:00  p.m.  During  the  night  he  was  heard  to  groan,  but  he  was  not  obvi- 
ously disturbed.  The  following  morning  at  about  10:00  a.m.  he  failed  to  rise  for 
breakfast  and  could  not  be  awakened.  A  doctor  was  called,  who  administered  1  cc. 
of  adrenalin  and  45  units  of  insulin.  On  the  way  to  the  hospital,  he  was  given  one 
ampule  of  25  per  cent  glucose  solution  intravenouslj'.  Upon  arrival  his  face  was 
flushed,  his  skin  was  warm,  and  the  extremities  were  dry.  The  arms  were  held  in  a 
flexed  position  and  were  rather  spastic:  the  legs  were  extended.  Later  he  presented 
a  picture  of  decerebrate  rigidity  arousing  the  suspicion  of  a  pontine  lesion.  The 
blood  pressure  was  130  systolic  and  80  diastolic;  the  pulse  rate  was  116  per  minute; 
the  heart,  lungs,  and  abdomen  were  negative.  The  first  blood  sugar  value  was  80 
mg.  per  cent.  One  hour  later  the  blood  sugar  was  70  mg.  per  cent.  He  was  given 
1000  cc.  of  normal  saline  solution  with  10  per  cent  glucose  at  2:00  p.m.  and  the  blood 
sugar  was  200  mg.  per  cent  at  3:30  p.m. 

At  7:00  p.m.  the  blood  sugar  was  found  to  be  26  mg.  per  cent.  He  was  then  given 
an  injection  of  glucose  solution  and  from  that  time  on  the  blood  sugar  values  were 
kept  between  200  and  290  mg.  per  cent. 

The  cerebrospinal  fluid  was  normal. 

He  remained  in  a  comatose  state  for  a  period  of  three  weeks  and  finally  died  with 
terminal  bronchopneumonia  and  sepsis. 

Post-mortem  examination  by  Dr.  Shields  Warren  showed  a  recent  splenic  infarct, 
bilateral  bronchopneumonia  with  gangrene  and  abscess  formation,  abscesses  of  the 
kidney,  cystitis,  and  pyelonephritis. 
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Brain.  Gross  anatomy  (Wt.  1550  }?m.s.)-  There  was  slight  wiileiiiiifj;  of  tlie  sulci 
in  both  frontal  areas.  The  hemispheres  were  symmetrieal  and  the  convolutions 
narrow.  The  arachnoid  was  clear  and  glistening  with  the  exception  of  the  frontal 
lobes  where  there  was  cortical  atrophy  with  thickened  arachnoid.  Coronal  sections 
1  cm.  thick  showed  the  cortex  to  be  approximately  4  mm.  thick.  The  white  matter 
was  not  unusual.  The  lateral  ventricles  were  normal  in  size  and  symmetrical.  There 
was  dilatation  of  the  left  i)osterior  horn  measuring  2.5  x  3  cm.  The  adjacent  brain 
tissue  was  normal.  The  third  ventricle  at  the  level  of  the  mammillary  bodies  was 
O.S  cm.  wide  and  1 .8  cm.  high.  The  cerebellar  hemisjiheres  were  symmetrical.  There 
was  a  moderate  foramen  magnum  pressure  furrow.  There  was  moderate  sclerosis  of 
the  basilar  arteries  with  a  few  plaques  of  calcium.  This  was  also  true  of  tlie  circle  of 
Willis.  Sections  of  the  medulla  and  the  pons  were  negative  except  for  moderate 
edema  of  the  tissue  adjacent  to  the  fourth  ventricle. 

Microscopic:  Sections  showed  slight  edema  near  the  cerebellar  peduncle  and 
portion  of  the  pons. 

Heart.  Gross  anatomy  (Wt.  260  gms.).  The  epicardium  was  smooth  arul  glisten- 
ing with  a  moderate  presence  of  fat.  There  was  a  diffuse,  grayish  area  about  2  cm. 
in  diameter  over  the  right  side  of  the  left  ventricle,  midway  between  the  base  and  the 
apex.  The  myocardium  was  generally  firm,  reddish-brown,  but  showed  defects  in 
two  areas.  The  right  side  of  the  apex  of  the  left  ventricle  was  thin,  firm,  and  white 
over  an  area  1.5  cm.  in  diameter.  Two  centimeters  below  the  mitral  valve  in  the 
myocardium  of  the  left  ventricle  near  the  interventricular  septum  was  an  area  1  cm. 
in  diameter  where  the  myocardium  was  firm,  pale-brown,  and  0.7  cm.  thick  with  the 
adjacent  myocardium  1.4  cm.  thick.  The  endocardium  over  this  area  was  pale, 
opaque,  but  elsewhere  smooth  and  glistening.  The  valves  were  normal.  The 
coronary  arteries  showed  slight  intimal  thickening. 

Microscopic:  There  were  small  irregular  areas  of  fibrous  tissue  extending  in  one 
area  from  the  endocardium  to  the  epicardium. 

Summary.  In  this  case  presumable  insulin  hypoglycemia  was  followed  by  uncon- 
sciousness which  persisted  until  death  23  daj's  later.  No  focal  lesions  in  the  brain 
were  found  and  the  heart  showed  the  remains  of  an  old  infarct.  Death  was  due  to 
terminal  pneumonia  and  sepsis. 

II.  Insulin  hypoglycemia  and  simultaneous  cerebral  thrombosis 

Case  M268I .  This  patient  developed  diabetes  in  .\pi  il  1022  at  the  age  of  44  years. 
His  maximum  weight  was  106  pounds  dressed.  The  blood  pressure  was  130  systolic 
and  80  diastolic.  The  heart,  lungs,  and  abdomen  were  normal.  The  dorsalis  pedis 
arteries  were  palpable  and  patent.  In  1923  he  began  taking  insulin,  a  total  of  35 
units  a  day.  In  1028  the  insulin  dose  was  decreased  to  29  units  daily  and  his  weight 
was  153  pounds  dressed.  From  that  time  on  he  was  seen  only  at  rare  intervals.  His 
blood  sugar  was  kept  within  normal  limits  and  as  a  physician  he  tended  to  overtreat 
himself.  Thus,  he  occasionally  had  insulin  reactions  between  11:00  and  12:00  a.m. 
He  never  had  a  severe  reaction,  however,  except  on  one  occasion  when  a  convulsion 
occurred  while  he  was  eating  supper.  In  1933  the  blood  pressure  was  150  systolic  and 
100  diastolic.  The  heart,  lungs,  and  abdomen  were  in  satisfactory  condition.  On 
September  20,  1936  he  returned  home  at  9:00  p.m.  after  being  away  for  a  week-end. 
He  seemed  a  little  confused  and  tired.  Supper  had  been  omitted  and  at  11:00  p.m. 
he  took  a  dose  of  insulin  while  already  in  a  confused  state  of  mind  probably  due  to 
hypoglycemia.  His  wife  was  awakened  at  3:00  a.m.  by  his  noisy  cries.  She  found 
him  on  the  floor  in  a  pool  of  blood  from  a  laceration  of  the  nose.  His  feet  shook  but 
there  was  no  real  convulsion.  His  right  leg  and  arm  were  flaccid.  The  urine  was 
sugar  free.  Carbohydrate  as  orange  juice  was  given  freely  during  the  next  few  hours. 
He  did  not  regain  consciousness  and  did  not  speak  during  the  succeeding  12  hours. 
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On  entrance  to  the  Deaconess  Hospital  the  urine  contained  7.7  per  cent  sugar  and 
the  blood  sugar  was  0.22  mg.  per  cent.  As  a  result  of  the  large  amount  of  carbo- 
hydrate given  prior  to  entry  the  urine  showed  a  good  deal  of  sugar  during  the  ensuing 
week  despite  repeated  small  doses  of  insulin.  In  consultation  with  Dr.  G.  C".  Caner 
it  was  found  that  in  addition  to  a  right  hemiplegia  there  was  a  positive  Chaddock  and 
Babinski  response  on  the  left.  His  pupils  were  first  dilated  and  later  constricted. 
Respirations  were  of  the  Cheyne-Stokes  type.  His  fundi  were  normal.  He  died  on 
September  29,  1936  without  regaining  consciousness.  From  the  complete  autopsy 
report  of  Dr.  Shields  Warren  we  give  only  the  description  of  the  brain  and  heart. 

Brain.  Gross  anatomy  (Wt.  1400  gms.).  The  left  hemisphere  was  slightly  larger 
than  the  right  and  an  area  supplied  by  the  middle  cerebral  artery,  which  involved 
the  major  portion  of  the  parietal  lobe,  the  adjacent  two-thirds  of  the  frontal  lobe 
and  the  superior  gyrus  of  the  temporal  lobe,  was  soft  and  bulging.  The  meninges 
over  this  area  were  hyperemic  and  somewhat  opaque.  The  gyri  were  flattened  and 
the  sulci  were  e.xtremeU-  shallow.  There  was  a  definite  pressure  cone  at  the  base  of 
the  brain.  The  vessels  at  the  base  of  the  brain  showed  considerable  sclerosis.  Coro- 
nal section  showed  severe  softening  in  portions  of  the  left  parietal,  frontal,  and 
temporal  lobes.  The  left  ventricle  was  small  and  the  ependyma  of  the  left  ventricle 
over  the  involved  area  was  dull.  The  left  middle  cerebral  artery  near  its  origin  was 
occluded  by  an  organizing  clot. 

Microscopic:  A  section  of  the  left  lenticulo-striate  body  showed  areas  of  demyelin- 
ization,  recently  thrombosed  vessels,  small  hemorrhages,  and  areas  of  inflammatory 
cell  infiltration,  chiefly  leucocytes.  A  section  of  the  left  thalamus  showed  less  severe 
change.  Man^'  ganglion  cells  were  roimded  and  showed  indistinct  nuclei.  Sections 
of  the  pons  and  cerebellum  showed  no  unusual  change  except  for  rounding  of  ganglion 
cells  and  nuclear  disappearance.  Section  of  the  left  precentral  cortex  showed  areas 
of  softening  with  many  compoimd  granular  cells.  The  meningeal  vessels  were  dilated 
and  hyperemic.  The  surrounding  stroma  showed  proliferation  and  many  histiocytes 
containing  debris. 

Heart.  Gross  anatomy  (\Vt.  350  gms.).  The  epicardium  was  thin,  smooth  and 
glistening.  The  myocardium  was  of  average  thickness  throughout,  quite  firm  and 
brownish-red.  There  was  no  grossly  visible  fibrosis  or  fat  infiltration.  The  endo- 
cardium was  thick  and  transparent  throughout.  The  auricular  appendages  appeared 
normal.  The  valves,  of  average  circumference,  were  normally  developed  and  showed 
no  thickening,  fusion,  nor  widening  of  commissures.  There  was  a  small  amount  of 
yellow,  pliable  sclerosis  in  the  septal  leaflet  of  the  mitral  valve.  The  papillary 
muscles  and  columnae  were  robust  and  not  flattened.  The  chordae  tendineae  were 
thick  and  delicate.  The  coronary  ostia  was  ample.  There  was  a  mild  intimal  sclero- 
sis of  the  proximal  2  cm.  of  the  left  coronar}-  arterj%  but  otherwise  no  appreciable 
sclerosis  of  the  coronaries.    There  were  no  areas  of  appreciable  lumen  reduction. 

Microscopic.  Sections  showed  no  unusual  change.  The  arteries  of  the  heart 
showed  no  thickening. 

Summary.  Xo  blood  sugar  was  taken  prior  to  hospital  entrj-.  However,  the  clin- 
ical history  supports  the  assumption  that  an  insulin  reaction  occurred.  Whether  or 
not  the  hypoglycemia  preceded,  accompanied,  or  followed  the  cerebral  thrombosis 
and  infarction  is  not  clear. 

Insulin  hypoglycemia  or  cerebral  hemorrhage 

Case  fH  20520.  The  patient  developed  diabetes  September  1931  at  the  age  of  45 
years.  His  maximum  weight  in  1931  was  230  pounds.  He  weighed  184  pounds  on 
September  7,  1941.  In  January  1941  while  working  in  a  bleachery  as  foreman  he 
barely  escaped  being  burned  in  a  vat  of  a  caustic  solution  and  was  greatly  frightened. 
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Thirty  minutes  later,  while  driving  his  automobile  he  suddenly  lost  the  use  of  his 
right  arm  and  had  difficulty  with  speech.  A  doctor  made  a  diagnosis  of  insulin  re- 
action and  gave  him  glucose,  with  prompt  recovery  in  the  use  of  his  arm  and  speech. 
Since  that  time  the  use  of  the  arm  ami  speech  seemed  normal  under  ordinary  circum- 
stances, hut  under  stress  and  strain  both  were  somewhat  affected.  His  blood  pressure 
was  140  systolic  and  8()  diastolic.  The  heart  was  not  enlarged.  The  lungs  and 
abdomen  were  essentially  normal.  His  diabetes  was  of  moderate  severity.  The 
ur'HC  contained  2.8  per  cent  sugar  on  admission.  He  was  treated  with  10  units  of 
crystalline  plus  20  units  of  protamine  zinc  insulin  and  with  this  dose  the  urine  sugar 
was  reduced  to  0.3  per  cent  in  the  twentj'-four  hour  amount  and  the  blood  sugar  values 
on  the  last  hospital  day  were  0.14  per  cent  fasting  and  0.15  per  cent  at  4:00  o'clock. 
His  blood  pressure  varied.  On  one  occasion  it  was  180  systolic  and  1 10  diastolic  when 
sitting  erect,  160  systolic  and  90  diastolic  after  lying  down  for  a  few  minutes  talking 
quietly.  When,  however,  lie  described  his  narrow  escape  the  pressure  rose  to  170 
systolic  and  108  diastolic. 

Summary.  Insulin  hj-poglycemia  may  have  been  present  when  cerebral  hemor- 
rhage or  thrombosis  occurred.  The  subsequent  events  suggest  that  a  vasospastic 
crisis  accompanied  an  insulin  reaction  which  was  associated  with,  or  caused  a  small 
area  of  thrombosis  or  hemorrhage. 

Frequency  of  insulin  hypoglycemia  in  the  hospital.  During  the  first  four 
months  of  the  year  1941  one  of  us  (CWS)  studied  all  in.sulin  reactions 
among  the  patients  of  the  George  F.  Baker  service  at  the  New  England 
Deacones.s  Hospital.  The  blood  .sugar  values,  the  urine  tests,  and  above 
all  the  symptoms  and  other  clinical  features  of  the  condition  were  recorded. 
In  the.se  four  months  75  patients  among  a  total  of  000  diabetic  patients 
(1  in  8)  were  treated  for  205  attacks  of  in.sulin  hypoglycemia.  Included 
in  the  group  were  three  patients  who  were  in  the  hospital  for  periods  of  three 
to  four  months  for  special  in.sulin  investigation.  The.se  three  patients  had 
a  total  of  55  insulin  reactions  and,  becau.se  of  the  special  character  of  their 
hospital  treatment,  should  be  excluded  from  this  .series.  We  may,  there- 
fore, say  that  the  150  reactions  were  limited  to  72  patients.  This  fact  alone 
indicates  that  anj'  patient  who  is  undergoing  rapid  hospital  treatment  and 
who  has  one  insulin  reaction  is  apt  to  have  a  second  or  even  a  third  reaction. 
These  72  patients  under  treatment  ranged  from  4  to  76  years  of  age.  The 
duration  of  their  diabetes  ranged  from  a  few  weeks  to  19  years  and  their 
insulin  treatment  from  a  few  days  to  18  years.  Only  one  patient  had  taken 
insulin  for  18  years.  The  group  in  fact  represented  a  total  of  about  532 
years  of  diabetes  mellitus  and  480  years  of  treatment  with  insulin.  Three 
patients  were  between  4  and  9  years  of  age,  39  patients  from  10  to  29  years 
of  age,  14  patients  from  30  to  45  years  of  age,  and  11  patients  from  45  to 
59  years  with  7  patients  in  the  period  from  60  to  70  years  of  age.  A  wide 
variety  of  vascular  di.sease  was  found  in  the  group.  Twenty-five  patients 
or  more  than  one-third  of  the  group  had  hypertension  as  .shown  by  blood 
pres.sure  values  in  excess  of  140  systolic  and  90  diastolic. 

In  the  205  insulin  reactions,  not  one  resulted  in  a  vascular  accident  of 
any  sort  and  this  in  spite  of  the  fact  that  in  a  few  cases  there  were  gen- 
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eralized  convulsions  and  in  one,  Jacksonian  seizures.  In  no  instance  was 
anginal  pain  present  during  the  attack  and  in  only  five  instances  was  sub- 
jective palpitation  of  the  heart  described.  One  patient  was  in  severe 
congestive  failure  on  admission  and  during  hypoglycemia  some  d.yspnea 
was  noted. 

Few  insulin  reactions  are  observed  in  elderly  patients  with  hypertension 
or  cardiovascular  disease.  However,  it  must  be  remembered  that  such 
patients  do  not  have  the  wide  variation  in  physical  activity  which  is  so 
characteristic  of  young  patients.  It  is  well  known  that  muscular  exercise 
increases  the  activity  of  insulin  and  explains  many  of  the  insulin  reactions 
so  common  in  young  people.  Also,  this  elderly  group  of  patients  have 
lower  rates  of  metabolism  and  therefore  usuallj^  require  smaller  amounts 
of  insulin.  Nevertheless,  it  is  still  true  that  hypoglycemic  reactions  can 
occur  in  the  presence  of  occlusive  vascular  disease  even  with  small  doses 
of  insulin. 

Case  *  17518.  A  man  77  years  of  age  developed  diabetes  in  January  1937.  At  this 
time,  the  urine  contained  4.6  per  cent  sugar  and  the  blood  sugar  was  0.40  per  cent. 
His  arteries  were  thickened  and  typically  beaded.  Pulsation  could  hardly  be  felt 
in  the  dorsalis  pedis  arteries.  His  blood  pressure  was  180  systolic  and  100  diastolic. 
He  became  sugar  free  with  a  small  dose  of  insulin.  On  February  11, 1939  he  had  taken 
his  usual  6  units  of  insulin  in  the  morning  before  breakfast.  Following  a  heavy 
snowfall  about  4:00  o'clock  in  the  afternoon,  he  did  a  great  deal  of  unusual  work  in 
shovelling  snow  off  a  long  path.  The  next  morning  he  was  delirious  from  a  low  blood 
sugar.  Immediate  relief  occurred  with  the  taking  of  orange  juice.  Only  a  few 
months  later  he  lost  one  leg  from  diabetic  gangrene. 

It  is  a  fair  inference  that  the  above  rate  of  insulin  reactions  is  maintained 
throughout  the  year  at  the  New  England  Deaconess  Hospital.  Therefore, 
in  1500  to  1800  patients  in  a  year,  we  have  600  to  700  insulin  reactions  which 
are  recognized  by  the  patient  or  nurse.  One  might  ask  if  such  a  .series  is 
overloaded  with  patients  who  come  to  the  hospital  because  of  the  occurrence 
of  insulin  reactions  outside.  It  is  true  that  in  the  series  of  72  patients  5 
patients,  but  only  5,  came  to  the  hospital  for  adjustment  because  of  insulin 
reactions  outside  the  hospital.  Errors  in  the  diagnosis  of  hypoglycemia 
may  arise  and  are  only  avoidable  by  observing  the  rule  that  the  blood 
sugar  is  to  be  determined  in  any  patient  who  thinks  he  is  having  a  reaction. 

The  possibility  of  error  in  diagnosing  an  insulin  reaction  is  illustrated  by 
a  patient  who  entered  the  hospital  because  she  thought  .she  was  having 
insulin  reactions  on  2  units  of  insulin  a  day.  Actually,  we  found  that  her 
diabetes  was  quite  uncontrolled.  She  was  having  frequent  attacks  of 
angina  pectoris.  When  the  diabetes  was  brought  under  control  by  increas- 
ing the  insulin  dose  to  20  units  of  protamine  zinc  insulin,  the  attacks  prac- 
tically disappeared.  It  is  true  that  she  did  have  on  one  occasion  a  mild 
insulin  reaction  with  a  blood  sugar  of  30  mg.  per  cent,  but  at  this  time  .she 
had  no  cardiac  pain. 
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C"(>rtain  chemical  features  stand  out  in  this  group  of  205  reactions.  No 
true  insuHn  reactions  were  observed  in  ])atients  with  a  lilood  sugar  above 
80  mg.  per  cent.  The  lowest  blood  sugar  \  alue  during  an  insulin  reaction 
was  15  mg.  per  cent.  This  occurred  in  a  woman  of  28  years  who  was  taking 
1()  units  of  crystalline  in.sulin  and  40  units  of  protamine  zinc  insulin  and 
who  had  hypertension,  retinitis  and  albuminuria.  She  died  within  a  few 
months  of  cardio-reiial  failure.  The  lowest  dose  of  insulin  which  resulted 
in  an  insulin  reaction  was  10  units  of  jirotamine  zinc  insulin  taken  before 
breakfast  and  the  highest  tlo.-<c  of  any  patient  who  had  an  insulin  reaction 
was  44  units  of  crystalline  and  80  units  of  protamine  zinc  insulin. 

In  this  series,  no  ])atients  were  unconscious  for  more  than  a  few  minutes 
after  the  condition  was  discovered  except  one  patient  who  was  unconscious 
with  unilateral  convulsions  from  three  to  five  minutes.  However,  recovery 
was  i)rom])t  with  gluco.^^e  solution  administered  intravenously  and  no 
residual  symptoms  followed. 

The  reactions  occurred  chiefly  before  breakfa.st  and  at  11:00  o'clock  in 
the  morning.  Most  of  these  j^atients  were  taking  protamine  zinc  insulin 
and  a  smaller  dose  of  crystalline  insulin  before  breakfast.  The  common 
symptoms  were  sweating,  weakness,  trembling,  nervousness,  hunger  and, 
in  the  case  of  reactions  occurring  early  in  the  morning  before  breakfast,  due 
to  protamine  zinc  insulin,  occasionally  there  was  headache  or  nausea.  The 
more  severe  symptoms  which  occurred  were  as  follows:  1)  mental  abnor- 
malities such  as  delirium,  delusion,  anger,  crying  and  extreme  excitement 
in  18  cases;  2)  drowsiness  from  which  the  patient  could  be  aroused  by  a 
strong  stimulus  in  8  cases;  3)  unconsciousness  in  12  cases;  4)  convulsions 
in  3  cases. 

U  ndoubtedly,  the  frequency  of  insulin  reactions  in  the  hospital  is  greater 
than  in  patients  outside  the  hospital,  in  spite  of  the  fact  that  variations  in 
exercise  outside  the  hosj^jital  make  it  difficult  for  patients  to  adjust  diet  and 
insulin.  Furthermore,  most  of  the  instances  of  a  severe  insulin  reaction 
occurring  outside  the  hospital  do  find  their  way  into  hospital  wards.  The 
occurrence  of  severe  hypoglycemic  reaction  with  symptoms  which  might 
easily  be  confused  with  cerebral  accidents  is  rare,  but  of  the  utmost  im- 
portance when  the  problem  arises. 

Cerebrovascular  accidents  in  diabetic  patients.  In  marked  contrast  to  the 
incidence  of  coronary  thrombosis  and  of  occlusive  vascular  disease  in  the 
legs  leading  to  gangrene,  cerebrovascular  accidents  in  diabetic  patients 
seem  no  more  fre(j[uent  than  in  non-diabetic  patients.  In  a  report  of  70 
such  cases  among  diabetic  jjatients  at  the  Deaconess  Hospital,  Jordan  and 
Waters  (1)  concluded  from  the  analj'sis  that  7  per  cent  of  all  diabetic  deaths 
at  that  time  were  due  to  this  cause  and  there  was  no  reason  to  believe  that 
its  freciuency  varied  from  that  in  non-diabetic  patients.  They  compared 
this  figure  with  8.4  per  cent  for  such  lesions  in  2,400  autopsies  at  the 
Cleveland  City  Hospital  reported  by  Webster  in  1929  (2).    Wilder  (3)  also 
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agrees  with  these  conckisions  in  writing  of  his  experiences  at  the  Mayo 
Clinic.  The  pathologic  alterations  underlying  the  cerebral  accidents 
described  by  Jordan  and  Waters  were  dependent  upon  hypertension  and 
arteriosclerosis.  In  most  diabetic  clinics  the  experience  .seemed  to  .suggest 
that  the  progno.sis  of  diabetic  patients  was  better  than  what  might  have 
been  anticipated  and,  indeed,  it  was  even  suggested  that  diabetic  patients 
seemed  to  withstand  cerebral  accidents  even  better  than  non-diabetics. 
It  must  be  pointed  out,  however,  that  although  7  per  cent  for  cerebral 
accidents  as  a  cause  of  death  among  diabetic  patients  was  quoted  by  Jordan 
and  Waters  from  Joslin's  experience,  this  figiu'e  has  changed  during  the 
last  ten  years.  In  a  tabulation  of  5,659  diabetic  deaths  from  cerebral 
accidents  in  the  period  between  1930  and  1936  the  figure  had  risen  to  9.5 
per  cent  and  in  the  period  from  1937  to  1940  the  figure  was  11  per  cent  of 
929  deaths  (4).  It  must  be  stated  that  the  average  age  at  death  has  risen 
from  44.5  years  in  the  period  from  1897  to  1914  to  64.8  years  for  the  927 
fatal  cases  in  the  period  from  1937  to  1940.  This  increase  in  the  frequency 
of  cerebrovascular  accidents  must  be  I'ecognized  as  a  fact  dependent  largely 
upon  the  increasing  span  of  life  of  the  diabetic  patient. 

Pathology  of  insulin  hypoglycemia.  The  pathologic  changes  induced  by 
in.sulin  hypoglycemia  in  the  normal  experimental  animal  or  normal  human 
being  should  be  .sharply  distinguished  from  the  changes  which  one  might 
pre.sume  to  occur  in  the  patient  with  vascular  or  cardiac  di.sease.  In  the 
second  edition  of  Warren's  textbook  (5)  on  the  pathology  of  diabetes  the 
effect  of  both  crystalline  and  protamine  zinc  insulin  is  summarized.  He 
states  that  little  is  known  about  demonstrable  anatomical  changes  resulting 
from  in.sulin  hypoglycemia.  In  both  patient  and  experimental  animal,  the 
chief  findings  have  been  the  changes  due  to  toxic  effects  upon  nerve  cells  and 
edema  of  the  brain.  Wide  use  of  insulin  hypoglycemia  in  the  treatment 
of  mental  disea.se,  notably  schizophrenia,  has  given  rise  to  a  voluminous 
literature.  The  proceedings  of  the  eighty-ninth  meeting  of  the  Swi.ss 
Psychiatric  A.ssociation  were  published  in  a  .supplement  of  a  ^lay  1938 
number  of  the  American  Journal  of  Psychiatry.  Sixty-eight  communica- 
tions dealt  with  the  treatment  of  schizophrenia  with  insulin  and  cardiazol. 
Since  that  time  many  other  articles  have  appeared  and  references  to  a 
number  of  them  will  be  found  in  chapters  on  hypoglycemia  and  the  nervous 
.sj^stem  by  Joslin,  Root,  \\Tiite  and  ^Marble  (6). 

Sahs  and  Alexander  (8)  describe  a  man,  age  58  years,  who  was  under 
treatment  for  an  infection  of  the  foot.  He  was  receiving  a  total  of  120  units 
of  in.sulin  a  day  and  on  the  night  of  the  sixth  day  he  had  an  insulin  reaction 
with  prompt  recovery  when  orange  juice  was  given.  On  the  next  day  an- 
other in.sulin  reaction  occurred  but  then  there  was  no  response  to  the  orange 
juice.  One  and  one-half  hours  later  40  units  of  in.sulin  were  given  together 
with  1000  cc.  of  5  per  cent  glucose,  but  the  patient  did  not  immediately 
regain  consciou.sne.ss.    Another  injection  of  dextrose  was  given  with  the 
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result  that  he  responded  normally.  However,  once  more  he  lapsed  into  an 
unconscious  state  in  which  perspiration  was  produced.  This  time  the 
blood  sugar  was  found  to  be  zero.  Xo  convulsions  occurred.  Injections 
of  dextrose  were  given  repeatedl>-,  but  unfortunately  he  received  100  units 
of  insulin  during  the  same  morning  and  he  died  after  having  been  in 
hypoglycemia  for  28  hours. 

Careful  histologic  studies  of  the  brain  were  made  using  modern  .stains. 
\'essels  at  the  base  of  the  brain  showed  no  gi-oss  e\'idence  of  arteriosclerosis, 
but  there  were  moderate  atheromatous  changes  hi  the  coronary  arteries. 
Of  special  interest  was  the  marked  degree  of  vascular  disturbance,  including 
dilatation  of  vessels  with  irregularities  of  caliber  and  small  peri\'ascular 
hemorrhages.  The  changes  were  not  specific,  since  similar  changes  are 
observed  in  cases  of  carbon  monoxide  poisoning,  in  electrical  injury,  and  in 
occlusion  of  the  large  arteries  of  sixth  and  .seventh  orders.  Their  summary 
of  the  pathologic  changes  are  as  follows:  ''irregular  dilatation  of  intra- 
cerebral vessels,  indicating  \-arving  degrees  of  sluggi.sh  flow;  multiple 
thrombi  and  perivascular  extravasations,  notably  in  the  basal  ganglia  and 
medulla  oblongata,  but  involving  other  areas  as  well;  foci  of  blanching  in 
the  central  and  upper  parietal  regions  of  the  cortex,  and  interstitial  edema 
with  swelling  of  oligodendroglia  cells  in  the  cerebral  white  matter.  .  .  .  Evi- 
dence is  present  to  support  the  anoxic  theory  of  hypoglycemic  shock." 

It  is  notable  that  this  is  the  first  ca.se  in  which  small  thrombi  in  verj-  small 
arterial  vessels  have  been  shown  in  typical  cases  with  insulin  hypoglycemia. 
Actually,  in  their  review  of  some  27  articles  dealing  with  this  subject,  the 
striking  feature  was  the  absence  of  vascular  lesions  (thrombosis  or  hemor- 
rhage) caused  by  the  hypoglycemia.  Edema  and  hyperemia  of  the  brain 
with  small  cerebral  hemorrhages  are  found  in  patients  who  have  had  severe 
con\ulsions  and  the  changes  in  the  nerve  cells  themselves  have  been 
conspicuous. 

This  case  gives  evidence  of  focal  pathologic  changes  which  might  explain 
the  monoplegia  or  the  hemiplegia  occasionally  seen  at  the  time  of  an  insulin 
reaction.  On  the  other  hand,  it  is  clear  that  onh'  small  microscopic 
changes  were  produced  and  not  areas  of  hemorrhage  or  thrombosis  of 
macroscopic  size. 

The  necessity  of  continuing  glucose  injections  in  patients  who  are  un- 
conscious as  a  result  of  hypoglycemia,  however,  is  supported  bj'  the  obser- 
vations of  Pijoan  and  Gibson  (7)  who  found  that  within  4  minutes  after 
its  injection  most  of  the  glucose  had  been  removed  from  the  blood  stream. 

The  effect  of  hypoglycemia  upon  patients  already  suffering  with  cerebral 
arteriosclerosis  presents  a  difficult  problem  because  of  possible  secondary 
changes  produced  by  hypoglycemia.  In  addition  to  the  effect  of  anoxemia, 
which  alone  may  be  sufficiently  damaging,  there  is  also  the  increa.sed  blood 
pressure  .secondary  to  adrenalin  secretion,  increased  metabolism,  and  in- 
voluntarv  activitv  due  to  convulsive  seizures.    Such  a  combination  of 
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chemical  effect  and  physical  activity  might  well  have  undesirable  results 
in  patients  whose  arteries  are  already  damaged  seriously  and  whose  brain 
is  too  vulnerable  to  stand  such  insult.  It  is  quite  conceivable  that  throm- 
bosis or  fresh  hemorrhage  might  result. 

Differential  diagnosis.  The  three  cases  presented  raise  a  number  of 
questions  and  a  few  points  for  discussion.  In  the  third  patient  the  emo- 
tional disturbance  produced  by  fright  evidently  continued  for  some  time. 
In  the  mind  of  the  patient  this  was  the  principal  factor  in  pi-oducing  the 
condition  which  he  regarded  as  one  of  insulin  shock.  He  regarded  it  as 
insulin  shock  because  he  was  so  promptly  relieved  by  the  intravenous  ad- 
ministration of  glucose.  Unfortunatelj',  his  physician  did  not  take  a  blood 
sugar  before  giving  glucose.  Therefore,  we  are  left  with  the  question  as 
to  whether  tme  hypoglycemia  was  present  at  all.  He  did  undoubtedly 
have  a  parah^sis  of  the  right  arm  and  a  speech  defect  which  came  on 
suddenly  while  driving  an  automobile.  This  might  have  had  very 
serious  consequences  and  serious  medico-legal  reverberations  had  it 
chanced  that  he  conveyed  passengers  at  the  time.  One  must  not  conclude 
that  relief  from  paralysis  is  clear  proof  of  the  presence  of  hypoglycemia. 
The  fact  that  he  now  has  hypertension  and  that  he  has  some  residual  weak- 
ness of  the  arm  and  speech  difficulty  indicates  that  a  small  hemorrhage  or 
thrombosis  occurred  at  the  time  of  the  accident. 

A  patient  who  has  taken  insulin  for  12  years  was  feeling  well  when  she 
jumped  from  a  hayloft  into  a  pile  of  haj^  in  a  game.  Immediately  she 
became  unconscious  in  an  insulin  reaction  from  which  she  soon  recovered 
when  she  was  given  orange  juice. 

Dr.  Clowes  of  the  Eli  Lilly  Company  states  that  formerl}^  it  was  the 
custom  to  standardize  insulin  by  giving  rabbits  one  unit  of  insulin  sub- 
cutaneously.  At  the  end  of  four  hours  the  rabbits'  blood  sugars  fell  to  40 
mg.  per  cent  and  a  considerable  percentage  of  rabbits  had  convulsions. 
The  other  rabbits,  however,  remained  quiet  until  some  one  entered  the 
room  and  clapped  his  hands.  This  sudden  auditory  stimulus  in  some  way 
sensitized  the  cerebral  threshold  and  convulsions  occurred.  This  fact  is 
one  of  many  which  may  serve  to  explain  the  well-known  obsen'ation  that 
the  occurrence  of  hypoglycemic  symptoms  with  or  without  conAiilsions 
may  occur  at  one  level  of  blood  sugar  on  one  occasion  and  fail  to  occur  with 
even  a  lower  blood  sugar  at  another  time. 

In  the  second  case  we  have  a  clear  picture  of  extensive  vascular  disease 
of  the  brain  and  of  cerebral  thrombosis  which  may  have  begun  earlier.  Of 
the  latter  we  cannot  be  certain.  The  confusion  of  the  patient  in  the 
evening  when  he  took  a  second  dose  of  insulin  may  have  been  due  to  the 
vascular  disease  itself  rather  than  to  an  insulin  reaction.  Here  again  there 
is  no  clear  proof  to  establish  which  came  first,  confusion  due  to  insulin 
reaction,  or  mental  confusion  due  to  the  cerebral  vascular  disea.se,  but  the 
first  seems  more  likely. 
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In  the  first  case  the  exact  amount  of  insuUn  given  is  unknown.  'Hie  fall 
in  the  patient's  blood  sugar  to  20  nig.  per  cent  some  hours  after  admi.ssion 
to  the  Deaconess  Hospital  indieate.s  an  overdo.se  of  in.sulin,  either  ervstalline 
or  protamine  insulin.  The  action  of  crystalline  insulin  is  \erv  much 
prolonged  when  a  sufficiently  large  amount  is  taken,  and  the  blood  sugar 
had  been  temporarily  maintained  by  the  administration  of  glucose  on  his 
way  to  the  hospital.  Clear  evidence  of  vascular  disease  sufficient  to  cause 
degenerative  changes  in  the  brain  is  lacking.  We  are  forced  to  believe  that 
in  this  patient  irreversible  changes  in  the  nerve  cells  of  the  brain  were 
produced. 

Treatment  of  insidw  hypoglycemia.  The  urgency-  of  prompt  and  adequate 
treatment  of  insulin  hyi^oglycemia  when  unconsciousness  is  present  is 
illustrated  by  the  case  of  a  girl  who  had  been  unconscious  for  five  days. 
The  insulin  reaction  began  about  9:30  p.m.  and  the  physician  who  was 
called  ])r()mi)tly  gave  20  gms.  of  gluco.se  intravenously.  Since  she  did  not 
improve  immediately  she  was  sent  to  the  hospital.  On  arrival  one  hour 
later  .she  was  again  given  25  gms.  of  glucose  intravenously  and  the  blood 
sugar  was  taken  for  analysis.  After  one  hour  and  a  half  the  blood  sugar 
was  found  to  have  risen  and  no  more  treatment  was  gi\-en  although  the 
patient  was  still  uncon.scious.  Three  and  one-half  hours  later  the  blood 
sugar  was  found  to  have  fallen  to  a  low  level  again  whereupon  glucose 
solution  was  again  given.  The  result  was  that  during  the  first  16  hours  of 
her  hospital  stay  she  had  .se\  eral  isolated  injections  of  gluco.se  .solution  but 
no  continuous  intravenous  administration  of  glucose  solution.  The  blood 
sugar  value  was,  therefore,  raised  for  a  brief  period  but  fell  again.  The 
explanation  seemed  to  be  that  .she  had  taken  .so  large  a  do.se  of  insulin  that 
small  amounts  of  gluco.se  only  served  to  raise  the  blood  sugar  for  brief 
periods  of  time.  It  makes  little  difference  whether  regular  in.sulin  or 
protamine  zinc  insulin  is  given.  If  a  large  amount  of  either  type  of  insulin 
is  taken  the  hypoglycemic  effect  of  the  do.se  may  be  prolonged  for  many 
hovus.  In  ordinary  cases  of  insulin  reactions  where  the  .symptoms  are  of 
-short  duration,  prompt  administration  of  a  lump  of  sugar  or  50  to  100  cc. 
of  orange  juice  will  usually  be  adequate.  When  a  patient  has  become 
unconsciovis  it  means  that  already  a  marked  toxic  effect  has  been  produced 
in  the  brain  and  an  emergency-  exists.  If  the  condition  is  not  promptly 
combated,  irreversible  changes  will  take  place  sooner  or  later.  Therefore, 
where  unconsciousness  occurs,  particularlj'  when  insulin  has  been  given  to 
a  patient  already  suffering  from  hypoglycemia,  we  find  it  advisable  to  give 
intravenous  10  per  cent  glucose  until  the  patient  is  conscious. 
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THE  MECHANISM  OF  AURICULAR  FLUTTER  AND 
FIBRILLATION 


An  Historical  Survey 

IRVING  R.  ROTH,  M.D. 

[Associate  in  Medicine,  The  Mount  Sinai  Hospital] 

The  evolution  of  our  present  understanding  of  the  mechanism  and 
cHnical  features  of  auricular  flutter  and  fibiillation  is  one  of  the  most 
colorful  chapters  in  internal  medicine.  It  is  a  conspicuous  example  of  the 
manifold  advantages  that  accrue  to  the  clinician  from  the  joint  endeavors 
of  physiolog>^  and  experimental  medicine.  A  full  appreciation  of  the 
clinical  manifestations  of  these  disorders  became  possible  only  when  their 
mechanism  had  been  indicated  by  the  physiologist  and  put  to  test  in  the 
laboratories  of  experimental  medicine.  Such  collaboration  had  the  further 
fruitful  effect  of  suggesting  a  rational  therapeutic  approach. 

The  term  "flutter"  was  flrst  employed  by  McWilliam  in  1887  (1)  to 
designate  a  phenomenon  re.sulting  from  the  faradic  stimulation  of  the 
mammalian  auricle  in  contradistinction  to  another  then  well  known  phe- 
nomenon, "arrhythmic  fibrillar  contraction."  That  the  application  of 
strong  constant  currents,  or  faradic  currents  to  the  dog's  heart  caused  aboli- 
tion of  the  normal  beat  and  threw  the  ventricles  into  a  state  of  rapid  irregu- 
lar contraction  had  been  known  as  far  back  as  1850  (2).  This  phenomenon 
was  familiar  to  McWilliam  and  others  as  indicated  by  the  various  names, 
such  as  Herz-Delirium,  Delirium  Cordis,  Fibrillar  Contractions,  Inter- 
vermiform  Movement,  which  had  been  employed  to  designate  this  disorder. 

While  studying  the  phenomenon  of  fibrillar  contraction  in  the  hearts  of 
a  large  number  of  mammals,  both  in  the  young  and  in  the  adult,  McWilliam 
confirmed  previous  views  and  added  valuable  observations  of  his  own.  He 
believed  that  fibrillar  contraction  "is  essentially  due  to  certain  changes 
occvu-ring  within  the  ventricles  themselves"  and  is  not  necessarily  de- 
pendent on  the  destruction  or  paralysis  of  any  coordinating  center.  Among 
the  outstanding  features  of  arrhythmic  fibrillar  contraction  he  was  es- 
pecially attracted  by  1)  the  complexity  of  movement  which  appeared  to 
to  be  in  direct  relation  to  the  complexity  of  arrangement  of  the  muscular 
fibres;  2)  by  a  rapid  heart  action,  which  he  believed  was  the  result  of  "ex- 
citation of  a  highly  excitable  tissue"  and  3)  by  the  persistence  of  the  mecha- 
nism. When  fibrillation  had  set  in  as  a  result  of  stimulation  "the  prolonged 
continuance  of  the  movement  after  cessation  of  the  exciting  cause,"  he 
emphasized,  "is  a  striking  feature." 
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McWilliam  made  it  quite  clear  that  the  readiness  with  which  heart 
muscle  is  thro^\-n  into  fibrillary  contraction  varies  remarkably  with  the 
different  conditions  of  the  cardiac  tissues.  He  pointed  out  that  in  the 
normal  vigorous  heart,  a  considerably  stronger  current  Is  required  and 
that  in  some  instances  it  may  indeed  be  impossible  to  produce  it  at  all. 
Certain  changed  conditions,  on  the  other  hand,  such  as  nutritional  dis- 
turbances of  the  myocardium,  made  it  extremely  easy  to  throw  the  ven- 
tricles into  fibrillary  contraction.  It  was  upon  the  integrity  of  the  heart 
muscle  that  the  duration  of  the  phenomenon  seemingly  depended.  In  the 
young  mammal,  fetal  or  soon  after  birth,  fibrillar  mo\-ement  was  onl}^ 
temporary  and  reco^'ery  appeared  to  be  the  rule.  The  most  persistent  de- 
rangement .seemed  to  have  occurred  in  animals  in  which  the  fibrillation  was 
induced  by  depressing  drugs.  In  these,  reco\  ery  of  normal  heart  beats 
was  exceptional. 

In  contradistinction  to  fibrillary  contraction,  which  McWilliam  regarded 
as  a  rapid  incoordinated  peristaltic  contraction  of  the  ventricles,  the  phe- 
nomenon resulting  from  faradic  stimulation  of  the  auricles  appeared  to 
him  to  differ  in  various  respects.  The  application  of  the  current  he 
observed,  "sets  the  auricles  into  a  rapid  flutter  .  .  .  The  movements  are 
regular;  they  seem  to  consist  of  a  series  of  rapid  contractions  .  .  .  The 
movement  does  not  show  any  distinct  sign  of  incoordination;  it  looks 
like  a  rapid  series  of  contraction  waves  passing  over  the  auricular  walls." 
It  was  his  opinion  that  the  difference  between  this  mechanism  and  that 
seen  in  the  ventricles  probably  depended  on  the  simpler  structures  and 
arrangements  obtaining  in  the  auricles. 

The  term  "flutter"  thus  coined  by  McWilliam,  whether  his  case  did 
represent  clear-cut  flutter  as  we  know  it  or  an  impure  flutter  or  a  coarse 
fibrillation  as  suspected  by  Lewis  (3),  was  nevertheless  adopted  by  others 
and  has  come  to  stay.  This  condition  is  said  to  have  been  unknown  in 
man  up  to  1908.  A  case  was  reported  by  Ritchie  as  early  as  1905  (4) 
which,  though  apparently  unknown  to  the  author,  seems  in  retrospect  to 
have  been  a  case  of  complete  auriculo-ventricular  heart  block  with  auricular 
flutter.  The  ventricular  rate  in  this  case  was  approximately  thirty-five 
and  the  auricular  rate  approximately  sixt3'^-six  a  minute.  Atropine  was 
administered  daily  for  .several  davs.  On  the  third  day,  the  auricular  rate 
was  found  to  have  risen  suddenly  to  275  a  minute.  This  persisted  for  a 
few  days  and  recurred  several  times  thereafter.  The  patient  was  observed 
for  six  years  and  was  reported  again  in  1910  (5)  when  the  rapid  auricular 
rate  had  become  stabilized  and  had  persisted  for  two  years.  The  patient 
was  said  to  have  been  comparatively  well,  his  general  health  having  been 
"better  than  six  years  ago."  Polygi-aphic  and  electrocardiographic  studies 
revealed  a  rapid,  regular  auricular  contraction  of  approximately  275  a 
minute  with  but  very  slight  \  ariations  when  given  atropine.  It  was  at 
this  time  that  the  authors  first  adopted  the  term  "flutter"  and  .stated  "we 
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prefer  to  term  tlie  condition  of  this  patient  aurieular  'flutter'  rather  than 
fibrillation." 

Hertz  and  Goodhart  (6)  are  credited  as  having  l)een  tlie  first  to  call 
attention  to  auricular  flutter  in  man.  Theirs  was  a  case  of  auricular  flutter 
in  a  thirty-nine  year  old  patient  with  rheumatic  cardiac  disease.  Curi- 
ously, although  auricular  flutter  is  depicted  mo.st  acciuately  by  the  electro- 
cardiogram, the  diagnosis  in  their  case,  the  first  recorded  in  man,  was  made 
clinically  without  the  aid  of  the  electrocardiogram.  Numerous  tracings 
taken  from  the  jugular  vein,  they  reported,  showed  "an  exceedingly  rapid 
but  absolutely  regular  pulsation."  These  tracings  "represented  genuine 
auricular  contractions."  They  maintained  also  that  the  auricular  beats 
could  be  seen  under  the  fluoroscope,  that  the.y  could  at  times  be  heard 
with  the  stethescope,  and  that,  in  their  case,  the  fine  venous  pulsations 
were  seen  in  the  retinal  veins. 

The  most  remarkable  feature  of  their  unique  case,  they  emphasized, 
was  1)  the  extreme  rapidity  of  theauricular  contractions,  2)  their  regularity, 
and  3)  their  constancy  over  long  periods. 

Marked  acceleration  of  the  auricles  was  not  regarded  as  uncommon  and 
was  in  fact  well  known  to  workers  at  this  time.  These  were,  however, 
the  auricular  tachycardias  and  auricular  fibrillations.  With  the  recognition 
of  auricular  flutter  a  new  entity  was  brought  into  the  field  of  clinical  medi- 
cine which  differed  from  all  the  others  in  one  essential  respect;  namely, 
with  this  disorder  there  was  usually  associated  some  measure  of  block 
between  auricles  and  ventricles.  However,  "the  chief  reason  for  separation 
of  'auricular  flutter'  as  it  is  termed,  from  the  simple  forms  of  paroxy.smaI 
tachycardias"  sugge.sted  Lewis  (7),  "is,  that  it  is  more  closely  related  to 
the  condition  which  is  known  as  auricular  fibrillation  and  that  in  many 
instances  flutter  may  pass  or  may  be  forced  by  digitalis  into  fibrillation." 

A  very  comprehensive  study  soon  appeared  on  auricular  flutter.  Lewis 
(8)  reported  sixteen  cases.  Some  were  his  owti  and  others  he  collected 
from  the  literature.  His  observations  in  this  study  were  basic  and  his 
descriptions  fit  the  clinical  picture  and  the  graphic  aspects  of  flutter  prac- 
tically a.s  we  know  them  today.  In  this  report  he  described  in  great  detail 
its  clinical  signs  together  with  its  arterial,  venous  and  electrocardiographic 
manifestations.  He  set  out  to  isolate  auricular  flutter  as  "an  affection 
which  must  stand  for  clinical,  if  not  for  pathological,  purpo.ses,  in  a  category 
of  its  own."  He  felt  that  the  term  "auricular  flutter"  aptly  described 
the  essential  condition  and  served  to  distinguish  it  from  an  allied  disorder, 
"auricular  fibrillation." 

The  ])ulse  rhythm  in  flutter,  he  pointed  out,  is  often  perfectly  regular  for 
long  periods  and  since  the  auriculo-ventricular  ratio  is  commonly  2:1, 
the  pulse  rate  usually  indicates  a  simple  tachycardia  from  120  to  150  a 
minute.  If,  on  the  other  hand,  the  ratio  is  4:1,  the  arterial  pulse  being 
60  to  75  a  minute,  the  condition  may  go  undetected.    The  most  confusing 
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pulse  rhj'thms  or  arterial  curv'es  he  cautioned  are  those  in  which  the  ven- 
tricular response  is  irregular,  for  this  type  of  response  may  be  confused  with 
auricular  fibrillation. 

The  venous  cur\e  in  flutter  when  the  ventricles  contracted  rapidly,  he 
found  unreliable.  In  ca.ses  where  the  ventricular  response  wa.s  slow  the 
auricular  waves  may  be  distinct  or  even  prominent.  One  gathers  from 
his  writing  that  he  was  not  much  impressed  \nth.  the  phlebogram.  He 
cautioned,  in  fact,  that  they  may  be  misinterpreted. 

It  was  in  the  electrocardiogram  of  flutter  that  he  made  a  lasting  con- 
tribution. The-se  he  studied  in  gieat  detail  and  pointed  out  their  basic 
characteristics.  He  spoke  of  the  auricular  complexes  in  flutter  as  re- 
markable for  their  constancy  of  form  from  ca.se  to  case.  The  resemblance 
in  shape  and  amplitude  l)etween  auricular  cycles  from  case  to  case  sug- 
gested to  him  "a  distinct  and  special  auricular  mechanism."  This,  .some 
years  later,  he  actually  proved  to  be  the  case.  The  auricular  wave  in  lead 
I  he  pointed  out  was  either  a  .small  pointed  summit  or  so  small  and  insig- 
nificant that  it  cannot  be  found,  while  in  leads  II  and  III,  he  stated,  "it 
run.s  on  either  .side  into  adjacent  complexes,  so  that  a  series  of  .such  com- 
plexes foiTn  a  continuous  wavy  or  zig-zag  line."  The  auricular  complex, 
whenever  the  on.set  can  be  defined,  he  stated,  is  found  to  be  almost  if  not 
quite,  a  purely  convex  summit  with  a  relatively  abrupt  upstroke  and  a 
relati\'ely  more  inclined  do^vnstroke. 

In  this  group  of  ca.ses,  Lewis  found  auricular  rates  as  low  a.s  200  and  as 
high  as  330.  In  none  of  the  records  taken  in  the  case  of  any  patient  on 
any  one  day  could  he  find  an  appreciable  change  in  the  auricular  rate.  He 
noted  also,  what  had  been  pointed  out  previously  by  Rihl  (9),  that  suf- 
ficiently strong  pressure  upon  the  vagus  would  stop  the  ventricles  for 
periods  of  several  seconds,  but  had  absolutely  no  effect  upon  the  auricu- 
lar rate. 

As  to  ventricular  respon-ses  to  auricular  flutter,  Lewis  recognized  that, 
although  a  1 : 1  ratio  is  rarely  present,  and,  although  the  ventricles  are 
capable  of  a  rate  which  corresponds  to  the  full  auricular  rate,  yet  the  com- 
mon response  even  under  stre.ss  is  a  2: 1  A-V  ratio.  This  is  the  dominant 
ventricular  rate  In  flutter,  the  ventricles  responding  to  every  second  auricu- 
lar impulse.  In  measuring  the  P-R  interval  preceding  the  ventricular 
respoase,  he  found  that  it  is  shorter  than  would  be  anticipated  in  the 
presence  of  a  2: 1  block.  This  suggested  to  him  that  the  ventricles  respond 
to  the  auricular  beat  preceding  the  one  adjacent  to  the  ventricular  com- 
plex. So  .strong  Is  the  tendency  for  the  2:1  ratio  to  dominate  the  heart 
action,  he  pointed  out,  that  .such  slight  exertion  as  raising  the  arm  or  a  few 
minutes'  conversation,  or  an  unexpected  visit,  would  provoke  in  some  pa- 
tients with  an  irregular  or  slow  ventricular  respon.se,  a  fast  and  regular 
heart  action,  which  on  relaxation  would  again  lapse  into  a  3 : 1 ,  a  4 : 1  ratio, 
or  an  irregular  beat. 
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The  readiness  with  which  digitaUs  or  strophantus  would  increase  the 
existing  l)lork  in  flutter  wa,'^  recognized.  In  this  condition  the  heart  ap- 
peared pecuHarly  susceptible  as  in  fibrillation.  Conversely,  when  the 
block  was  thus  increased,  atropine  would  reduce  the  block  and  restore  the 
original  \entricular  rate.  From  this  it  appeared  that  the  effect  of  these 
drugs  was  chiefly,  if  not  entirely,  through  the  vagi. 

That  flutter  had  a  strong  tendency  to  lapse  into  fibrillation  and  that, 
similarly,  fibrillation  would  often  revert  to  flutter,  impre.s.sed  Lewis.  In 
approximately  one-half  of  his  cases,  "one  condition  pas.sed  directly  into  the 
other."  From  this  he  postulated  that  the  two  conditions  "have  a  similar 
pathogeny."  His  suspicion  that  auricular  flutter  had  a  distinct  mechanism 
and  that  flutter  and  ftbrillation  were  basically  related  di.sorders  was  soon  to 
be  confirmed  by  him.  In  his  approach  to  the  problem  he  was  guided  by  cer- 
tain observations  of  two  contemporary  physiologists. 

One  of  them.  Mines  (10),  studying  what  he  termed  "reciprocating 
rhythm"  on  the  hearts  of  the  electric  ray  and  the  frog,  observed  that  after 
the  application  of  rhythmic  stimuli,  the  heart  exhibited  a  phenomenon 
which  gave  the  impression  that  not  only  were  the  beats  of  the  ventricle 
caused  by  those  of  the  auricle  or  bulbus,  but  that  these  chambers  in  turn 
were  activated  by  the  ventricle.  This  effect  he  noted  also  in  atropinized 
hearts,  thus  excluding  intracardiac  vagus  effects.  This  phenomenon  of 
retrograde  stimulation  giving  rise  to  a  "reciprocating"  auricular  beat 
puzzled  him.  In  an  attempt  to  explain  it,  he  rea.soned  that  since  "it  was 
unlikely  that  the  actual  tissue  which  transmitted  the  impulse  from  auricle 
to  ventricle  could  immediately  transmit  another  impulse  in  reverse  direc- 
tion," parts  of  the  auriculo-ventricular  connections  respon.sible  for  this  must 
have  been  quiescent  during  the  previous  transmission  from  auricle  to  ven- 
tricle. It  appeared  to  him  that  such  parts  of  the  bundle,  having  been 
partly  blocked  physiologicalh'  as  a  result  of  repeated  stimulation  and  there- 
fore unable  to  partake  in  direct  A-\'  transmission,  did,  however,  recover  in 
time  to  receive  the  impul.^ie  activating  the  ventricle  and  to  conduct  it  back 
into  auricle.  Such  an  auricular  impul'^e  he  believed  may  again  spread  back 
to  the  ventricles  by  way  of  bundle  fibers  which  did  not  participate  in  the 
retrograde  conduction. 

To  test  his  hypothesis  he  devised  a  rather  ingenious  experiment.  He 
made  a  longitudinal  incision  into  an  exci.sed  auriculo-ventricular  prepara- 
tion of  a  tortoise  heart,  cutting  through  the  anterior  and  posterior  walls  of 
t)oth  upper  and  lower  chambers  thus  producing  a  rhomboid  or  a  "ring." 
The  two  upper  arms  of  this  ring  consisted  of  auricular  muscle  and  the  two 
lower  of  ventricular  muscle.  The  auricles  were  thus  connected  to  the 
ventricle  laterally  in  two  places.  At  these  junctions  he  found  excitation 
could  pass  in  either  direction.  A  stimulus  applied  several  times  to  a  given 
segment,  invaded  successively  each  of  the  four  segments  in  a  clockwi.se 
fashion.    This  cycle  of  events  "was  repeated  over  and  over  again  \vithout 
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any  further  external  stimulation."  From  this  phenomenon  ]Mines  postu- 
lated that  the  reciprocating  rhythm  "may  reasonablj^  be  regarded  as  due  to 
a  circulating  excitation." 

This  curious  to-and-fro  movement  in  reciprocating  rhj'thms  reminded 
him  of  the  appearances  sometime  seen  in  the  fibrillating  mammalian  heart 
"with  the  difference  that  in  fibrillation,  different  portions  of  the  muscle  in  a 
single  chamber,  instead  of  separate  chambers  of  the  heart,  exhibiting  re- 
ciprocating rhythm." 

These  brilliant  experiments  of  Mines  lead  to  the  follomng  important 
conclusions:  1)  That  with  increasing  frequency  of  stimulation  of  heart 
muscle  the  wave  of  excitation  becomes  slower  and  shorter  and  that  the 
refractory  phase  is  shortened.  2)  That  if  a  closed  circuit  of  muscle  is  pro- 
vided, greater  in  length  than  the  excitation  wave,  a  wave  of  contraction 
may  be  set  up  which  will  continue  to  propagate  itself  round  and  round  the 
circuit  for  an  indefinite  number  of  times.  3)  That  in  fibrillating  heart 
muscle  in  which  a  slow  and  a  short  wave  of  excitation  is  once  started  by 
frequent  stimulation,  the  high  frequency  of  repetition  of  its  own  excitations 
itself  tends  to  maintain  the  condition. 

After  the  result  of  these  experiments  was  sent  to  press.  Mines  conducted 
still  another  and  perhaps  an  even  more  instructive  one.  He  cut  rings  from 
the  auricles  of  large  rays.  A  single  stimulus  applied  to  any  point  in  such  a 
ring  he  observed  started  a  wave  in  each  direction.  The  crests  of  these 
waves  would  finally  meet  and  die  out.  On  the  other  hand,  repeated  stimu- 
lation would  often  induce  a  wave  in  one  direction  only,  the  other  side  of  the 
point  of  stimulation  having  remained  refractory.  Such  a  wave  would  run 
around  the  ring  slowly  enough  to  permit  recovery  of  refractory  tissue  in  its 
path.  Thus  the  wave  in  such  a  ring  of  tissue  would  circulate  and  at  times 
continue  to  do  so  for  fifty  revolutions  or  more.  An  interpolated  extra 
stimulus  producing  refractoriness,  it  was  noted,  stopped  the  circulating 
mechanism  at  once. 

Apparently,  while  Mines  was  conducting  his  investigations,  significant 
experiments  were  carried  out  by  Garrey  (11).  Although  in  Carrey's  ex- 
periments rings  were  cut  from  fibrillating  tissue,  his  conclusions  in  the  main 
were  similar  to  those  of  Mines'.  He  added  that  the  persistence  of  cardiac 
fibrillation  is,  other  conditions  being  equal,  directly  proportional  to  the  size 
of  the  tissue  mass  involved.  The  form  of  the  tissue  he  pointed  out  was  also 
important.  Long,  narrow,  or  thin  pieces  recovered  promptly.  The  nar- 
row strips  even  when  connected  with  a  fibrillating  mass  or  when  faradically 
stimulated  did  not  fibrillate,  but  beat  "coordinately."  Tissue  rings  cut 
from  fibrillating  hearts  of  marine  turtles  ceased  fibrillating,  but  the  con- 
traction waves  continued,  repeating  the  circuit  about  the  ring  in  coordinate 
"circus  contractions." 

In  explaining  the  unidirectional  path  of  these  circus  contractions, 
Garrey  referred  to  experiments  of  others  who  had  produced  it  by  graded 
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mechanical  blocking  near  the  point  of  stimulation  of  a  muscular  ring.  In 
his  own  oxperimonts  he  claimed  to  ha\-e  observed  spontaneous  physiological 
blocking  of  tissue.  It  was  his  belief  that  such  blocks  probably  resulted  in 
intramuscular  ring-like  circuits  with  resulting  circus  contractions  and  that 
these  blocks  are  fundamentally  essential  to  th(>  process  of  circus  contrac- 
tions. 

Based  upon  and  formulated  in  strict  keeping  with  the  ring  experiments  of 
the  aforementioned  physiologists,  Mines  and  Garrey,  Lewis  in  1921  (12) 
presented  a  new  conception  of  th(>  underlying  m(>chanism  of  flutter  and 
fibrillation  of  the  auricles  in  man.  His  conception  of  the  nature  of  auric- 
ular flutter  may  be  explained  as  follows: 

Suppo.se  that  a  ring  of  muscle  is  stimulated  at  a  given  point  and  a  con- 
traction wave  is  thus  induced.  Such  a  wave  will  travel  in  two  directions 
beginning  at  either  side  of  the  point  of  stimulation  and  as  the  cre.sts  of  such  a 
pair  of  waves  of  excitation  advance  they  soon  meet  and  form  an  impassible 


Fig.  1.  In  Circle  I,  a  stimulus  is  applied  at  X,  and  a  contraction  wave  is  set  up 
which  travels  in  two  directions,  leaving  the  muscle  refractory  in  its  path  as  seen  in 
II.  In  III,  the  refractoriness  is  shown  to  have  begun  to  recover.  In  IV,  another 
stimulus  is  applied  at  the  original  point  X  and  a  second  contraction  wave  is  seen  to 
follow  in  the  wake  of  the  first.  The  crests  of  these  finally  meet  and  extinguish  each 
other  as  shown  in  \'. 

barrier  to  each  other.  Thus  both  waves  are  extinguished.  While  the 
bilateral  con\  erging  ai  c  of  excitation  waves  travel  toward  one  another,  the 
point  of  initial  stimulation  may  have  recovered  and  again  become  receptive 
to  stimulation.  Thus  a  second  pair  of  waves  may  be  made  to  follow  the 
first  and,  in  time,  these,  too,  will  extinguish  each  other.  Single  stimuli, 
properly-  timed,  produce  such  a  series  of  events  in  a  ring  of  muscle  (fig.  1). 

However,  when  the  rate  of  rhj'thmic  stimulation  is  raised  to  a  critical 
level,  that  is  when  shocks  are  applied  to  a  muscle  not  wholly  recovered,  the 
waves  thus  induced  may  not  tra\'el  freely  in  both  directions.  An  area  of 
refractoriness,  a  physiological  block,  may  prevent  its  bilateral  spread  and 
the  impulse  will  take  a  unilateral  path.  The  crest  of  such  a  wave  will  ad- 
vance and,  meeting  no  opponent,  will  tend  to  make  its  way  around  the  ring. 
If  stimuli  at  such  a  moment  are  withdrawn  and  recovery  of  the  muscle  mass 
permitted,  this  circling  single  crest,  on  making  its  way  toward  the  point 
where  it  started,  may  find  completely  recovered  muscle  in  its  path.  If  so, 
it  will  invade  the  area  previously  blocked,  advance  to  the  point  of  its  own 
start  and,  reinvading  it,  begin  another  circuit  (fig.  2) .    Thus,  as  long  as  con- 
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ditions  remain  unaltered,  it  repeat  its  performance  over  and  o\'er  again, 
continuing  its  course  "as  a  circulating  wave  which  has  no  ending."  TWs, 
Lewis  emphasized,  is  what  is  meant  by  circus  movement :  "it  is  constituted 
by  a  wave  of  response  which  travels  continuously  along  a  re-entrant  path  of 
muscle." 

Lewis  devised  a  method  whereby  he  was  able  to  trace  the  path  of  this 
circulating  wave  in  flutter.  He  produced  flutter  experimentally  in  the 
dog's  auricle  by  means  of  induction  shocks  applied  at  a  rapid  rate  and  then 


Fig.  2.  In  Circle  I,  a  temporary  unidirectional  physiological  block  is  indicated  at 
point  Y  (dotted  shading).  A  stimulus  applied  at  X  can  travel,  therefore,  in  one 
direction  only,  as  shown  in  II  and  III.  In  IV,  the  contraction  wave  having  com- 
pleted its  circuit  (Y  having  meanwhile  recovered)  reenters  the  point  where  it  origi- 
nally started,  passes  it  and  continues  (V)  as  a  self-perpetuating  ring  of  excitation  as 
long  as  there  remains  a  gap  of  receptive  (recovered)  muscle  in  its  path. 


Fig.  3.  Diagram  of  posterior  portion  of  auricle.  .\,  order  of  excitation  when 
impulse  spreads  normally  from  S-A  node  to  right  and  left  auricles.  B,  order  of 
excitation  in  "circus  movements"  during  flutter,    (.\fter  Lewis). 

suddenly  withdrawing  them.  Flutter  having  been  established,  he  con- 
nected galvanometric  recorders  to  three  points  chosen  in  the  line  of  the 
taenia  terminalis  and  recorded  the  action  currents  of  these  points  simul- 
taneously. As  the  excitation  wave  passed  beneath  these  chosen  points, 
their  passage  being  signalled  by  the  recorders,  a  curve  had  been  produced 
which  showed  that  each  wave  was  passing  regularly  from  the  region  of  the 
inferior  vena  cava,  up  the  taenia,  to  the  region  of  the  .superior  vena  cava. 
The  dimensions  of  the  area  of  muscle  ma.ss  having  been  mea.sured,  the  rate 
at  which  the  impulse  travelled  was  also  determined  (fig.  3). 
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This  experiment  demonstrated  that  the  path  of  the  circulating  wave  in 
flutter  is  within  a  natural  ring  of  muscle  formed  by  the  orifices  of  the  two 
venae  cavae.  The  circuit  in  the  dog's  auricle,  represented  in  the  diagram, 
was  completed  in  0.16  second,  so  that  380  circuits  wave  traversed  each 
minute.  The  closed,  central  or  re-entrant  path  is,  however,  not  invariable. 
Sometimes  the  course  in  flutter  is  different  or  the  course  may  be  reversed. 
In  some  cases  the  excitation  w'ave  may  travel  in  shorter  paths  as,  for  in- 
stance, around  the  mouth  of  a  single  cava  or  around  some  other  natural 


Fig.  4.  .\  schematic  diagram  representing  a  mass  of  auricular  muscle  within  which 
there  are  two  available  circuitous  paths  suitable  for  the  mechanism  of  circus  move- 
ment. A  wave  of  excitation  is  seen  to  travel  in  one  of  these  paths  (it  may  travel  in 
either  of  the  two  or  in  both  paths).  In  its  course,  the  central  ring  of  excitation, 
'"mother  ring"  sends  centrifugal  impulses  to  the  adjacent  musculature  activating  it 
to  contract  with  a  tempo  corresponding  to  the  rate  at  which  the  circus  movement 
traverses  its  path  per  minute. 

orifice  where  the  architecture  of  the  musculature  is  such  as  to  favor  this 
mechani.sm. 

The  excitation  wave,  of  course,  is  not  confined  to  the  central  or  re-entrant 
jjath  alone.  Offshoots  or  centrifugal  waves  spread  from  the  central  or 
"mother  ring"  peripherally  into  all  other  regions  of  the  auricular  muscula- 
ture way  out  to  the  tip  of  their  appendices.  Thus  the  whole  mass  of  the 
auricles  is  set  into  rhythmic  contractions  corresponding  in  tempo  to  the 
number  of  circus  movements  completed  per  second  (fig.  4).  Once  this 
mechanism  has  been  set  up  experimentally  it  was  observed  to  continue  for 
hours.    In  the  human,  we  know,  it  may  continue  for  years. 
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The  basic  condition  in  the  perpetuation  of  a  flutter  mechamsm  is  that 
there  always  be,  in  the  path  of  the  crest  of  the  circulating  wave,  a  recovered 
or  physiologicallj'  receptive  "gap"  of  muscle.  The  factors  upon  which  this 
depends  are:  1)  the  length  of  the  path,  2)  the  rate  of  advance  of  the  im- 
pulse and  3)  the  duration  of  refractoriness  of  the  auricular  muscle.  Clearly, 
if  any  of  these  factors  are  sufficiently  altered,  that  is,  if  the  path  becomes 
shorter,  or  the  circulating  impulse  travels  faster,  or  if  recovery  of  muscles  is 
delayed  (increased  refractory  period),  the  necessary  gap  of  adequately  re- 
sponsive tissue  for  the  impulse  to  invade  cannot  be  maintained.  Under 
such  conditions  the  mechanism  must  come  to  a  close.  This  so-called  gap 
was  destined  soon  to  attract  a  great  deal  of  attention  for  it  was  at  once  ob- 
vious that  if  by  any  therapeutic  means  such  a  gap  could  be  eliminated, 
clinical  flutter  and  its  close  ally,  fibrillation,  could  be  brought  to  an  abrupt 
termination. 

The  close  relationship  between  auricular  flutter  and  auricular  fibrillation, 
suggested  not  only  by  their  several  clinical  similarities  but  also  by  the  fact 
that  one  commonly  passed  into  the  other  or  could  be  forced  into  it  by  means 
of  drugs,  led  to  the  belief  that  in  auricular  fibrillation,  as  in  auricular  flutter, 
circus  movement  is  the  underlying  cause.  In  fibrillation  of  the  auricles  the 
total  irregularity  is  not  confined  to  the  ventricles  alone.  The  auricular 
mechanism,  though  it  resembles  that  of  flutter  in  many  respects,  is  also  es- 
sentially irregular.  In  contradistinction  to  flutter  the  auricular  oscillations 
in  fibrillation  of  the  auricles  are  some  fifty  per  cent  faster  and,  except  for 
short  stretches,  the  cycles  are  not  accurately  repeated.    Change  is  the  rule. 

In  his  attempt  to  decipher  the  auricular  mechanism  in  fibrillation,  Lewis 
pursued  experiments  similar  to  those  in  flutter.  He  found  it  impossible, 
however,  to  present  an  analysis  quite  so  convincing  as  in  flutter.  The  con- 
tacts which  he  placed  on  the  fibrillating  auricle  signalled  irregularly.  A  few 
impulses  even  failed  to  arrive  at  their  proper  destination.  The  experiment 
indicated  not  a  constant  path  like  in  flutter,  but  a  rather  sinuous,  changing 
and  shorter  pathway.  This  he  attributed  to  a  greater  degree  of  partial 
refractoriness  in  the  path  of  the  advancing  crest  of  the  excitation  wave. 
He  believed  that  the  gap  was  very  small  and  that  within  it  recovery  was 
xery  une\'en,  fiactional  as  it  were.  The  advancing  crest  would  therefore 
burrow  through  a  sinuous  path,  in  a  "staggering  fa.shion,"  .setting  into  con- 
traction stray  fractions  of  muscle-bundles  in  its  path.  The  path  or  central 
track  traversed  by  the  impulse  in  fibrillation,  thought  Lewis,  may  be  a 
wider  band  of  tissue  than  in  flutter,  but  "the  track  is  coarsely  sinuous  ...  it 
is  a  road  of  many  and  serious  obstacles." 

It  is  quite  possible  that  this  is  not  the  whole  story.  It  seems  reasonable 
and  not  too  fanciful  to  suppose  that  the  mechanism  of  auricular  fibrillation 
has  still  another  feature. 

The  impulse,  staggering  as  it  were,  in  a  broad  sinuous  path  to  w'hich  it  is 
generally  confined,  .seems  to  escape  from  time  to  time  into  a  .shorter  circuit. 
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Such  short  circuits  may  be  adjacent  to,  or  a  part  of,  the  dominant  path  be- 
cause the  corresponding  oscilhitions,  though  freciuent,  (up  to  500  a  minute) 
are  generally  well  defined  and  tend  to  be  repeated  periodically.  There  are 
indications  also  that  several  small  circuits  may  be  invaded  simultaneously 
leading  to  interference  phenomena  or  that  a  part  of  the  imj^ulse  may  com- 
pletely escape  into  bypaths  from  wliich  it  does  not  return.  This  is  indi- 
cated by  oscillations  that  are  shallow,  jumbled,  and  of  a  frequency  far 
beyond  the  late  of  any  mechanism  which  might  be  assigned  to  circulating 
rhythm  in  man  (fig.  5). 

At  any  rate,  circus  movement  is  seemingly  the  basic  mechanism  in  fibril- 
lation as  well  as  in  flutter,  the  two  differing  essentially  in  that  the  circuits  in 
fibrillation  are  shorter  and  more  inconstant.  The  number  of  impulses 
which  arrive  at  the  A-V  node  in  fibrillation  are  far  greater  than  in  flutter 
and  they  are  irregularly  spaced.  The  responses  of  the  ventricles,  with  the 
exception  of  cases  of  complete  A-V  heart  block,  therefore,  are  fundamen- 
tally irregular. 

Aside  from  the  circular  arrangement  of  the  musculature  at  the  natin-al 
orifices  of  the  auricles,  the  rate  of  the  oscillations  in  flutter  themselves  sug- 
gest that  in  attempting  to  locate  the  actual  paths  of  the  circulating  waves, 
we  must  look  to  these  natural  orifices  as  the  muscular  pathway. 

The  auricular  rates  of  flutter  in  man,  Lewis  found  to  vary  from  240  to 
350  a  minute.  In  fibrillation  they  are  about  fifty  per  cent  faster.  Ac- 
cording to  these  limits,  the  duration  of  a  circulating  wave  in  flutter  would  be 
0.25  to  0.17  second.  If  we  assume  a  rate  of  transmission  in  flutter  as  about 
500  millimeters  a  second,  the  length  of  the  path  would  vary  between  125 
and  85  millimeters.  Diameters  of  corresponding  circles  would  vary  be- 
tween 4  and  2.7  centimeters.  These  dimensions,  assuming  the  transmis- 
sion rates  are  correct,  would  nearly  correspond  to  the  diameters  of  the 
chief  orifices  in  the  auricles. 

In  the  case  of  auricular  fibrillation,  the  rate  of  movement  being  much 
faster,  similar  calculation  would  suggest  that  the  path  of  the  circuit  is  much 
shorter.  The  diameters  of  circuits  for  a  circulating  wave  at  a  rate  of  450  a 
minute  would  just  about  exceed  2  centimeters  in  length. 

While  physiologists  were  investigating  circus  rhythms,  a  mechanism 
wliich  was  finally  proposed  as  the  underlying  cause  of  auricular  flutter  and 
fibrillation  in  the  human  heart,  other  workers  were  attracted  by  the  effect  of 
certain  cinchona  derivatives  on  the  clinical  course  of  these  disorders. 
Wenckebach,  in  1914  (13)  reported  two  cases  in  which  quinine  presumably 
brought  fibrillation  of  the  auricles  to  an  end.  Stimulated  b}'  these  observa- 
tions, Frey,  in  1918  (14)  undertook  the  study  of  the  cinchona  alkaloids  and 
their  effect  on  auricular  fibrillation.  He  found  that  quinidin(%  a  dextro- 
rotary  isomer  of  quinine,  was  the  most  effective  member  of  the  group.  He 
reported  ten  cases  in  which,  by  the  use  of  quinidine,  he  was  able  to  restore 
noraial  sinus  rhythm  in  six  of  them. 
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Floy's  observations  were  soon  confirmed  by  others.  In  the  course  of  the 
next  three  years  there  were  at  least  a  hundred  cases  reported  in  the  Utera- 
ture.  Of  these,  approximately  fifty  per  cent  yielded  to  (juinidine.  As  ex- 
perience accumulated,  successive  reports  began  to  deal  with  the  effects  of 
the  drug,  and  its  indications  and  contraindications  were  pointed  out.  Re- 
porting his  own  observations  and  those  of  his  collaborators,  Lewis  in  1922 
(15)  summarized  existing  knowledge,  carefully  appraised  the  therapeutic 
value  of  the  drug,  listed  its  known  adverse  effects,  and  pointed  out  pre- 
cautionary measures. 

Although  careful  ob.scrvations  have  been  recorded  on  the  clinical  and 
graphic  aspects  of  the  period  of  transition  from  fibrillation  to  flutter  and  to 
normal  rhythm  effected  by  quinidine,  the  actual  mechanism  of  the  restora- 
tions of  sinus  rhythm  was  not  understood  at  this  time.  However,  with  the 
ad\ent  of  the  theory  of  circus  movement  explaining  the  cause  of  clinical 
flutter  and  fibrillation,  certain  features  of  the  effects  of  quinidine  suggested 
that  this  theory  might  also  explain  the  mechanism  of  restoration  of  normal 
sinus  rhythm  (16). 

In  studying  the  effects  of  quinidine  on  the  dog's  heart,  two  important 
reactions  stood  out.  The  drug  given  in  therapeutic  doses  per  kilogram  of 
body  weight  produced  conspicuous  lengthening  of  the  refractory  period, 
fifty  to  one  hundred  per  cent.  Its  further  action  was  a  slov\ing  of  conduc- 
tion in  the  aiu'icular  wall,  this  also  approximately  fifty  to  one  hundred  per 
cent.  If  the  theory  of  circus  movement  is  coi'iect,  namely,  if  the  auricular 
contractions  are  due  to  a  circulating  excitation  wave  which  continues  in  its 
path  by  virtue  of  a  gap  of  recovered  muscle,  the  two  reactions  mentioned  as 
resulting  from  quinidine,  should  profoundly  influence  this  mechanism. 
Lengthening  of  conduction  time  slows  the  auricular  rate,  permits  recovery 
in  the  path  of  the  circulating  impulse  and  thus  favors  the  perpetuation  of 
the  mechanism.  Lengthening  of  the  refractory  period,  though  tending  to 
eliminate  the  "gap"  by  reducing  the  area  of  recovered  muscle,  may  for  a 
time  fail  to  eliminate  all  gaps.  The  primary  effect  of  this  property  of 
(luinidine  is  to  close  small  circuits  and  to  shunt  the  impulse  into  longer 
channels,  thus  al.'JO  slowing  the  auricular  rate.  This  is  peihaps  the  main 
reason  why  quinidine  does  not  always  terminate  auricular  fibrillation.  It 
is  only  when  the  effects  of  quinidine  on  the  refractory  phase  of  the  auricular 
muscle  outweighs  its  effect  on  conduction,  it  is  only  then,  that  the  circus 
movement  finally  tends  to  come  to  a  close. 

Conditions  which  tend  to  close  the  gap  in  front  of  the  crest  of  the  cii-cu- 
lating  excitation  wave  are  several:  A  shortening  of  the  path,  an  increase  in 
conduction  rate,  or  an  increase  in  refractoriness  may  close  it.  However,  in 
([uinidine  therapy  the  first  two  are  inconsetiuential  and  may  be  disregarded. 
The  path,  as  a  result  of  quinidine,  actually  tends  to  become  longer  because 
the  impulse  escapes  into  longer  channels;  conduction  is  known  to  become 
slower.    Closure  of  the  gap,  therefore,  which  means  the  ending  of  the  circus 
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movement  would  receive  adequate  explanation  as  a  result  of  quinidine  only 
from  lengthening  of  the  refractory  period.  Knowing  this  reaction  to  be  al- 
ways present,  though  not  always  sufficiently  dominant  to  outweigh  the  ac- 
companying reaction  of  slowed  conduction,  we  can  understand  and  can 
anticipate  certain  clinical  results  which  we  often  witness  during  quinidine 
therapy.  Knowing  this,  we  can  understand  the  clinical  discrepancy  of  an 
abrupt  termination  of  the  disorder  in  one  case  and  the  complete  failure  of 
quinidine  to  terminate  it  in  another. 

The  i-eaction  of  the  heart  to  quinidine  actually  serves  as  a  test  for  the 
theorj^  upon  which  we  have  based  our  conception  of  the  mechanism  of 
auricular  flutter  and  fibrillation.  In  experimental  circulating  rhythms  it 
was  postulated  that  a  decreased  refractory  period  is  es.sential  to  their 
genesis  as  well  as  to  their  perpetuation.  Interference  with  muscle  recovery 
bj'  mechanical  means  or  by  electric  shock  was  found  to  teiTninate  the 
mechanism.  In  the  intact  heart,  experimental  or  clinical,  quinidine  has 
been  found  to  produce  a  physiological  block  by  increasing  the  refractory 
period,  and  to  terminate  the  mechanism  of  circus  movement.  The.se  ob- 
servations on  the  action  of  quinidine  hai'monize  remarkaljly  with  the  theory 
of  circus  movements.  This  accord  offers  strong  circumstantial  evidence 
that  the  theory  advanced  to  explain  the  underlying  cau.se  of  auricular 
flutter  and  fibrillation  is  a  sound  one.  Finally,  quinidine  served  not  only 
to  test  and  more  firmly  to  establish  this  theory,  but  also  brought  to  the 
clinician  and  investigator  valuable  confirmations  of  old  conclusions.  "One 
of  the  most  striking  of  these,"  states  Le\\is,  "is  its  final  proof  that  fibrilla- 
tion and  flutter  are  fundamentally  similar." 

The  theory  of  circus  movement  may  well  be  deemed  as  a  major  contribu- 
tion of  physiology  to  medicine.  The  results  of  its  application  in  the  solu- 
tion of  problems  in  the  diagnosis  and  treatment  of  auricular  flutter  and 
fibrillation  clearly  indicate  that  in  collaboration  with  physiology,  clinical 
medicine  is  destined  to  soh  c  many  of  its  most  important  problems.  Such 
collaboration  shotdd  be  a  major  aim  in  medicine. 
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History  will  probably  label  the  first  half  of  our  twentieth  century  as 
the  "Motor  Age"  or  the  "Flying  Era."  Much  will  be  said  about  the 
automobile,  and  still  more  about  the  invention  and  perfection  of  the  air- 
plane and  the  evolution  of  aviation.  These  developments  will  be  cited  as 
epoch-making  triumphs  in  the  field  of  engineering  and  aeronautics,  while 
the  role  of  the  pilot  and  of  the  medical  man  who  rendered  him  competent 
in  an  environment  otherwise  lethal,  will  receive  but  scant  attention. 

The  conquest  of  the  air  depends  on  two  factors,  the  plane  and  the  pilot. 
The  efl&cacy  of  the  plane  is  limited  to  the  efficiencj-  of  the  pilot,  i.e.,  to  hL=; 
ability  to  make  the  machine  do  his  bidding  at  all  times  and  under  all  cir- 
cumstances. Hence  the  development  of  the  flier  is  as  essential  as  that  of 
the  plane. 

The  development  of  the  airplane  in  reality  has  been  marvelous  beyond 
belief.  We  have  now  a  machine  that  can  travel  575  miles  per  hour,  can 
climb  to  52,000  feet,  can  carry  literally  tons  of  explosives  and  can  encircle 
the  globe.  The  airplane  at  present  constitutes  not  only  the  "eye  of  the 
army,"  but  also  the  most  destructive  war  weapon  known  to  mankind. 

An  overwhelming  preponderance  of  time,  effort  and  expense  has  been 
directed  to  the  development  of  the  machine;  by  comparison,  lamentably 
little  attention  has  been  given  to  the  flier  who  must  control  it.  Yet  every 
great  mechanical  success  has  made  additional  demands  upon  the  pilot  and 
created  for  him  new  and  unique  problems  which  must  be  solved  before  the 
ultimate  effectiveness  of  the  plane  can  be  realized. 

Here  aviation  medicine  has  stepped  in  and  undertaken  the  study  of  the 
problems  confronting  the  pilot,  the  demands  made  on  him  physically, 
p.'^ychically  and  mentally,  on  all  of  his  organs  and  vital  .senses,  especially  on 
sight,  hearing,  equilibrium,  and  on  his  nervous  system.  Through  under- 
standing based  on  accurate  knowledge,  aviation  medicine  attempts  to  select 
as  cadets  onh'  those  candidates  best  adapted  to  flying  and  fighting,  to 
assign  wisely  to  each  individual  pilot  the  tasks  he  can  best  perform,  and  to 
keep  each  and  every  flier  at  the  peak  of  his  efficiency  at  all  times  and  under 
all  conditions.  The  problems  facing  the  pilot  and  his  medical  advisers  are 
numerous,  baffling,  and  often  difficult  of  solution. 

Accidents  and  Deaths:  In  the  last  war  accidents  accounted  for  most  of 
the  deaths  in  the  air  service  and  the  figures  are  rather  appalling.  Three 
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pilots  were  killed  in  accidents  for  one  killed  in  combat.  In  the  Italian 
service  the  ratio  was  still  worse.  5  to  1 .  For  every  four  of  our  Hying  personnel 
arriving  at  the  front,  one  cadet  had  succumbed  to  accid(>nt  in  training. 
Disease  was  responsible  for  less  than  1  p(>i-  cent.  Accidents  accounted  for 
75  per  cent  of  the  681  deaths  in  tlie  air  service;  combat  for  le.ss  than  25 
per  cent. 

The  cause  of  accidents  may  be  divided  into  mechanical  imperfections  of 
the  plane  or  motor,  bad  flying  judgment  of  the  pilot,  and  unfavoralile 
weather  conditions.  Tlie  first  problem  belongs  to  the  engineer;  th(>  second 
to  the  medical  and  training  departments  of  the  air  service. 

Accidents  may  be  divided  also  into  avoidable  and  unavoidable  types. 
Thus  in  one  field  in  France  some  15  cadets  succumbed  to  accidents  in  the 
month  of  October.  In  10  of  these  accidents,  one  or  more  cau.ses  were  as- 
signed, 8  were  adjudged  avoidable.  Aviation  medicine  can  and  should 
prevent  most  of  the  accidents  of  the  avoidable  kind. 

Among  other  factors,  lack  of  physical  fitness,  actual  illness,  and  the 
effects  of  drugs,  of  too  much  tobacco  and  occasionally  perhaps  of  alcohol 
too,  were  responsible  in  some  instances.  Cadets  who  were  sick  and  failed 
to  report  it,  who  indulged  in  self-medication,  who  sometimes  took  as  much 
as  60  grains  of  aspirin  at  a  dose,  went  up  in  their  planes  and  often  crashed 
because  of  poor  flying  judgment  and  of  faulty  control. 

Why  were  fatal  accidents  so  common  during  the  last  war?  Necessity 
was  the  "Mother"  of  aviation  accidents.  The  immediate  and  imperative 
need  for  combat  pilots  at  the  front  was  probably  the  chief  cau.se  of  "crack 
ups"  in  training.  Pilots  were  demanded;  hence  the  tempo  of  training  had 
to  be  accelerated.  Despite  precautions,  the  incidence  of  accidents  in- 
creased. Because  of  the, stress  of  need,  safety  in  training  was  sacrificed 
to  speed. 

What  are  the  present  conditions  today  relative  to  flying  and  accidents? 
In  civil  aeronautics  flying  is  fast  l^ecoming  as  safe  as  any  form  of  transporta- 
tion. In  flying  schools  in  this  country  training  is  cautious  and  accidents 
relatively  infrecjuent.  This  is  the  result  of  safer  and  better  planes,  more 
gradual  and  better  training,  and  wiser  administration.  Personnel  is  still 
responsible  for  41  per  cent,  power  and  structure  for  30  per  cent,  and  weather 
conditions  for  25  per  cent  of  the  accidents. 

What  will  be  the  story  in  the  event  of  war?  Shall  we  again  be  compelled 
to  sacrifice  safety  to  speed?  Only  forethought  and  preparedness  can  pre- 
vent a  repetition  of  the  losses  our  service  suffered  in  the  last  war.  It  is 
essential  for  us  to  realize  that  pilots  cannot  be  trained  hurriedly  except  at 
a  frightful  cost  in  both  lives  and  planes. 

77)6  Problem  of  Altitude:  This  constitutes  one  of  the  most  important 
problems  facing  the  aviator.  !Man  is  designed  to  live,  breathe  and  func- 
tion on  the  earth's  surface,  and  not  to  soar  above  it  in  the  heavens.  Un- 
believable as  it  seems,  if  we  were  to  be  gently  lifted  some  seven  miles  into 
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the  air,  through  the  photosphere  into  the  stratosphere,  we  would  all  become 
unconscious  and  promptly  expire  because  of  lack  of  oxygen.  Even  at  two- 
thirds  of  this  height  most  of  us  would  become  ineffective  and  irresponsible, 
even  if  life  and  consciousness  were  spared. 

As  we  ascend  from  the  sea  level,  the  problem  of  oxygenation  becomes 
more  and  more  acute.  At  3,000  feet  breathing  is  increased;  at  12,000  feet 
the  intake  of  air  is  doubled,  at  20,000  to  30,000  feet  gas  begins  to  bubble 
out  of  the  cerebrospinal  and  other  body  fluids,  and  at  25,000  to  30,000  feet, 
ga.ses  may  separate  out  from  the  blood  and  lead  to  serious  and  perhaps  fatal 
air  traps  in  the  circulation.  The  R.A.F.  advises  the  inhalation  of  oxygen 
at  16,000  feet.  With  the  administration  of  oxygen  man  can  go  up  to  44,000 
feet,  but  the  airplane  can  do  much  better.  The  airplane  can  ascend  to  more 
than  50,000  feet  and  balloons  to  much  higher  levels.  Even  with  oxygen 
man  is  frightfully  outclassed  by  the  machine,  unless  he  travels  in  speciall}'^ 
constructed  suits  or  is  enclosed  in  a  compression  cabinet  or  chamber. 

Aviation  medicine  concerns  itself  wdth  the  effects  of  lowered  oxygen 
tension,  with  the  reactions  of  the  pilots,  and  with  the  best  methods  of  sup- 
pljdng  oxygen.  At  sea  level  air  pressure  is  760  mm.  Hg.  Oxygen  partial 
pressure  is  160  mm.  Hg.  When  50  mm.  Hg.  oxygen  partial  pressure  is 
reached,  most  people  are  in  dire  distress,  but  at  the  lower  limits  of  the 
stratosphere,  the  partial  pressure  is  only  35  mm.  Hg.,  which  is  too  little  to 
sustain  life  and  consciousness.  In  one  flight  to  33,000  feet,  two  of  three 
pilots  died. 

Even  at  relatively  low  levels  many  pilots  become  incompetent.  In  the 
last  war  this  problem  was  carefully  studied  by  aviation  medicine.  Artifi- 
cial flights  are  made  possible  by  a  decompression  chamber  in  which  the 
pilot  sits  as  the  air  is  carefully  and  cautiously  exhausted,  or  by  means  of  a 
"Rebreather,"  a  relatively  simple  apparatus  in  which  the  pilot  exhausts  the 
oxygen  supply  himself,  by  the  simple  process  of  re-breathing.  Under  these 
experimental  conditions  a  pilot's  ceiling  can  be  determined  in  advance,  i.e., 
at  what  height  competence  begins  to  fail.  Of  the  pilots  so  examined  in  the 
last  war  only  61  per  cent  in  our  service  were  competent  above  20,000  feet, 
25  per  cent  could  not  function  above  15,000  feet,  and  14  per  cent  were  not 
permitted  to  go  above  8,000  feet. 

What  happens  to  fliers  as  they  approach  or  transcend  their  indi^-idual 
ceilings?  They  develop  shortness  of  breath,  muscular  weakness,  often 
accompanied  by  marked  twitching  or  spasm  of  the  muscles.  Though 
euphoric,  judgment  becomes  deranged,  muscular  effort  uncertain  and 
faulty,  so  that  the  pilot  is  no  longer  competent  to  observe,  think,  or  act. 
Headache  develops,  a  dazed  condition  supervenes,  then  fainting  occurs 
with  unconsciousness,  and  sometimes  coma  and  convulsions  prior  to  death. 

What  can  medicine  do?  By  supplying  oxygen  in  adequate  amounts,  all 
these  symptoms  can  be  overcome  and  the  pilot  can  be  restored  quickly  to 
normal,  so  that  again  he  may  think  and  act  promptly.    Oxygen  may  raise 
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his  ceiling  by  10,000  to  15,000  foct.  It  may  hr  5iiv(>ii  hy  tube  or  by  mask, 
the  best  of  which  in  this  country  is  that  devisinl  by  Boothbv  and  Lovelace. 

Why  do  aviators  have  to  fly  so  high?  The  flier  with  altitude  has  all  the 
advantage  in  aerial  combat.  He  can  hover  over  and  swoop  down  on  his 
enemy  at  will.  In  addition,  anti-aircraft  fire  now  may  reach  to  30,000  feet, 
hence  pilots  must  fly  al)ove  this  level  to  be  out  of  range. 

With  adequate  o.xygen  supply  in  a  specially  constructed  cabinet  or 
chamber,  jiilots  may  be  quite  comfortable  at  even  much  greater  heights. 
Thus  Major  Stevens  tells  me  that  he  was  entirely  comfortable  so  far  as 
breathing  was  concerned  at  a  height  of  72,345  feet,  the  highest  altitude  yet 
attained  by  man.  Oxygen  in  concentrations  double  that  of  normal  was 
supplied  above  18,000  feet.  Thus  it  would  seem  that  aviation  medicine 
must  now  face  constantly  greater  altitudes  and  perhaps  also  the  problems 
of  keeping  pilots  competent  for  combat  in  the  stratospheric  levels. 

AUitude  ami  Cold:  Atmospheric  temperature  decreases  3.5°F.  for  each 
1,000  feet.  At  36,000  the  temperature  is  minus  70°F.  and  above  that,  al- 
most constant.  At  high  altitudes  pilots  have  to  be  prepared  to  resist  cold 
as  well  as  lack  of  oxygen.  Masks,  goggles,  gloves,  etc.,  must  be  consid- 
ered accordingly. 

The  Problem  of  "G":  Acceleration  and  "G"  is  a  new  problem  appearing 
and  increasing  in  importance,  pari  pasu,  with  increased  speed  of  flying  and 
diving.  A  bombing  pilot  dives  for  .some  thousands  of  feet,  then  suddenly 
"pulls  up  in  a  zoom".  At  the  beginning  of  the  zoom  his  weight  as  expressed 
by  pressure  may  have  increased  9  to  10  fold.  What  has  this  done  to  all 
the  tis.sues  and  fluids  of  his  body?  Blindness  and  even  momentary  un- 
consciousness may  result.  likewise  at  such  speeds  change  of  motion  in 
any  other  direction  may  result  in  somewhat  similar  effects.  A  sudden 
swerve  in  an  automobile  may  be  very  disconcerting  to  the  occupants  of  a 
motor  car;  but  what  happens  if  this  swerve  is  effected  in  a  plane  at  a  speed 
of  400  to  500  miles  per  hour  instead  of  at  40  to  50  miles?  Even  a  slight 
departure  from  the  straight  line  may  result  in  momentary  blindness. 
Ways  and  means  are  being  sought  to  prevent  this  "blackout"  and  to  pro- 
tect the  pilot  in  this  moment  of  stress  from  accident  and  injury. 

Stale ness  and  Flying:  Stalene.ss  in  flying  constituted  a  major  problem  in 
the  last  war.  Cadets  and  pilots  became  fatigued  and  "fed  up"  at  times. 
The  quality  of  performance  was  lowered  sometimes  to  the  level  that  flying 
became  actually  dangerous  for  that  particular  individual.  As  a  rule 
"grounding"  for  two  to  three  weeks,  with  rest  and  change  of  environment 
sufficed  to  restore  the  flier  to  good  health  and  to  flying  efficiency. 

Decompression  Illness:  During  the  present  war  the  most  important 
problem  facing  the  flj'ing  personnel  is  "Decompre.s.sion  Illness".  This  ap- 
pears in  pilots  after  prolonged  frequent  flights  at  high  altitudes  of  more 
than  30,000  feet,  and  de\'elops  irrespective  of  whether  or  not  they  have 
inhaled  oxygen.    The  symptoms  are  protean  and  bizarre,  but  include  such 
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phenomena  as  nervousness,  irritability,  excessive  fatigue,  apprehension 
and  paresthesias,  and  also  aches  and  pains  in  the  bones,  joints,  and  muscles, 
symptoms  somewhat  suggestive  of  the  "Bends"  encountered  in  "Caisson" 
or  "Compression  Disease."  Apparently  this  decompression  syndrome 
combines  many  of  the  clinical  manifestations  of  the  old  time  staleness,  of 
altitude  sickness,  and  of  Caisson  Disease.  The  sudden  and  excessive  pres- 
sure changes  to  which  the  pilot  is  exposed  may  well  be  the  etiological  factors 
concerned.  Under  any  circumstances,  this  "Decompression  Disease"' 
constitutes  the  most  pressing  problem  demanding  medical  investigation  at 
the  present  time. 

The  Eyes:  Good  eyes  are  absolutely  essential  in  the  air  service.  \'ision 
must  be  normal  in  both  eyes,  as  must  also  muscle  balance  and  convergence, 
since  the  latter  are  easily  deranged  by  oxygen  deficiency,  though  readily 
corrected  by  its  administration.  Glasses  may  improve  nonnal  vision  as 
much  as  50  per  cent.  Obviously  fogging  of  gla.s.ses  must  be  avoided.  Since 
the  pilot's  eye  becomes  the  "eye  of  the  army,"  his  vision  must  be  keen,  ac- 
curate, and  unobstructed. 

The  Ears:  Hearing  must  be  normal  and  the  Eastachian  tube  patent. 
In  diving  unless  the  Eustachian  tube  functions  easily,  pre.ssure  may  be- 
come so  great  as  to  burst  the  ear  drum.  Swallowing,  yawning  or  screaming 
are  utilized  at  times  to  force  the  tube  open. 

Equilibrium:  Individuals  who  are  hyper.sen.sitive  to  motion,  i.e.,  sea- 
sick, car  .sick,  swing  sick,  are  apt  to  be  air  .sick  also.  If  air  sickness  fails  to 
yield  to  proper  training,  the  pilot  is  next  to  useless.  Some  can  surmount 
this  difficulty.  One  of  our  leading  aces  in  the  last  war  is  reported  to  have 
been  an  air  sick  type  during  training.  Overcoming  this  handicap,  he  be- 
came one  of  our  greatest  fighters.  However,  in  the  selection  of  fliers,  those 
hypersensitive  to  motion  are  to  be  avoided. 

The  Brain  and  Xervous  System:  The  brain  and  ner\'ous  .system  obvi- 
ously are  subjected  to  serious  stresses  and  strains  of  various  kinds  in  flight 
and  aerial  combat.  They  must  be  organically  sound  for  admission.  Both 
the  R.A.F.,  and  the  R.  C.  A.  F.  emphasize  .^portsman.ship  in  the  selection 
of  fliers,  claiming  that  those  who  excel  in  football,  ciicket,  baseball,  etc. 
must  of  necessity  pos.sess  those  qualities  of  body  and  mind  es.sential  to  good 
flying  and  .success  in  combat.  Sportsmanship  also  connotes  a  competitive 
spirit.  Psychically  the  pilot  must  be  of  a  type  to  welcome  any  challenge 
in  flying  or  fighting.  The  "will  to  win"  and  the  "Esprit  de  corps"  are  all 
important.  In  the  R.  A.  F.  they  must  be  considered  largely  responsible 
for  the  failure  of  the  German  "Blitzkrieg"  against  England. 

However,  despite  all  our  knowledge  and  despite  the  best  efforts  on  the 

'  Special  studies  in  this  field  have  been  carried  out  by  the  London  Association  for 
War  Research  under  the  direction  of  Flight  Lieutenant  Evelyn.  From  these  studies 
it  is  evident  that  other  factors  besides  barometric  pressure  are  concerned.  It  is 
questionable  whether  the  term  decompression  disease  is  a  satisfactorj-  one. 
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part  of  all  those  best  informed  about,  and  responsible  for,  the  selection  and 
training  of  pilots,  a  rather  large  proi)orti()n,  probably  25  to  30  pcv  cent  of 
those  accepted,  fail  to  develop  into  good  fliers.  This  failure  in  itself  con- 
stitutes a  real  challenge  to  all  those  now  interested  in  aviation  medicine. 

Schools  of  Ariation  Medicine  and  Flight  Surgeons:  Two  outstanding 
schools  of  aviation  medicine  now  function  in  this  country,  one  for  the  Army 
at  Randolph  Field,  and  the  other  for  the  Navy  at  Pensacola.  Thoroughly 
familiar  with  the  problems  and  needs  of  aviation,  the  officers  constituting 
the  faculty  give  training  to  acceptable  physicians  in  all  matters  pertaining 
to  the  selection,  training  and  maintenance  of  health  and  efficiency  of  the 
pilots.  Graduates  of  these  schools  become  "Flight  Surgeons"  and  are 
assigned  to  live  with  pilots,  share  their  li\  es  and  problems,  and  help  them 
to  keep  fit  and  alert  physically  and  mentally.  Flight  surgeons  in  turn 
accompany  pilots  on  flights  and  thereby  learn  first  hand  and  from  i^ersonal 
experience  the  nature  of  the  problems,  hazards,  and  needs  of  the  fliers. 

The  Need  for  Research  in  Aviation  Medicine:  In  times  of  national  emer- 
gency a  great  people  will  always  arise  to  meet  the  occasion.  As  a  matter  of 
fact,  most  of  what  is  now  known  about  aviation  medicine  was  learned  in  the 
last  war,  and  learned  because  it  was  es.sential  to  success.  Xow  another 
emergency  faces  us.  Xew  problems  have  ari.sen.  More  information  is 
reciuired.  The  time  to  act  has  come  again,  and  we  as  medical  men  again 
must  do  our  share. 

But  in  times  of  war  other  and  equally  important  needs  also  present  them- 
selves. Our  schools  of  aviation  medicine  and  our  Flight  Surgeons  are 
taxed  to  their  full  capacity  to  meet  just  the  expanding  routine  needs  of  the 
air  service.  Thousands  of  young  men  must  be  given  careful,  detailed  and 
time-consuming  examinations.  The  ever  increasing  personnel  must  be 
aflforded  special  medical  .supervision.  Xew  Flight  Suigeons  must  be 
trained  and  assigned.  In  other  words,  an  imperative  need  for  routine 
makes  research  most  difficult  at  the  very  time  it  is  needed  most  urgently. 

Under  such  conditions  two  steps  would  seem  to  be  in  order,  1)  the  crea- 
tion of  a  special  research  organization  by  the  air  ser\'ice,  such  as  that  which 
functioned  in  the  last  war  in  Mineola,  and  in  the  3rd  A.  I.  C.  in  France, 
and  2)  the  creation  of  special  groups  of  physicians  and  scientists  interested 
in  research  for  the  prosecution  of  investigations  bearing  on  aviation  medi- 
cine in  various  scientific  institutions  throughout  the  country.  Such  groups 
already  exist  in  a  small  way  in  England  and  Canada,-  and  to  a  more  limited 
extent  here  in  our  own  country.  They  could  be  developed  in  extenso  and 
could  undertake  to  study  all  the  more  .serious  medical  problems  facing 
aviation. 

In  view  of  the  importance  of  the  air  service  and  in  the  face  of  the  obvious 
lag  in  the  development  of  the  pilots  as  compared  with  the  plane,  the  need 

=  During  1940,  the  author  helped  to  organize  such  a  unit  in  London,  Canada  and 
for  a  time  served  as  its  Director. 
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for  more  research  in  aviation  medicine  is  obvious.  Hence  it  behoo\'es 
medical  and  scientific  investigators  at  this  time  to  turn  their  attention  to 
some  of  these  problems  of  aviation  medicine. 

From  the  foregoing  it  is  evident  that  aviation  medicine  can  now  con- 
tribute much  to  the  welfare  of  the  air  service.  It  is  vitally  concerned  with 
the  selection  of  the  flier,  with  his  physical  and  mental  care,  with  his  educa- 
tion and  training,  and  with  the  solution  of  the  unique  problems  incident 
to  his  Calling.  In  the  Air  Service  aviation  medicine  to  date  has  already 
prevented  hundreds  of  deaths.  In  addition,  the  principles  taught  and  the 
practices  it  introduced  have  saved  literally  thousands  of  lives  among  those 
who  travel  by  air.  With  the  passage  of  time  and  the  more  universal  adop- 
tion of  flying  the  magnitude  of  the  service  of  aviation  medicine  will  become 
increasingl}^  greater.  But  for  optimal  results  and  to  meet  immediate  de- 
mands, more  and  more  research  is  needed  and  needed  most  urgently. 


HYPERTENSION    ASSOCIATING    ITKRIXE   FIBROIDS:  CON- 
SIDERED FROM  VIEWPOINT  OF  ETIOLOGICAL  CONNEC- 
TION AND  SURGICAL  RISK  (BASi:i)  ON  REVIEW  OF 

500  CASES) 

I.  C.  RUBIX,  .M.D.,  F.A.C.S.,  and  A.  M.  DAVIDS,  M.D. 

[From  the  Gynecological  Service  of  The  Mount  Sinai  Hospital] 

Hypertension  has  generally  been  considenHl  a  serious  handicap  to  the 
patient  with  fibroids  which  produce  symptoms  severe  enough  to  warrant 
operative  removal.  In  such  cases  th(>  element  of  risk  incidental  to  hys- 
terectomy is  considered  an  impoi  tant  factor  in  formulating  the  indication 
for  surgical  intervention.  In  certain  instances  of  hypertension  more 
conser\  ative  procedures  have  been  adopted  in  order  to  avoid  the  allegedly 
increased  hazards  of  operative  shock  and  postoperative  complications. 

Not  infrequently  x-ray  therapy  has  been  resorted  to  as  a  substitute  for 
hysterectomy  in  cases  of  fibroids  associated  with  hypertension,  notwith- 
standing the  fact  that  in  instances  of  submucous  myoma  it  promises  less 
certain  therapeutic  result  than  can  be  obtained  hy  surgery.  Following 
x-ray  treatment  the  submucous  myoma  may  become  torn  away  from  its 
pedicle  attachment  and  through  vascular  deprivation  become  necrotic 
giving  rise  later  to  serious  hemorrhages.  Radium  has  the  disadvantage  of 
producing  necrosis  by  direct  action  on  the  submucous  myoma. 

The  malignant  variety  of  hypertension  has  been  regarded  as  the  most 
serious  condition  associated  with  uterine  fibroids  as  it  is  in  the  presence  of 
any  other  pathological  condition  rocjuiring  major  surgery.  On  the  other 
hand  according  to  some  observers  the  operative  removal  apparently  has 
some  beneficial  effect  on  hypertension  of  this  type. 

The  possibility  that  x-ray  or  radium  treatment  may  aggravate  hyper- 
tension through  their  destructive  effects  upon  the  ovaries  is  a  question 
which  has  not  been  satisfactorih'  answered.  It  is  common  knowledge  that 
menopause  in  general  is  marked  by  increased  vascular  tension.  The 
production  of  artificial  menopause  in  the  presence  of  hypertension  would 
therefore  appear  to  be  undesirable.  Against  this  disadvantage  hys- 
terectomy offers  the  possibility  of  retaining  the  ovaries  thus  postponing  in 
the  majority  of  instances  the  onset  of  menopausal  disturbances. 

In  view  of  these  considerations  it  was  thought  desirable  to  review  500 
cases  of  fibroids  which  came  to  operation  and  to  note  the  incidence  of 
accidents,  mortality  and  complications  that  may  be  attributed  per  se  to 
the  hypertension.  The  series  consisted  of  imselected  and  consecutively 
operated  cases  from  the  gynecological  service  of  The  Mount  Sinai  Hospital. 

987 


988 


I.  C.  RUBIX  AXD  A.  M.  DAVIDS 


Of  the  500  cases  there  were  67  with  a  minimum  blood  pressure  of  150 
systoUc  and  90  diastolic,  and  pressures  exceeding  the  latter  which  are 
generally  accepted  as  criteria  of  h_vpertension.  In  view  of  the  natural 
incidence  of  hypertension  being  proportionate  to  advancing  years  the  cases 
were  divided  into  age  groups  according  to  decades. 

In  the  age  group  of  20  to  29  there  were  51  cases  of  fibroids  without  a 
single  hypertensive  patient.  Despite  ten  per  cent  of  the  fibroids  occurring 
in  the  third  decade  of  life  no  case  of  hypertension  was  encountered.  In 
the  group  of  30  to  39  years  there  were  228  cases  of  fibroids,  11  of  which 
showed  hypertension  (4.8  per  cent).  In  6  cases  the  blood  pressure  ranged 
between  150  and  159;  in  4  cases  160  and  169;  in  one  case  230.  Al- 
though constituting  almost  half  the  total  number  of  fibroids  (45.7  per  cent) 
hypertension  of  this  group  aggregated  16.2  per  cent  of  the  total  number  of 
hypertensive  patients. 

In  the  fifth  decade  of  life  there  were  188  cases  of  which  39  were  classified 
as  hypertensives.  The  percentage  was  15.4.  In  17  cases  the  pressure 
ranged  between  150  and  159;  in  9  cases  160  and  170;  in  5  ca.ses  170  and 
180;  in  5  cases  180  and  190;  in  one  case  190  and  200;  in  one  case  210  and  in 
another  case  230.  In  the  sixth  decade  of  life  there  were  41  cases  of  fibroids 
with  12  hypertensives,  a  percentage  of  29.2.  In  4  ca.ses  the  pres.sure  ranged 
between  150  and  159;  in  2  ca.ses  160  and  169;  in  2  cases  180  and  189;  in  one 
case  190;  in  2  cases  200;  in  one  ca.se  220  systolic  and  120  diastolic. 

Above  60  years  there  were  5  cases  out  of  10  (4  from  60  to  69  years;  and 
one  73  .years  old)  all  of  whom  were  classified  as  hypertensives.  This 
group  is  too  small  to  deduce  any  conclusions;  hypertension  is  obviously 
expected  to  be  highest  beyond  the  sixth  decade  of  life.  In  the  group  from 
60  to  69  years  the  blood  pressure  in  one  case  was  140  systolic  and  100 
diastohc;  in  2  cases,  162  to  165  sj'stolic  and  104  and  90  diastolic;  in  one 
case  190  systolic  and  100  diastolic.  In  the  group  of  70  to  79  years  the 
pres.sure  was  175  systolic  and  105  diastolic. 

The  incidence  of  hypertension  associated  with  uterine  fibroids  met  with 
in  the  fourth,  fifth,  sixth  and  seventh  decades  of  life  corresponds  in  general 
with  the  occurrence  of  increa.sed  arterial  ten,sion  in  larger  groups  of  women 
of  the  same  age  periods.  Of  special  significance  is  the  absence  of  hyper- 
tension in  the  third  decade  where  not  a  single  case  of  hypertension  was 
encountered  despite  the  fact  that  it  constituted  10  per  cent  of  the  fibroids. 

Although  500  cases  are  not  quite  enough  to  allow  of  final  conclusions, 
they  indicate,  nevertheless,  that  there  is  no  justifiable  basis  for  the  a.ssump- 
tion  that  the  presence  of  fibroids  by  themselves  induce  the  hypertensive 
state  or  that  they  have  any  appreciable  etiological  bearing  upon  this  con- 
dition. 

With  reference  to  the  theoretical  question  of  the  relation  between  the 
size  of  the  tumors  and  cardiovascular  strain  the  following  data  are  of  in- 
terest.   There  were  13  cases  with  fibroids  enlarging  the  uterus  in  size  from 
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Ik  months  of  pregnancy  to  3  months;  42  cases  with  uterine  enhirgement 
to  from  3  to  4  months  prefjinancy,  and  10  cases  with  uterine  enlargement 
varying  in  size  from  4^  months  to  8  months  of  pregnancy.  Two  cases 
showed  uterine  enlargements  to  about  the  size  of  full  term  i)regnancy. 

It  is  to  he  noted  that  the  uterine  enlargement  was  measured  in  terms  of 
gestation  to  wliich,  in  accordance  with  common  practice,  the  uterine  mass 
of  fibroids  was  roughly  and  approximately  compared.  Of  special  interest 
in  connection  with  the  problem  of  po.<sil)le  etiology  is  the  fact  that  of  the 
two  patients  with  the  largest  tumors,  in  one  the  Ijlood  pies.sure  was  150 
.systolic  and  94  diastolic  and  tlie  other  175  systolic  and  105  dia.stolic. 

From  the  \  iewpoint  of  increasing  tlie  hazards  of  surgery  the  stud>-  of 
these  500  cashes  .show  the  following  data: 

Only  one  postoperative  death  occurred  out  of  the  (57  cases  with  hyper- 
tension. This  was  a  patient  with  fibroids  and  bilateral  ovarian  adenocar- 
cinoma. CJastric  dilatation  followed  upon  the  .second  day  of  the  operation 
and  cerebral  embolus  with  hemiparesis  on  the  ninth  da.\-.  She  had  had 
mitral  stenosis  and  in.suflficiency.  The  neurologic  consultant  found  .symp- 
toms and  signs  indicating  focal  involvement  of  the  right  central  hemisphere. 
The  patient  died  on  the  thirteenth  day  after  operation. 

There  were  10  complications  following  operation  in  the  hypertensive 
group  (approximately  15  per  cent);  atelectatic  bronchopneumonia  in  one 
case;  pyelitis  in  one  case;  wound  infection  in  one  case;  marked  abdominal 
distention  recjuiring  Wangenstein  drainage  in  one  case.  Two  patients 
required  blood  transfusions  because  of  anemia;  two  patients  developed 
large  exudates  and  one  patient  had  postoperative  fever  for  which  no 
adequate  explanation  was  fovaid. 

The  complications  in  the  non-hypertensives  (433  cases)  were  as  follows: 
There  were  39  complications  (8.3  per  cent):  wound  .separation,  3  cases; 
marked  abdominal  distention  reciuiring  Wangenstein  drainage,  4  cases; 
wound  infection,  4  cases;  bronchopneumonia,  2  cases;  large  pelvic  exudate, 
2  ca.ses;  requiring  transfusion  8  ca.ses;  pyelitis,  3  cases;  pulmonary  infarct, 
2  cases;  hematoma  of  wound,  (5  ca.>;es;  pulmonary  infarct  with  atelectasis 
and  pneumonia,  2  ca.ses;  thrombophlebitis,  3  ca.ses.  Two  deaths  occurred 
in  this  series. 

The  surgical  and  medical  comphcations  enumerated  for  the  hypertensive 
cases  showed  an  apprecial^le  increase  over  the  comparative  group,  but  this 
does  not  appear  to  be  traceable  to  the  increase  in  blood  pressure. 

It  is  of  interest  to  compare  the  duration  of  ho.spital  .stay  of  the  ])atients 
in  the  two  groups.  In  the  hypertensive  group  (30  were  able  to  leave  the 
hospital  before  or  on  the  sixteenth  day  (approximately  93  per  cent)  while 
the  remaining  7  cases  remained  from  the  seventeenth  to  the  twenty-first 
day  indu.sive. 

Of  the  433  non-hypertensive  cases,  346  were  discharged  on  or  before  the 
sixteenth  day  (approximately  80  per  cent);  77  patients  were  kept  in  the 
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hospital  from  the  seventeenth  day  to  the  twenty-first  day  inclusive  (17.0 
per  cent);  10  patients  required  hospitalization  from  twentj'-two  to  thirtj-- 
eight  days  (2.3  per  cent) . 

The  period  of  hospitalization  is  of  particular  significance  since  44  of  the 
hyperten.sive  cases  were  associated  with  abnormal  cardiac  features.  These 
were:  heart  enlargement  in  30  cases;  mitral  .systolic  murmurs  in  6  cases; 
mitral  systolic  and  diastolic  murmurs  in  6  cases  and  aortic  sj'Stolic  and 
dia.stolic  murmurs  in  2  cases. 

The  anesthesia  consisting  of  a  combination  of  ethylene  and  ether  which 
was  applied  to  both  groups  was  equally  well  tolerated. 

In  the  past  four  years  3  ca.ses  of  fibroids  were  encountered  which  were  not 
considered  .suitable  for  operation  becau.se  of  an  a.ssociated  cardiovascular 
condition.    These  are  briefl}'  noted. 

Case  1.  Age  40  yrs.:  chief  complaint:  uterine  fibroids  with  menorrhagia.  frheu- 
matic  cardiovascular  disease).  Auricular  fibrillation.  Blood  pressure  1.50  systolic 
and  70  diastolic.  Uterus  size  of  6  months  gravidity:  double  mitral,  double  aortic 
murmurs.    Referred  for  x-ray  therapj-. 

Case  2.  Age  34  yrs.:  chief  complaint:  menorrhagia.  Blood  pressure  172  systolic 
and  70  diastolic.  Uterus  enlarged  to  size  of  4  months  gravidity;  double  mitral  mur- 
murs: double  aortic  murmurs.    Medical  consultant  advised  x-ray  therapy. 

Case  3.  Age,  .36  j'rs.  Fibroid  uterus  size  of  6  weeks  gravidity:  heart  enlarged:  eye 
ground  changes;  malignant  phase  of  essential  hypertension.  Blood  pressure  230 
systolic  and  150  diastolic.    Operation  deferred. 

SUMMARY 

In  a  series  of  500  consecutive  cases  operated  upon  for  uterine  fibroids, 
hypertension  was  encountered  in  67,  an  incidence  of  13.4  per  cent.  Ana- 
lyzed with  reference  to  the  age  groups  there  appeared  to  be  no  appreciable 
increase  in  hypertension  which  could  be  attributed  to  the  presence  of  these 
uterine  tumors.  The  review  further  showed  that  hypertension  per  se  does 
not  seriously  increase  the  risk  of  hysterectomy  and  need  not,  except  in  the 
malignant  type,  contraindicate  surgical  intervention. 
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BELA  SCHICK,  M.D. 
[Xew  York] 

Among  the  many  problems  in  rheumatic  disease,  those  pertaining  to 
etiology  and  allergy  are  most  frequently  discussed;  thej'  belong  together. 
As  regards  the  foi-mer,  it  is  not  my  intention  to  go  into  this  difficult  ques- 
tion beyond  making  the  following  few  remarks.  The  streptococcus  with 
its  special  characteristics  is  still  uppermost  in  these  discussions  with  no 
definite  solution  in  sight.  It  is  very  probable  now  that  a  new  means  of 
observation  has  been  made  available  In-  the  construction  of  the  electrone 
microscope  that  "\  irus  studies"  will  be  undertaken  with  new  vigor. 

The  relationship  of  rheumatic  disease  to  tul:)crculosis  deserves  much 
attention.  Coronini  (1)  only  recently  published  results  of  her  studies  of 
Tbc.  bacillemia,  representing  10  years  of  work  and  the  observations  on  1800 
blood  cultures,  with  special  attention  to  rheumatic  disease.  She  cultured 
160  strains  of  Tbc.  bacilli,  132  of  which  she  checked  by  histological  ex- 
aminations, and  recultured  from  the  guinea  pig.  Loewenstein  (2)  speaks 
of  rheumatic  disease  as  a  "Paratulierculous"  condition.  His  painstaking 
studies  have  not  been  accepted,  although  it  must  be  conceded  that  many 
features  of  rheumatic  disease  resemble  tuberculosis.  There  are  authors 
who  are  even  inchned  to  regard  the  A-schoff  bodies  as  some  kind  of  modi- 
fied tubercles. 

A  great  deal  of  controversy  exists  as  to  what  type  of  streptococci  should 
be  accepted  as  the  causative  agent.  Small  (3)  emphasises  the  cardio- 
arthritic  streptococcus,  whereas  Coburn  (4)  stresses  the  toxin  producing 
hemolytic  streptococci  which  enter  through  the  respiratory  tract.  The 
streptococcus  at  best  is  regarded  as  a  secondary  in^•ader  in  association 
with  a  virus  and  is  considered  responsible  for  the  recurrence  of  rheumatic 
symptoms.  The  peculiar  response  of  rheumatic  patients  to  the  invasion 
of  toxin  producing  hemolytic  streptococci  is  pointed  out  by  Coburn.  This 
peculiar  response  to  infectious  agents  may  not  be  entirely  restricted  to 
streptococci.  Interesting  results  obtained  in  the  study  of  antibodies  pro- 
vided by  certain  strains  of  streptococci  can  also  be  taken  as  proof  that  a 
close  relationship  exists  between  such  streptococci  and  rheumatic  disease. 

Of  importance  also  is  the  occurrence  and  recurrence  of  rheumatic  .symp- 
toms in  the  course  of  scarlet  fever,  a  disease  in  which  a  special  strain 
streptococcus  is  considered  a.-^  the  causative  factor.  On  the  one  hand  it  is 
observed  that  rheumatic  patients  seldom  develop  scarlet  fever,  indicating 
the  existence  of  a  certain  immunity  against  streptococci.    But,  on  the 
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other  hand,  rheumatic  disease  may  begin  or  recur  during  an  attack  of  scar- 
let fe\'er,  a  fact  which  can  be  best  explained  by  a  form  of  sensitivity  or  an 
allergic  reaction  to  members  of  the  streptococcus  family,  induced  by  scar- 
let fever.  It  is  interesting  that  during  an  intensive  study  of  scarlet  fever 
in  Vienna,  I  saw  endocarditis  appear  during  scarlet  fever  in  only  six  out  of 
2000  cases.  Pospischill  (5)  with  his  wide  experience  in  scarlet  fever  also 
drew  attention  to  the  raritj'  of  endocarditis  in  this  disease.  These  ob- 
servations are  more  significant  when  it  is  recalled  that  synovitis  relatively 
frequently  appears  as  an  early  sign  during  the  first  week  of  the  disease 
and  that  these  forms  of  synovitis  disappear  without  leading  to  \-alvular 
affliction.  Therefore,  I  (6)  was  in  favor  of  separating  these  forms  of 
"synovitis"  from  the  general  category  of  rheumatic  disease.  There  are 
also  numerous  cases  of  scarlet  fever  showing  arrhythmia,  systolic  murmurs, 
and  some  dilatation  of  the  heart.  Such  cases,  however,  cleared  up  entirely 
and,  therefore,  the  diagnosis  of  a  rheumatic  valvular  disease  becomes  un- 
tenable. I  suggested  the  term  "myasthenia  cordis"  for  this  peculiar  heart 
condition. 

In  New  York  the  situation  is  quite  different.  Paralleling  the  greater 
frequency  of  rheumatic  disease  in  this  city  there  are  (and  I  saw  and  know 
of)  manj'  more  cases  of  real  rheumatic  disease  which  have  their  beginning 
during  the  scarlet  fever  process  than  I  have  encountered  in  Vienna.  Simi- 
lar observations  have  been  reported  in  England. 

This  would  indicate  that  the  causative  agent  of  rheumatic  di.sease  is  more 
prevalent  in  New  York.  It  may  be  present  in  a  latent  form  and  released 
during  scarlet  fever  (7). 

I  wish  to  emphasize  the  fact  that  rheumatic  disease  is  rare  among  infants 
and  infrequent  during  the  second  year  of  life,  which  may  point  to  a  trans- 
mission of  immunity  against  rheumatic  infection  by  the  mother.  This 
immunity,  howe\'er,  becomes  lost  after  the  first  two  j^ears  after  birth,  a.s 
in  the  case  of  other  infectious  diseases.  The  study  of  families  with  children 
showing  rheumatic  disease  in  infancy  reveals  significant  information. 
Thus,  there  are  reports  of  occurrence  of  rheumatic  infection  in  a  newborn 
infant  of  a  mother  suffering  with  rheumatism.  Similarly  significant  is  the 
high  incidence  of  rheumatic  disease  in  children  of  families  in  which  the 
parents  or  relatives  are  suffering  from  this  disease.  This  may  I)e  due  partly 
to  more  intensive  exposure  and  partly  to  greater  susceptibility.  Similar 
observations  can  be  made  in  tuberculous  families.  However,  it  is  to  be 
borne  in  mind  that  exposure  to  infection  is  a  more  important  factor  than 
the  hereditary  influence. 

With  regard  to  the  problems  of  etiology,  I  wish  to  point  out  that  the 
streptococcus  is  considered  to  play  a  more  important  role  in  relation  to  the 
recurrence  of  rheumatic  symptoms,  than  as  the  real  cause  of  rheumatic 
disease. 

With  this  introduction  we  may  approach  the  problem  of  allergy.  \'arious 
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observers  noted  the  fart  that  a  respiratory  infection  (particularly  sinus, 
nose  and  throat  infections)  precedes  the  onset  of  rheumatic  symptoms  in 
the  joints  by  about  fourteen  days.  The  fact  that  serum  disease,  sometimes 
accompanied  hy  joint  symptoms,  has  a  similar  incubation  period  leads  one 
to  the  hypothesis  that  the  rheumatic  "syndrome"  just  as  the  scrum  disease 
is  an  allergic  manifestation  in  reaction  to  a  foreign  protein.  The  protein 
components  of  the  causati\  e  agents  sensitize  the  organism;  fever  and  other 
manifestations  are  the  result  of  an  antigen-antibody  reaction.  In  this 
sense  rheumatic  disease  does  not  differ  from  all  other  diseases  which  have  a 
relatively  fixed  incubation  period  sucli  as  measles,  typhoid  fever,  smallpox, 
etc.  There,  according  to  the  theory  of  Pirquet  and  Schick,  the  incubation 
period  is  necessary  to  provide  for  the  production  of  bacteriolytic  and  other 
antibodies.  These  antibodies  either  set  free  endotoxic  substances  by 
destroying  the  invading  germs  or  create  "apotoxic"  substances  by  the  in- 
teraction of  protein-like  substances  excreted  by  the  micro-organism  or  such 
as  are  present  within  their  bodies.  It  is  the  latter  mechanism  particularly 
which  comes  under  consideration  in  the  case  of  serum  sickness  where  one 
deals  with  an  inanimate  substance  (foreign  protein)  which  does  not  mul- 
tiply. 

In  acute  infections,  the  duration  of  the  disease  is  limited  because  the 
invaded  organism  is  able  either  to  destroj-  the  pathogenic  germ  in  a  rela- 
tively short  time  or  make  it  harmless  (virus).  In  subacute  diseases  this 
process  of  destruction  needs  more  time,  while  in  chronic  diseases  this 
defense  mechanism  is  not  efficient  enough  to  quicklj'  eliminate  or  destroy 
the  invading  germ  or  virus.  Only  some  form  of  equilibrium  may  be  at- 
tained with  the  symptoms  subsiding  and  reappearing.  Months  and 
even  years  are  necessarj-  to  arrest  the  di.sease.  If  we  consider  rheumatic 
disease  from  such  a  point  of  view,  allergic  features  must  be  expected.  I 
have  seen  several  cases  of  rheumatic  disease  which  were  ushered  in  by  re- 
peated eruptions  of  urticaria,  so  that  at  first  a  food  allergy  was  suspected. 
The  allergic  nature  of  rheumatic  symptoms  cannot  be  diflferent  from  those 
in  other  diseases.  Many  authors  regard  the  reaction  of  the  diseased  ti.ssue 
as  "hyperergic,"  mainly  because  it  is  more  intensive  than  the  usual  "aller- 
gic" reaction  to  the  repeated  contact  between  antigenic  substances  and 
antibody.  Intensive  hyperemia,  excessive  exudation  or  rapidlj-  develop, 
ing  edema  are  characteristic  symptoms  of  such  a  "hyperergic"  reaction- 
However,  the  two  week  interval  between  the  preceding  "respirator}'  in- 
fection" and  the  onset  of  rheumatic  disea.se  is  not  enough  to  call  the  di.s- 
ease "hyperergic"  in  character.  If  rheumatic  disease  in  its  first  attack 
or  later  in  its  course  would  show  very  intensive  exudation  into  the  joints 
accompanied  with  intensi\  e,  general  toxic  .sATnptoms  it  would  be  reason- 
able to  consider  the  symptoms  as  "hyperergic."  Indeed,  in  the. history 
of  rheumatic  infection  hyperergic  forms  of  rheumatic  disea.se  are  re- 
ported.   The  so-called  "cerebral"  rheumatic  process,  sometimes  fatal. 
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characterized  by  hyperpyrexia  and  cerebral  manifestations  (delirium, 
hallucinations,  coma,  etc.)  represents  an  expression  of  an  hypersensitive 
organism.  It  is  interesting  to  note  that  such  forms  of  rheumatic  disea.se 
are  now  rarely  seen.  This  "may  be  due  to  the  attenuation  of  the  causative 
agent  or  to  the  improved  defense  mechanism  of  the  population. 

The  occurrence  of  such  a  change  in  the  intensity  of  disease  is  knoAATi,  as 
exemplified  by  lues  which  for  centuries  was  frequently  a  deadlj'  disease. 
Also  the  smallpox  virus  seems  to  be  somewhat  attenuated  in  the  United 
States. 

As  I  consider  the  clinical  manifestations  of  rheumatic  disease  from  the 
viewpoint  of  allergy,  I  see  no  principal  difference  between  rheumatic 
disease  and  tuberculosis.  There  is  an  incubation  period  between  invasion 
and  the  appearance  of  the  first  symptoms.  In  tuberculosis  the  first  symp- 
toms become  manifest  later  than  in  rheumatic  disease  and  are  usually  in- 
.sidious  in  their  onset.  Tuberculosis  has  its  acute  stage  which  slowly 
subsides  and  eventually  relapses.  In  tuberculosis  there  is  the  great  ad- 
vantage of  being  able  to  detect  the  presence  of  the  disease  by  testing  A\-ith 
tuberculin,  while  unfortunateh',  such  skin  testing  is  not  available  for  rheu- 
matic infection.  All  skin  tests  to  substances  derived  from  streptococci  are 
as  yet  unsatisfactory  and  rather  confusing. 

So  far  the  results  obtained  from  the  examination  of  antistreptolysin  or 
complement-fixing  antibodies  have  not  led  to  any  definite  conclusions.  In 
this  respect  it  may  be  recalled  that  even  in  semm  sickness  the  search  for 
precipitin  and  other  antibodies  has  difficulties.  Onh^  passive  traasfer 
yields  proof  of  the  existence  of  antibodies.  In  rheumatic  disease  also  no 
antitoxic  antibodies  could  be  found.  The  presence  of  antitoxic  antibodies 
would  rather  prevent  the  development  of  clinical  symptoms  of  allergj-. 

In  conclusion  I  would  say  that  rheumatic  disease  produces  clinical 
symptoms  characteristic  of  allergy  not  differing  from  those  of  allergy  in 
other  infectious  diseases.  As  a  rule  no  hyperergic  reaction  manifests  itself 
clinically. 
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BILATERAL  THROMBOSIS  OF  THE  POSTERIOR  CEREBRAL 

ARTERIES 

KAUFMAN  SCHLIVEK,  M.D. 
[New  Y'ork  City] 

Wc  are  indebted  to  the  work  of  Holmes  and  Lister  (1)  for  the  localiza- 
tions of  the  visual  funotions  in  the  occipital  lobes.  In  1916  they  studied 
many  cases  of  gunshot  wounds  of  the  occipital  region  and  determined  the 
representation  of  the  peripheial  and  macular  areas  of  the  retina  upon  the 
visual  center. 

The  \  isual  center  is  mainly  on  the  mesial  aspect  of  the  occipital  lobe  and 
is  divided  into  an  upper  and  lower  ])art  by  the  calcarine  fissure.  Above 
this  fissure  is  the  cuneate  lobe,  below  it  is  the  lingual  gyrus.  The  vi.sual 
center  also  extends  on  to  the  con\  ('xity  of  the  occipital  lobe  at  its  posterior 
extremity.  The  calcarine  fissure  forms  a  l)oundary  line  between  the 
cortical  representation  of  the  upper  and  lowei-  (juadrants  of  the  correspond- 
ing half  of  the  vi.sual  field  in  both  eyes  (2). 

The  visual  cortex  is  supplied  by  branches  of  the  posterior  cerebral  arteiy, 
while  the  macular  area  is  supplied  by  both  the  posterior  and  middle  cerebral 
arteries,  so  that  if  one  of  these  ve.s,-<els  is  blocked  by  embolus  or  thrombosis, 
the  other  will  supply  blood  to  this  area  of  the  cortex.  Thrombosis  of  the 
posterior  cerebral  arterj',  therefore,  causes  a  crossed  hemianopsia  with,  as  a 
rule,  escape  of  the  fixation  point  (3).  Bilateral  thrombo.sis  of  the  posterior 
cerebi-al  arteries  causes  at  first  complete  blinchK^ss,  double  hemianopsia, 
with  subseciuent  recovery  of  a  small  area  of  central  vision,  about  five  de- 
grees around  the  fixation  point.  Occlusion  of  the  posterior  cerebral  artery 
is  most  likely  to  take  place  in  the  cortical  and  especially  the  calcarine 
branches. 

The  onset  of  hemianopsia,  due  to  thrombosis  of  the  calcarine  artery,  may 
be  accompanied  b>-  xanthopsia;  one.  of  Harris'  (4)  patients  with  hyperpiesis 
developed  right  hemianopsia,  saw  everything  bathed  in  a  golden  light 
minutes  before  her  vision  failed.  Holmes  also  cjuotes  a  case  of  a  woman 
with  an  occijiital  lesion  who  saw  golden  crosses  and  figures. 

Monbiun  (5)  in  a  review  of  the  subject  states  that  lateral  homonymous 
hemianopsias  of  \  ascular  origin  are  i-arely  due  to  hemorrhage.  Practically 
alwa>'s  they  are  the  r(\sult  of  ischemia.  Arterial  obstruction  may  be  caused 
b>-  embolism,  but  most  commonly  it  is  due  to  arteritis  (syphilitic  or  ather- 
omatous), to  which  may  be  superadded  a  spasmodic  element  which  has  been 
occasioned  by  general  circulatory  change.  In  certain  cases  at  least  there  is 
a  definite  sequence  of  stages:  endarteritis  with  subtotal  obliteration; 
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spasm;  ischemia,  which  may  be  relative,  transitory  or  in  any  event  not 
destructive  from  the  onset,  but  which  wiW  eventually  become  complete, 
leading  to  softening  of  the  brain  even  in  the  absence  of  any  total  anatomical 
obstruction  of  the  artery. 

CASE  REPORT 

History.  J.  M.,  male,  white,  age  7C  was  first  seen  on  March  9,  1935.  There  was  a 
family  history  of  diabetes.  In  1914  he  had  a  carbuncle  on  the  neck.  From  1933  he 
had  been  subject  to  intermittent  claudication,  particularly  in  the  right  leg,  whenever 
he  walked  a  few  blocks.  In  July  1933  he  had  lobar  pneumonia  followed  by  pleurisy 
and  effusion.  Formerly  he  weighed  238  lbs.;  in  1935  he  weighed  187  pounds.  The 
blood  sugar  was  frequently  determined  and  ranged  between  150  and  200  mg.  per  100  cc. 

Examination.  An  obese  elderly  man  with  an  emphj^sematous  chest.  His  pulse 
was  slow  (60  per  minute).    The  blood  pressure  was  140  systolic  and  90  diastolic. 

1  2 

Fields:  1— December  13,  1937 

2—  December  24,  1937 

3—  February  21 ,  1938 

4—  June  22,  1938 

There  were  no  cardiac  murmurs;  but  the  heart  sounds  were  distant.  The  liver  and 
spleen  were  not  palpable.  His  feet  were  cold  and  neither  the  dorsalis  pedis,  posterior 
tibial  nor  popliteal  vessels  could  be  felt  on  either  side.  The  femoral  pulses  were  ex- 
cellent.   The  fundi  showed  diabetic  retinitis. 

Laboratory  data.  Urine  specific  gravity,  1020;  no  albumin;  no  sugar;  no  casts  or 
pus  cells.  X-ray  examination  of  the  chest  showed  the  heart  to  be  slightly  hyper- 
trophied;  the  knob  of  the  aorta  was  prominent  and  its  edge  was  rather  dense,  indicat- 
ing arteriosclerosis  and  possibly  a  little  calcification.  An  electrocardiogram  showed 
left  ventricular  preponderance. 

Course.  In  November  1937  he  had  an  upper  respiratory  infection.  This  was  fol- 
lowed by  a  rather  severe  sinus  attack  which  was  treated.  About  that  time  he  com- 
plained of  increasing  haziness  of  vision  and  difficulty  in  reading.  He  complained 
also  that  his  memory  had  been  defective.  Except  for  absent  knee  jerks,  which  was 
attributed  to  diabetes,  he  showed  no  evidence  of  a  neurological  disturbance. 

Ophthalmological  history.  On  December  8,  1937  he  was  seen  by  his  oculist  in  Balti- 
more who  had  observed  him  over  a  period  of  ten  years  and  for  several  years  he  had 
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found  "diabetic  retinitis".  The  onset  of  his  more  recent  symptoms  was  insidious. 
About  four  weeks  earlier  he  stumbled  over  a  step  which  he  apparently  was  unable  to 
sec,  and  on  Thanksgiving  Day  he  complained  that  he  could  not  see  well  enough  to 
carve  the  turkey.  However,  he  was  able  to  continue  his  work  for  several  days  when 
he  suddenly  noticed  a  geometrical  pattern  before  his  eyes  and  became  unable  to  read. 
This  positive  scotoma  disappeared  in  a  day  or  so  but  his  vision  did  not  clear.  The 
doctor  could  not  obtain  satisfactory  fields  but  thought  he  was  suffering  from  retro- 
bulbar neuritis  due  to  the  diabetes. 

The  patient  was  seen  by  me  on  December  13,  1937.    His  vision  was  O.D.  20/20, 

0.  5.  20/20.  The  pupils  reacted  normally.  There  were  incipient  lens  changes  and 
a  few  fine  vitreous  floaters.  Fundi:  O.D. nerve  head,  of  a  fairly  good  pink  color; 
arteries,  narrow.  There  were  a  few  fine  hemorrhages  along  the  inferior  temporal 
vessels.  There  was  a  group  of  hard  white  exudates  above  and  temporal  to  the 
macula.  O.S.  nerve  head,  slightly  i)ale;  arteries,  narrow;  there  were  a  few  fine  hemor- 
rhages about  the  macula.  The  fields  of  vision  showed  loss  of  all  but  central  vision 
and  a  narrow  area  above  and  below;  this  was  evidently  the  result  of  double  homony- 
mous hemianopsia  (see  fields).  My  diagnosis  was:  blocking  of  the  blood  supply  to 
both  occipital  lobes. 

Comment.  The  thiombosi.>^  may  vary  in  extont  and  finall\'  reach  a 
stationary  stage.  In  rare  ca.ses  both  side.>^  may  be  affected  with  cortical 
bHndness.  In  this  condition,  complete  blindness  is  found  with  normal 
pupillary  reflexes.  More  commonly  as  in  this  case,  the  macular  area  is 
spared  and  there  is  double  hemianopsia  with  normal  vision  in  a  small  central 
zone  of  the  field. 
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[From  the  Second  Medical  Service  of  The  Mount  Sinai  Hospital,  New  York  City] 

Since  the  recognition  of  inoculation  malai'ia  among  drug  addicts  in  1929 
(1),  this  mode  of  infection,  at  first  a  medical  curiosity,  has  become  a  public 
health  problem  in  urban  United  States.  It  has  been  stated  that  "the 
present  incidence  and  mortality  from  malaria  in  New  York  City  is  almost 
entirely  due  to  the  occurrence  of  the  malignant  form  of  the  disease  in  the 
drug  addict  population"  (2).  Reports  from  other  American  cities  have 
indicated  a  steadily  growing  incidence  of  malaria  among  addicts  and  ob- 
servers state  that  many  more  cases  could  be  revealed  by  a  careful  search. 
In  this  communication,  two  cases  of  malaria  in  drug  addicts  are  presented 
to  call  attention  once  more'  to  the  remarkable  clinical  features  and  epi- 
demiology of  this  infection. 

CASE  REPORTS 

Case  1.  History.  R.  S.,  a  32  year  old  white,  married  woman,  entered  the  hospital 
on  September  15,  1939  complaining  of  chills  and  fever.  Five  years  before,  she  ac- 
quired syphilis  and  was  given  a  course  of  anti-luetic  therapy.  Four  weeks  before 
admission,  she  developed  numerous  abscesses  on  the  lower  extremities  and  began  to 
experience  recurrent  chills  and  fever.  For  one  week  she  was  treated  several  times  in 
the  emergency  ward  of  the  hospital  and  was  admitted  finally  because  of  high  tempera- 
ture and  a  painful  carbuncle  on  the  right  thigh. 

Examination.  The  patient  appeared  acutely  ill  and  pale.  The  temperature  was 
103°F.  There  was  a  bismuth  line  on  the  gingival  margins.  Teeth  were  dirty  and 
carious.  The  lungs  were  clear;  the  heart  was  normal.  A  firm  non-tender  spleen 
could  be  felt  three  fingers  below  the  costal  margin.  There  were  numerous  ecchymoses 
on  the  arms,  hands,  feet  and  chest  as  well  as  many  excoriations  and  fine  pitted  scars. 
On  the  extremities,  small  scars  seemed  to  follow  the  course  of  superficial  veins.  There 
were  numerous  inflamed  thrombosed  arm  and  leg  veins.  A  large  furuncle  was  present 
on  the  right  forearm  and  a  recently  incised  carbuncle  on  the  right  thigh. 

Laboratory  data.  The  hemoglobin  on  admission  was  61  per  cent;  red  blood  cells, 
3,340,000;  white  blood  cells,  6,700  with  67  per  cent  polymorphonuclear  leucocytes; 
23  per  cent  lymphocytes,  9  per  cent  monocytes  and  1  per  cent  plasma  cells;  platelets 
were  only  25,000.  The  blood  urea  nitrogen  was  10  mg.  per  cent,  blood  sugar,  100 
mg.  per  cent,  total  protein,  5.5  gm.  per  cent,  icterus  index,  9.  A  blood  culture  was 
negative.  The  blood  Wassermann  reaction  was  positive.  The  urine  contained  a 
very  faint  trace  of  albumin  and  occasional  white  blood  cells.  Repeated  blood  smears 
revealed  malarial  ring  forms  within  red  blood  cells.  The  type  of  parasite  was  not 
identified.  Bone  marrow  aspiration  showed  a  hyperplastic  marrow  with  an  increase 
in  megakaryocytes. 

Course.  Persistent  questioning  gained  the  admission  that  for  6  to  7  years  she 
had  been  addicted  to  heroin  and  had  been  interned  at  the  House  of  Detention  on  2 
occasions  for  treatment.    She  administered  the  drug  intravenously  using  a  hj-poder- 
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niic  needle  attached  to  a  medicine  dropper.  On  several  occasions,  she  became  a 
member  of  a  group  of  addicts  who  used  a  common  hypodermic  needle.  It  was  not 
known  whether  any  of  her  associates  were  similarly  ill.  The  patient  attributed  her 
illness  to  her  addiction  and  believed  it  due  to  a  poor  gratle  of  the  drug;  in  spite  of  the 
cost  of  S4.00  a  day  to  secure  the  drug. 

.\fter  several  days  of  irregularly  recurring  chills  and  fever,  treatment  was  in- 
stituted with  10  grains  of  quinine  sulfate,  twice  daily  for  14  days.  The  patient 
promptly  became  afebrile  and  on  the  ninth  day  of  treatment  malarial  parasites  dis- 
appeared from  the  peripheral  blood.  The  hemoglobin  rose  to  75  per  cent  and  the 
blood  platelets  to  235,000  per  cu.  mm.  Leucopenia  persisted,  however,  and  during 
the  third  hospital  week,  the  platelet  count  dropped  to  50,000  and  then  to  20,000  per 
cu.  mm.  The  bleeding  and  clotting  times  were  normal.  The  capillary  fragility 
test  was  markedly  positive.  The  stools  became  guaiac  positive  and  sigmoidoscopy 
showed  a  ring  of  small  internal  hemorrhoids,  but  there  was  no  evidence  of  active 
bleeding.  The  drug  addiction  was  controlled  with  small  fretjuent  doses  of  Magcndie's 
solution  and  atropine  by  hypodermic  injection.  On  discharge,  five  weeks  after 
admission,  the  patient  was  no  longer  dependent  on  the  drug.  She  began  to  men- 
struate for  the  first  time  in  two  years. 

Case  2.  History.  L.  W.,  a  34  year  old,  married,  white  woman,  a  vagrant,  entered 
the  hospital  on  .January  2,  1940  complaining  of  recurrent  chills  and  fever.  She  had 
had  pneumonia  and  pleurisy  at  the  age  of  twelve  and  a  fistula  in  ano  at  the  age  of 
nineteen.  Six  months  prior  to  her  admission  she  had  become  separated  from  her 
husband,  becoming  a  vagrant  and  living  precariously.  Three  weeks  before  ad- 
mission, she  began  to  have  nightly  chills  followed  by  fever  lasting  until  morning. 
Shortly  before  entering  the  hospital,  she  began  to  experience  numbness  and  tingling 
in  her  hands  and  feet.    During  a  shaking  chill,  she  sought  admission  to  the  hospital. 

Examination.  The  patient  was  a  thin,  dirty,  white  woman  of  37  in  a  state  of  physi- 
cal and  mental  deterioration.  Her  temperature  was  104°  F.,  pulse  122,  respiration, 
36.  The  teeth  were  dirty  and  carious.  There  were  sodden  split  papular  areas  at  the 
corners  of  the  mouth.  There  were  occasional  rales  at  the  base  of  each  lung  poste- 
riorly and  a  soft  systolic  murmur  was  heard  at  the  apex.  The  liver  was  felt  two 
fingers  below  the  costal  margin  and  a  freely  movable,  notched  spleen  was  felt  five 
fingers  below  the  costal  margin.  There  were  numerous  small  depressed,  greenish- 
blue  pitted  scars  over  the  arms  and  thighs.  The  veins  running  along  the  dorsum  of 
the  right  WTist  and  lower  forearm  showed  numerous  closely  set  puncture  marks  which 
outlined  their  course.    There  was  a  diffuse  shiny  erythema  of  the  skin  of  each  leg. 

The  finding  of  puncture  marks  suggested  the  probability  of  heroin  addiction  and 
inoculation  malaria.  The  patient  admitted  that  she  had  become  a  morphine  addict 
in  1926  and  had  used  this  drug  until  1932  when  she  gave  it  up  for  large  doses  of  bar- 
biturates. Six  months  ago,  she  became  addicted  to  heroin  which  she  administered 
to  herself  intravenously  in  doses  of  1/8  oz.  4  to  5  times  daily.  A  medicine  dropper 
and  a  hypodermic  needle  were  used.  On  several  occasions,  she  had  used  a  friend's 
syringe. 

Laboratory  data.  Hemoglobin,  60  per  cent ;  red  blood  cells,  3,000,000;  white  blood 
cells,  1,050;  platelets,  95,000:  polymorphonuclear  leucocytes,  50  per  cent;  eosino- 
philes  1  per  cent,  monocytes  8  per  cent,  lymphocj'tes  41  per  cent.  Blood  smear 
revealed  many  ring  forms  of  malaria:  the  type  of  plasmodium  was  not  determined. 
The  urine  was  clear,  acid;  its  specific  gravity  was  1.020,  and  it  was  negative  for  sugar, 
albumin  and  formed  elements.  The  blood  Wassermann  reaction  was  negative. 
The  blood  urea  nitrogen  w^as  13  mg.  per  cent,  sugar  1(X)  mg.  per  cent,  icterus  index, 
9.  An  electrocardiogram  was  normal.  The  sedimentation  time,  was  35  minutes. 
The  clotting  time  was  4  minutes. 

Course.    The  patient  was  given  10  grains  of  quinine  sulfate  3  times  daily  with 
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prompt  disappearance  of  chills  and  of  high  spiking  temperature.  She  smoked  and 
whined  incessantly,  despite  frequent  small  doses  of  morphine  becoming  a  ward  prob- 
lem. She  was  transferred  to  Bellevue  Hospital  for  further  care.  Her  white  blood 
count  had  risen  to  3,100  and  the  platelets  to  125,000  per  cu.  mm.  Rare  malarial 
parasites  were  still  present  in  the  peripheral  blood  smears. 

DISCUSSION 

The  association  of  malaria  with  drug  addiction  was  first  noted  in  Cairo, 
Egypt  during  the  most  intense  epidemic  of  drug  addiction  yet  recorded  fl). 
Biggam  observed  that  mam*  of  the  addicts  hospitaUzed  for  various  com- 
plaints who  presented  signs  of  venipuncture,  thrombosed  basilic  veins,  and 
fever,  were  infected  with  the  parasites  of  malignant  sub-tertian  malaria. 
As  this  type  of  infection  was  exceedingly  rare  in  that  region,  it  was  soon 
considered  probable  that  they  had  contracted  their  infection  by  some  ab- 
normal route.  Investigation  revealed  that  the  addicts  had  obtained  in- 
travenous injections  of  heroin  and  that  no  .attempt  had  been  made  to 
sterilize  the  syringes  between  injectioiLs.  This  led  Biggam  to  suspect  that 
the  route  of  infection  was  the  use  of  common  syringes  which  probably 
had  become  infected  with  the  blood  of  a  malaria  carrier.  In  two  instances, 
syringes  were  confiscated  and  were  immediately  examined  for  parasites 
but  none  were  found. 

During  the  ensuing  year,  Biggam  and  Arafa  (1)  observed  more  than  100 
cases  of  malaria  among  addicts,  many  of  whom  were  comatose  and  appar- 
ently suffering  from  a  cerebral  form  of  the  disease.  In  othere,  the  chief 
complaint  resembled  an  intestinal  affection  which  varied  in  severity  from 
a  mild  diarrhea  to  a  severe  dysentery.  Soon  thereafter,  numerous  reports 
appeared  describing  malaria  among  addicts  in  non-endemic  foci.  Geiger 
(3)  in  San  Francisco,  Faget  (4)  in  New  Orleans,  Himmelsbach  (5)  at  Fort 
Leavensworth  in  Kansas,  Wang  (6)  in  Peiping,  Eaton  and  Feinberg  (7) 
in  Chicago;  Helpern  (8,  13)  in  Xew  York  City,  and  others  (9  to  19)  reported 
such  cases. 

The  dmg  usually  employed  by  these  addicts  is  heroin  (diacetylmor- 
phine),  which  has  displaced  morphine  as  the  chief  drug  of  addiction  in 
many  locations,  notably  in  Xew  York  and  Egypt.  An  inherent  danger  in 
heroin  addiction  to  the  community  is  that  the  addict  becomes  an  extrovert 
and  seeks  the  company  of  other  habitues  in  contrast  to  the  morphine  addict 
who  is  a  solitary  introvert  (20).  The  universal  desire  of  the  heroin  addict 
for  companionship  is  probably  the  basic  reason  for  the  spread  of  malaria 
in  the  group  which  is  scattered  throughout  the  world. 

The  implements  used  by  the  majority  of  heroin  addicts  in  all  parts  of 
the  world  are  surprisingly  similar.  A  rubber-nippled  eye-dropper,  the 
tip  of  which  is  wrapped  in  paper  and  is  fitted  into  a  hypodermic  needle, 
is  most  commonh^  employed  for  the  intravenous  administration  of  the 
drug.  With  the  use  of  this  implement,  the  danger  of  being  "caught" 
with  a  .syringe  is  minimized  and  the  possibility  for  self-medication  is  en- 
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hanced.  The  drug  is  dissolved  sometimes  in  an  empty  metal  bottle  cap 
and  drawn  into  the  dropper.  Xo  attempt  is  made  at  sterilization  of  equip- 
ment. The  high  price  of  the  drug  induces  many  of  th(>  addicts  to  pool 
their  fund.s  in  order  to  buy  on  better  term.s.  They  then  share  their  pur- 
chase by  passing  the  dropper  around.  The  needle  is  inserted  into  a  vein, 
blood  aspirated,  and  a  portion  of  the  di.ssolved  drug  injected.  It  is  then 
pa.ssed  to  a  partner  who  uses  his  aliquot  in  the  same  manner.  In  this  way, 
the  blood  of  several  individuals  is  mixed.  Should  one  of  them  be  a  carrier 
of  malaria  or  of  syphilis,  he  may  ser\  e  as  a  source  of  infection  for  tho.se  who 
follow  him. 

The  outfit  is  often  left  at  some  hiding  place,  such  as  a  lavatory,  cellar, 
or  abandoned  flat,  and  many  come  to  use  it.  Therefore,  one  addict  may 
have  no  knowledge  of  pre\'ious  users.  In  a  routine  examination  of  addicts 
brought  to  the  Tombs  prison  in  New  York  City,  Heipern  (8, 13)  found  that 
9  out  of  150  addicts  harbored  malarial  parasites  in  their  blood.  Only  one 
of  these  9  had  ever  been  in  the  tropics  where  he  could  have  been  infected 
in  the  natural  way.  The  9  admitted  sharing  their  doses  freely  with  each 
other  and  also  \\-ith  many  of  the  fatal  cases  that  Heipern  had  previously 
studied. 

Geiger  (3),  in  1932,  while  investigating  6  cases  of  malaria  reported  in 
San  Francisco,  found  that  5  were  morphine  addicts  living  in  the  same  hotel. 
Himmelsbach  (5)  was  able  to  trace  several  infected  addicts  whom  he  ob- 
served at  the  United  States  Penitentiary  at  Fort  Leavensworth,  Kansas, 
to  a  group  who  had  been  confined  in  Chicago  and  who  had  been  taking 
and  sharing  the  drug.  Numerous  cases  had  been  reported  among  addicts 
in  Chicago  (7)  and  several  of  Himmelsbach's  cases  had  never  taken  the  drug 
before.  Himmelsbach  also  found  aestivo-autumnal  malaria  in  an  addict 
who  had  come  from  New  Orleans.  Faget  (4)  had  reported  that  29.4  per 
cent  of  addicts  in  New  Orleans  were  suffering  from  active  malaria.  Brad- 
ley (12)  found  numerous  instances  where  addicts,  ill  with  malaria,  had 
shared  their  syringes  with  other  known,  infected  cases.  Helpern's  most 
thorough  investigation  revealed  a  close  association  between  the  persons 
infected  and  the  intimate  sharing  of  syringes. 

The  incidence  of  malaria  among  addicts  can  be  estimated  only  roughly 
from  the  various  reports  in  the  literature.  R.  H.  Jaff^  (16),  in  Chicago, 
reported  forty  drug  addicts  in  a  total  of  112  cases  of  malaria.  In  1934,  23 
per  cent  of  malaria  patients  admitted  to  the  Cook  County  Hospital  were 
addicts,  in  1935,  36  per  cent,  and  for  the  first  half  of  1936,  58  per  cent. 
Heipern  observed  49  cases  in  a  six  month  period  in  New  York  City,  and 
Bradley  (12),  50  cases  during  an  eleven  month  period  in  New  Orleans.  In 
1938,  45  of  54  cases  of  malaria  seen  at  Bellevue  Hospital  occurred  in  drug 
addicts  (2). 

The  mortality  from  malaria  in  this  group  is  high,  ranging  from  18  to 
60  per  cent.    There  was  a  mortality  of  30  per  cent  among  86  cases  of 
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falciparum-malaria  which  occurred  at  Bellevue  Hospital  from  1933  to 
1938  (2). 

Helpern  performed  120  autopsies  on  drug  addicts  who  died  from  malaria 
in  New  York  City.  The  sizable  mortality  was  due  to  the  high  incidence  of 
falcipamm  infection  in  these  patients. 

Although  the  type  of  infecting  parasite  varies  and  mixed  infections  maj^ 
be  present,  the  outstanding  species  encountered  in  inoculation  malaria  is 
Plasmodium  falciparum  (aestivo-autumnal) .  In  New  York  (8),  there 
wei'e  found  in  1934,  39  cases  of  the  aestivo-autumnal,  1  case  of  tertian,  and 
9  of  quartan  malaria.  In  New  Orleans  (12),  37  of  48  cases  were  infected 
with  the  aestivo-autumnal  variety,  as  were  most  of  Biggam's  cases.  In  a 
study  of  the  morphologj-  of  the  organism  in  some  200  cases,  [Most  (2)  found 
onh'^  one  infection  with  Plasmodium  vivax,  one  \\ith  Plasmodium  malariae 
while  all  the  others  were  caused  by  Plasmodium  falciparum. 

It  is  significant  that  the  clinical  manifestations  of  inoculation  malaria 
in  addicts  in  most  cases  are  not  suggestive  of  the  clinical  picture  of  malaria. 
Some  of  the  diagnoses  made  before  the  presence  of  the  parasites  was 
disclosed  were  drug  wthdrawal,  upper  respiratory  infection,  toxic  en- 
cephalitis, septicemia,  tuberculous  meningitis,  and  miliary  tuberculosis. 
The  majority  of  the  non-comatose  patients  complained  of  chills,  ti'emulous- 
ness,  vague  aches  and  pains,  cough,  headache,  and  feverishness.  The 
majority  attributed  these  complaints  to  drug  \A-ithdrawal  or  adulterated 
drugs. 

In  Helpern 's  series  (8,  13),  the  physical  examination  in  the  fatal  cases 
revealed  acutely  ill  patients  AAith  evidence  of  poor  nutrition.  The  major- 
ity were  comatose.  In  several  instances,  there  was  a  fine  purpuric  rash 
on  the  lower  extremities.  Jaundice  was  noted  in  12  per  cent  of  the  cases 
reported  by  Biggam  (1)  and  occasionalh^  in  Helpern's  series.  A  moderate 
to  severe  diarrhea,  apparently  due  to  intestinal  localization,  was  common 
in  those  cases  ob-served  in  Cairo.  In  most  cases,  there  was  evidence  of 
previous  intravenous  injections,  such  as  small,  closely-placed,  punctate, 
pigmented  scars,  thrombosed  veins,  and  phlebitis.  This  is  an  important 
clinical  finding  which  was  present  in  both  of  our  cases  and  which  .should 
be  looked  for  carefully  in  all  suspects. 

The  spleen  was  palpable  in  only  9  of  17  cases  observed  by  Helpern. 
Malarial  nephritis  was  noted  by  several  observers.  Fever  was  present  in 
all  cases  at  some  time  during  the  period  of  observation.  According  to 
Most  (2),  the  temperature  reaction  in  drug  addicts  with  falciparum  malaria 
is  unpredictable.  The  temperature  curve  follows  no  given  pattern.  Any 
fever  in  a  drug  addict  should  be  .suspected  of  being  malarial  no  matter  how 
slight  the  fever  or  how  irregular  the  course. 

Laboratory  examination  usualh'  revealed  the  parasites — rings  or  cres- 
cents. However,  should  malaria  be  suspected,  repeated  smears  must  be 
carefully  searched  to  establish  the  diagnosis.    In  one  instance  (18),  the 
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usual  smi'ius  luul  been  rcpcatotlly  negative,  but  because  malaria  was 
strongly  suspectetl  clinically,  aspiration  of  the  sternal  marrow  was  per- 
formed, and  this  disclosed  the  presence  of  the  parasites.  In  th(>  case 
reported  by  Gardner  and  Dexter  (21)  of  quartan  malaria  following  a  blood 
transfusion,  careful  search  (including  concentration  of  the  blood  and  ex- 
amination of  the  tibial  marrow  of  the  donor)  did  not  reveal  the  parasite. 

The  localization  of  the  parasite  has  been  a  striking  feature  in  this  group. 
In  New  York  and  New  Orleans,  the  cerebral  form  was  quite  common, 
while  in  Cairo  the  intestinal  localization  was  outstanding.  One  case  re- 
ported by  Biggam  and  Arafa  (1)  had  been  diagnosed  by  examination  of 
scrapings  of  the  mucous  membrane  obtained  during  a  sigmoidoscopic 
examination. 

The  prompt  institution  of  therapy  in  these  cases  is  urgent.  Thv  moi- 
tality  of  the  comatose,  cereliral  type  is  high  despite  all  measures.  Biggam 
and  Arafa  (1,  22)  report  on  the  use  of  plasmociuine  and  (juinine  sulfate  with 
fair  success.  Quinine  dihydrochloride  (8,  23)  intravenously  and  atabrine 
(14)  have  also  been  used  successfully. 

The  significance  of  a  clinical  syndrome  depends  not  only  upon  the  fre- 
quency with  which  it  is  associated  with  a  specific  causative  mechanism, 
but  also  upon  the  rarity  with  which  its  chief  characteristics  may  be  found 
in  other  conditions.  The  value  of  .segregating  the  clinical  manifestations 
is  enhanced  if  it  leads  to  rapidity  of  diagnosis  and  prompt  institution  of 
specific  therapy.  Although  the  incidence  of  drug  addiction  with  malaria 
is  not  too  common,  the  increase  in  the  number  of  cases  recognized  since 
this  a.ssociation  has  been  noted  and  looked  for  cannot  be  ignored.  The 
presence  of  signs  of  venipuncture,  thrombosed  basilic  veins,  and  irregular 
fever  should  lead  one  to  suspect  strongly  narcotism  and  malaria. 
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TRANSIENT  VENTRICULAR  FIBRILLATION 


A  Study  of  the  Fibrillary  Process  and  its  Development  in  Man 

SIDNEY  P.  SCHWARTZ,  M.D. 

[From  the  Medical  Division  of  the  Monlefiorc  Hospital  for  Chronic  Diseases, 

Xew  York  City] 

"To  sum  up  the  evidence  and  write  down  briefly  the  nature  of  those  dis- 
turbances, now  included  in  the  term  ventricular  fibrillation,  is  difficult  be- 
cause the  condition  remains  undefined."  — Sir  Thomas  Lewis. 

^'entricllUlr  fibrillation  is  an  alteration  in  the  rhythm  of  the  heart  usually 
considered  a  terminal  event  in  life;  it  is  claimed  that  most  sudden  deaths 
are  the  result  of  its  unexpected  and  abrupt  onset  in  man  (1  to  7).  Although 
there  are  few  records  available  of  the  cardiac  mechanism  during  sudden 
death  (8,  9),  those  that  have  been  obtained  in  the  course  of  the  gradually 
dying  human  heart  have  revealed  ventricular  standstill  to  be  present  as 
frequently  as  ventricular  fibrillation  (10  to  20). 

\'entricular  fibrillation,  however,  is  of  extreme  clinical  importance  be- 
cause it  may  appear  in  man  in  a  recvurent,  transient  and  i)aroxysmal  form 
associated  with  ineffective  contractions  of  the  ventricles  resulting  in  attacks 
of  syncope  with  epileptiform  convulsions,  the  so-called  Adams-Stokes 
seizures. 

This  study  is  based  on  observations  of  several  hundred  syncopal  attacks 
recorded  in  eight  patients,  in  whom  electrocardiograms  obtained  prior, 
dining  and  subsequent  to  the  syncopal  seizures  invariably  revealed  the 
cardiac  mechanism  responsible  for  the  attacks  to  be  transient  ventricular 
fibrillation.  Since  several  patients  experienced  these  seizures  for  periods 
varying  from  9  months  to  4|  j'ears,  the  question  arises  whether  the  change 
in  the  rhythm  of  the  heart  recorded  during  such  attacks  is  identical  to  that 
observed  in  the  experimental  animal  in  which  the  arrhythmia  has  been  w  ell 
studied. 

Historical  review.  That  the  human  ventricles  may  develop  transient 
ttlirillation  was  first  pointed  out  by  Hering  (21)  and  confirmed  a  year  later 
by  Deneke  and  Adams  (22).  Hering  revivcMl  the  heart  of  an  adult  eleven 
hours  after  death  by  forcing  Ringer  solution  through  its  coronary  vessels. 
Movements  of  the  reactivated  ventricles  recorded  kymographically  revealed 
ventricular  fibrillation  on  two  separate  occasions.  The  first  lasted  one 
minute  and  was  caus(>d  by  some  mechanical  stimulus.  The  second  period 
lasted  twelve  minutes  and  followed  the  injection  into  the  aorta  of  12  cc.  of 
calcium  chloride  solution. 
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In  the  extirpated  heart  of  a  decapitated  woman,  Deneke  and  Adams 
injected  an  equal  vohmie  of  blood  and  Ringer  solution  at  a  temperature  of 
35  degrees  and  noted  a  transient  period  of  ventricular  fibrillation  one  half 
hour  after  death  as  well  as  ten  hours  later  when  sinus  rhythm  had  been 
reestablished.  They  were  the  first  to  suggest  that  such  alterations  in  the 
rhythm  of  the  heart  might  result  in  "Adams-Stokes  seizures"  during  life. 

The  first  example  of  cardiac  recovery  from  ventricular  fibrillation  in 
humans  was  recorded  by  Robinson  and  Bredeck  (23)  although  in  1915 
Hoffman  (24)  had  obtained  a  graph  in  which  a  fibrillary  period  was  evident 
but  of  too  short  a  duration  to  give  significant  clinical  manifestations. 
Since  then  there  have  been  36  patients  with  similar  alterations  in  the 
cardiac  mechanism  reported  in  the  literature.  But  the  earliest  electro- 
cardiograms of  ventricular  fibrillation  were  obtained  from  a  dog  by  Kahn, 
in  1909  (25).  Levy  and  Lewis  (26),  however,  first  recorded  the  .successive 
changes  in  the  heart  rhythms  leading  to  ventricular  fibrillation  when  they 
studied  the  combined  effects  of  chloroform  inhalations  followed  by  the 
intravenous  injection  of  small  doses  of  adrenalin  chloride  in  cats.  They 
observed  at  first  multiple  premature  beats  of  a  particular  form,  which  in- 
crea.sed  in  number  and  eventually  formed  groups.  These  preceded  at 
times  a  unidirectional,  a  bidirectional,  or  a  polytopic  type  of  ventricular 
tachycardia  that  suddenly  changed  to  ventricular  fibrillation  with  a  rate 
of  400  to  800  oscillations  of  the  galvanometer  string  per  minute.  The 
electrocardiographic  waves  were  almost  but  not  quite  regular  in  incidence. 
With  slower  frequencies  the  individual  vmdulations  were  irregular.  They 
also  noted  a  degree  of  waxing  and  waning  in  the  excursions  of  the  oscilla- 
tions, a  variability  in  their  frequencies  and  occasionally  weak  string 
movements  as  a  result  of  "tone"  changes  in  the  heart  muscle.  Similar 
appearances  were  seen  after  experimental  obstmction  of  the  coronary 
arteries  (27)  and  also  when  fibrillation  was  induced  by  faradic  stimulation 
or  by  poisoning  with  digitalis.  By  whichever  of  the.se  means  fibrillation 
was  induced,  it  was  preceded  by  variable  tachycardias  of  ventricular  origin. 

Later  Rothberger  and  Winterberg  (28)  registered  electrical  variations 
from  points  on  the  fibrillating  ventricles  of  cats  and  dogs  and,  comparing 
these  with  complexes  of  the  electrocardiograms  obtained  simultaneously, 
found  these  to  be  occa.sionally  regular  and  synchronous. 

On  the  other  hand,  Kisch  (29)  in  similar  experiments  noted  a  marked 
asynchronism  between  the  frequency'  of  the  oscillations  in  the  electro- 
cardiogram as  compared  with  the  partial  electrogram.  The  complexes 
were  identical  with  each  other  in  form,  .shape  and  size.  However,  the  irregu- 
larity of  the  individual  oscillations  was  the  most  common  finding:  the  regularity, 
the  rarest.  A  greater  frequency  of  the  oscillations  was  noted  towards  the 
end  of  the  fibrillary  period  rather  than  at  the  beginning.  In  some  records 
they  obtained  alternations  of  the  ventricular  deflections. 

Recently  Wiggers  (30)  recorded  in  dogs  similar  punctate  unipolar  leads 
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simultaneously  from  three  or  four  regions  of  the  ventricles  togetlior  with  a 
standard  elect rocardiogram.  Analysis  of  his'  records  re^•ealed  a  lack  of 
incidence  as  well  as  differences  in  direction,  form  and  ami)litude  of  the  most 
nearly  corresponding  waves.  Tlie  tempo  and  regularity  of  the  major 
deflections  were  also  variable. 

Wiggers  (31)  also  compared  the  electrocardiograms  and  the  intraven- 
tricular pressure  curves  of  the  natural  fibrillary  process  of  the  ventricles  in 
the  exposed  dog's  heart  following  electrical  shock  with  the  actual  move- 
ments of  the  ventricles  shown  in  cinematographic  records.  For  descriptive 
purposes  he  divided  the  course  of  this  type  of  ventricular  fibrillation  into 
four  stages.  An  (a)  initial  undulatory  stage  lasting  onlj'  one  or  two  seconds 
which  consists  of  deflections  in  the  electrocardiograms  occupying  an  interval 
of  0.08  seconds  or  more.  This  process  passes  abniptly  into  (b)  a  convulsive 
form  of  incoordination  when  the  initial  rate  is  continued  to  one  averaging 
600  to  750  oscillations  per  mhiute  and  lasts  from  15  to  40  seconds.  As  the 
frequency  is  now  increased  the  contractions  become  less  regular  and  the 
oscillations  of  the  galvanometer  string  are  rather  violent  and  large.  Occa- 
sionally the  electrocardiographic  deflections  of  this  stage  become  even  more 
rapid,  attaining  a  frequency  of  1560  per  minute  when  they  may  pass  to  a 
(c)  stage  of  tremidous  incoordination  which  continues  for  two  or  three  min- 
utes. Now  the  electrocardiograjihic  deflections  increase  in  frequency  to  a 
rate  varying  between  600  and  1800  per  minute  and  diminish  in  amplitude. 
Finally  this  stage  of  rapid  incoordinate  contractions  is  gradually  leplaced 
by  a  (d)  stage  of  progressive  atonic  incoordination  in  which  the  visible  waves 
become  coarse  and  slower  and  in  which  the  rate  of  propagation  slows  ma- 
terially. Their  frequency  ranges  from  540  to  720.  The  amplitude  of  the 
electrocardiographic  deflections  decreases  continually  until  onlj'  small 
oscillations  remain  visible  before  there  is  a  total  cessation  of  electrical 
activity. 

THE  PRE-FIBRILLATORY  PROCESS  IN  MAN 

The  acceleration  of  the  basic  ventricular  rate.  The  development  of 
transient  ventricular  fibrillation  in  man  is  dependent  upon  numerous  co- 
efficients, one  of  which  is  an  acceleration  of  the  basic  ventricular  rate  in 
the  presence  of  some  form  of  auriculo-ventricular  di.ssociation.  The 
factors  responsible  for  this  acceleration  are  inherent  in  the  ventricles  and 
partly  veiy  likely  the  result  of  an  imbalance  in  the  extrinsic  nervous 
mechanism  of  the  heart. 

fn  patients  with  normal  sinus  rhythm  the  ventricles  may  be  accelerated 
through  (a)  a  simple  shortening  of  the  sphygmic  interval;  (b)  the  on.set 
of  para-arrhythmias  in  which  the  heart  rate  is  hastened  by  several  interfer- 
ing impulses  that  vie  with  each  other  for  predominance  as  the  pace  maker, 
and;  (c)  the  addition  to  the  already  increased  ventricular  rate  of  premature 
ventricular  beats  (32). 
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In  patients  who  exhibit  transient  seizures  of  ventricular  fibrillation  in 
the  course  of  transient  auriculo-ventricular  dissociation,  the  sinus  rate  may 
at  first  be  halved  by  the  appearance  of  blocked  auricular  beats  (33) .  There 
follows  then  for  a  variable  period  an  acceleration  of  the  independently 
beating  ventricles  after  the  establishment  of  complete  auriculo-ventricular 
dissociation.  A  further  increase  ensues  through  a  series  of  alterations  in 
the  rhythm  of  the  heart  that  have  been  observed  also  in  patients  with  es- 
tablished heart  block,  (a)  A  basic  idioventricular  rate  may  be  accelerated 
from  an  average  of  17  beats  per  minute  to  one  of  45  beats  through  a  simple 
.shortening  of  the  sphygmic  interval.  At  such  times  the  impulse  building 
center  for  the  ventricles  is  somewhere  in  the  auriculo-ventricular  node,  for 
all  the  complexes  are  as  a  rule  supraventricular  in  form  and  resemble  the 
basic  deflections  of  the  ventricles  present  duringn  normal  sinus  mechanism, 
(b)  An  acceleration  of  the  ventricles  may  also  take  place  through  a  step-like 
progression  in  which  a  slower  idioventricular  rate  during  total  auriculo- 
ventricular  dissociation  alternates  with  a  more  rapid  rate  of  the  ventricles. 
In  these  records  an  impulse  from  the  sinus  pace  maker  yields  periodically 
a  ventricular  response  presenting  a  phenomenon  of  "dissociation  with 
interference".  The  phase  of  supraventricular  responses  is  at  .such  times 
under  the  influence  of  the  vagus  nerves  for  compression  of  the  carotid  sinus 
causes  the  more  rapid  beating  ventricles  to  slow.  Premature  beats  of  the 
ventricles,  which  are  the  immediate  forenmner  of  transient  ventricular 
fibrillation  in  such  patients,  appear  after  the  basic  ventricular  rat^  has  been 
raised  to  as  high  as  62.5  beats  per  minute  (34).  (c)  The  impulses  for 
ventricular  contraction  during  auriculo-ventricular  dissociation  may  arise 
in  the  auriculo-ventricular  node  when  the  complexes  are  supraventricular 
in  form,  or  they  may  originate  in  the  upper  part  of  one  of  the  bundles  when 
the  complexes  assume  an  aberrant  form  and  are  mdened,  notched  and 
splintered.  The  impulses  arising  from  one  bundle  may  be  at  times  faster 
than  the  other.  Alternations  of  slower  and  faster  rates  in  which  dextro- 
cardiograms  alternate  with  levocardiograms  have  also  been  noted  as  pre- 
cursory mechanisms  of  transient  ventricular  fibrillation,  (d)  Experimental 
studies  have  disclosed  that  a  well  timed  extra  stimulus  to  the  heart  can 
accelerate  the  ventricles  abruptly.  A  similar  mechanism  has  been  observed 
to  precede  transient  ventricular  fibrillation.  An  interpolated  extrasystole, 
well  timed,  has  been  found  to  accelerate  a  previously  slow  ventricular  rate 
during  established  auriculo-ventricular  dissociation  from  an  average  of  40 
beats  per  minute  to  as  high  as  120  beats.  The  ventricular  complexes  of 
the  electrocardiogram  were  different  in  shape,  size  and  form  before  and 
after  the  extrasystole  (35).  (e)  Occasionally  ectopic  foci  in  the  ventricles 
have  yielded  runs  of  extra.systolic  ventricular  tachycardias  that  suddenly 
disrupted  the  slow  ventricular  rate  and  finally  after  a  short  period  of  heart 
rest,  the  cardiac  mechanism  reverted  to  one  of  auriculo-ventricular  dissocia- 
tion with  alternate  premature  beats  of  the  ventricles,  an  arrhythmia  that 
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invariably  pret-eded  transient  vcMitricular  fibrillation,  (f)  Finally  the  heart 
rate  (lurin{i  (established  auriculo-ventrieular  dissociation  may  be  augmented 
by  the  interposition  ol'  premature  beats  of  the  ventricles  at  first  appearing 
singly  and  occasionally  in  groups  of  two  or  three  at  the  mos't  befor(>  ven- 
tricular fibrillation  sets  in. 

It  would  appear  that  these  preliminary  disturbances  which  may  last 
from  a  few  minutes  to  several  days  at  a  time  facilitate  the  onset  of  transient 
ventricular  fibrillation  in  man.  There  is  experimental  evidence  that  the 
\entricles  are  able  to  assume  a  higher  rate  of  beating  more  readily  if  this 
rate  is  approached  gradually  than  if  it  is  approached  abruptly.  Mines 
(3())  has  pointed  out  that  with  increasing  freciuency  of  stimulation  each 
wave  of  excitation  in  the  heart  muscle  is  propagated  moie  slowly  but  lasts 
a  shorter  time  at  any  one  point  in  the  muscle.  The  wa\'e  of  excitation 
becomes  slower  and  shorter.  It  follows  that  by  gradual  acceleration,  the 
ventricles  can  be  cau.sed  to  l)eat  at  a  higher  rate  than  if  the  rate  of  stimula- 
tion is  raised  abruptly. 

The  "inidar'  prcmalurc  beat  of  the  rcnlricks.  Xo  matter  what  the  un- 
derlying cardiac  mechanism  may  be,  whether  normal  sinus  rhythm, 
transient  heart  block  or  established  auriculo-ventrieular  dissociation, 
transient  ^•entriculal•  fibrillation  is  invariably  preceded  by  the  presence  of 
premature  beats  of  the  ventricles.  The  intimate  physico-chemical  factors 
responsible  for  the  appearance  of  such  premature  beats  is  still  unknown. 
There  may  be  some  relationship  between  their  development  and  a(h  anced 
disease  of  the  coronary  vessels  since  a  lack  of  blood  supply  has  been  found 
to  enhance  the  irritability  of  the  myocardium  (37).  Necropsy  findings 
in  two  of  our  patients  with  transient  ventricular  fibi  illation  revealed  marked 
arteriosclerosis  and  calcification  with  occlusions  of  the  lumina  of  the  ve-ssels 
but  no  frank  thrombosis  or  infarction  of  the  heart. 

These  ''initial"  premature  beats  of  the  ventricles  may  form  a  bigeminal 
rhythm  with  the  basic  complexes  for  seconds,  minutes  or  hours  at  a  time 
before  there  is  added  to  them  the  first  of  the  disturbances  that  may  be 
considered  as  fibrillation  of  the  ventricles.  Whether  appearing  singly  or 
in  groups  with  additional  oscillations,  the.se  prematvue  beat.s  are  at  a  rela- 
tively fixed  distance  from  the  basic  complexes  which  form  the  dominant 
rhythm  of  the  heart.  For  example,  the  distance  between  Ri,  R2,  R3  and 
R4  and  the  succeeding  premature  beats  of  the  ventricles  in  figure  lA  are 
all  equal  to  each  other.  Again  the  amplitude,  dvuation  and  form  of  these 
"initial"  premature  beats  may  resemble  each  other  from  moment  to  mo- 
ment. They  may  be  either  in  the  same  direction  as  the  basic  complexes 
or  opposite  to  them.  (In  fig.  lA  the  "initial"  premature  beats  (E)  are  in 
the  same  direction  as  the  basic  complexes.  In  fig.  IB,  they  are  ojjposite 
in  direction.)  The  similarity  of  these  initial  beats  in  any  one  record  preced- 
ing a  transient  .seizure  of  ventricular  fibrillation  is  an  index  that  a  constant 
and  definite  focus  in  the  ventricles  originates  the  stimulus  for  their  jjroduc- 
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tion.  In  the  development  of  experimental  ventricular  fibrillation  following 
electrical  shocks,  it  appears  important  to  stimulate  repeatedly  a  definite 
"spot"  in  relation  to  anatomical  landmarks.  According  to  Wiggers  the 
possibility  looms  large  that  the  route  of  spread  of  the  "initial"  premature 
beat  over  muscle  bundles  Ls  a  factor  in  the  induction  of  fibrillation. 

*The  initial  fibrillary  periods  of  the  ventricles.  The  perpetuation  of  the 
transient  fibrillary  proce.'is  in  man  seems  to  be  conditioned  by  the  recurrent 
development  of  short  periods  of  fibrillation  that  may  progre.ssiveh'  increase 
in  duration  before  longer  periods  appear.  Such  a  mechanism  is  unique  for 
the  human  heart  and  has  never  been  observed  or  produced  in  the  experimental 
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Fig.  1  (A)  The  pre-fibrillatorj'  mechanism.  Complete  A-V  dissociation.  "Ini- 
tial" premature  beats  (E)  alternate  with  basic  complexes  (Ri,  R2,  Rj,  R4)  from  which 
they  are  equidistant  and  in  the  same  direction.  The  ventricular  oscillations  which 
follow  the  "initial"  premature  beat  may  be  disrupted  by  oppositely  directed  deflec- 
tions (J). 

(B)  The  "initial"  fibrillary  periods  of  the  ventricles  may  vary  from  a  few  oscilla- 
tions to  thirty.  The  "initial"  premature  beat  (E)  may  be  opposite  in  direction  to 
the  basic  complex.  Beat  by  beat  the  succeeding  oscillations  diminish  in  amplitude 
(F-G) .  Later  thej'  may  increase  again  (H)  and  be  interrupted  bj'  a  single  premature 
beat  of  the  ventricles  (O)  or  a  succession  of  these  (I)  before  the  basic  rhythm  is 
restored. 

animal.  At  first  there  is  added  to  the  "initial"  premature  beat  of  the 
ventricles,  a  single  ^-idely  aberrant  ventricular  complex  u.sually  lower  in 
amplitude  but  at  times  larger  (fig.  lA:  F,  fig.  IB:  F).  It  re.sembles  the 
series  of  oscillations  that  may  follow  it  and  constitutes  the  "initial"  phases 
of  fibrillation.  These  periods  vary  in  duration  from  two  to  twenty  com- 
jilexes  and  as  thej'  increase  progressiveh'  in  number  they  herald  a  major 
seizure  of  ventricular  fibrillation. 

Beat  by  beat  they  may  diminish  m  amplitude  even  after  a  few  oscillations 
(fig.  IB:  G)  and  remaining  a  fairly  imiform  size,  progressively  increase  in 
amplitude  again  (fig.  IB:  H)  to  be  finally  interrupted  by  a  series  of  ven- 
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tricular  deHei-tions  that  are  tlitloront  in  size,  sliapo  or  form  from  any  of  tlie 
I)rec(HUng  ones  (fig.  IB:  I).  At  times  these  later  deflections  are  all  in  the 
same  direction  but  freciuently  they  may  be  clownwardly  directed  (fig. 
lA:  J).  These  oj^positely  directed  tleflections  may  also  increase  in  their 
duration.  For  example,  the  undulatorv  phase  in  figure  lA  following  Ri 
is  interrupted  i)v  two  such  ventricular  complexes  directed  downwardly,  at 
Rs  by  three  and  at  R4  by  eight.  Each  one  of  these  short  fibrillary  periods 
may  be  terminated  finally  by  an  isolated  defl(>ction  which  is  different  from 
all  others  and  is  followed  by  a  pause  (fig.  IB:  ()).  This  is  very  likely  a 
premature  beat  of  the  ventricle.  Frequently  a  series  of  such  premature 
heats  terminates  the  short  period  of  fibrillation  (fig.  IB;  P). 

These  "initial"  fibrillary  periods,  so-called  because  they  invariably 
precede  the  longer  seizures  of  transient  ventricular  fibrillation  may  recur 
anywhere  from  a  few  minutes  to  days  at  a  time  before  the  longer  seizures 
appear.  Again  when  the  heart  rests  aftei-  recovery  from  a  long  seizure 
they  may  disai)pear  completely. 

THE  FIBRILLARY  PROCESS  IN  MAN 

The  shape,  size  and  form,  the  frequency,  duration  and  amplitude  of  the 
transient  fibrillary  process  in  man  is  unpredictable  from  moment  to  mo- 
ment. In  the  same  individual  the  oscillations  maj^  differ  from  record  to 
record  and  from  day  to  day.  (Compare  figs.  3,  4,  5,  all  obtained  on  the 
same  patient.) 

(A)  At  times  after  an  initial  period  of  large  undulatory  waves  lasting 
from  a  few  to  several  seconds  and  diminishing  in  amplitude,  (fig.  3A),  the 
ventricular  oscillations  may  become  uniform  in  character,  rising  and  falling 
eciually  to  a  fixed  base  line.  In  such  records  thej^  measure  8  to  10  mm.  in 
height  and  averaging  280  to  300  deflections  per  minute  (fig.  2A),  they 
may  persist  for  sevei  al  minutes  at  one  time.  Abruptly  they  may  decrease  in 
height  and  frequency  and  be  converted  to  an  incoordinated  type  of  mech- 
anism (fig.  2B)  averaging  240  to  300  oscillations  per  minute.  A  return  to 
the  more  regular  se(iuence  of  events  may  follow  again  (fig.  2C',  D),  before 
there  is  finally  a  change  to  the  basic  mechanism  of  the  heart.  It  is  .such 
records  that  may  be  likened  to  the  flutter  waves  observed  in  the  auricles 
and  because  of  their  regularity  be  termed  venlricular  flutter . 

\'entricular  flutter  waves  may  be  wider  (0.36  seconds  each)  and  slower  in 
frequency  (130  to  170  o.scillations  per  minute)  (fig.  3D,  E).  I  have  also 
observed  ventricvdar  flutter  when  as  a  result  of  asphyxial  effects  their  rate 
was  only  90  oscillations  per  minute.  The  transitions  from  ventricular 
flutter  to  ventricular  fibrillation  and  vice  versa  are  very  abrupt  and  often 
when  flutter  appears  towards  the  end  of  a  fibrillary  period  it  may  change 
suddenly  to  an  ectopic  ventricular  tachycardia  that  presages  the  return  to 
the  basic  heart  mechani.sm  and  the  termination  of  the  attack  (fig.  3E). 

(B)  In  fully  developed  transient  seizures  of  fibrillation  the  amplitude 


1  --^K?-  2;  Transient  ventricular  flutter.  (A)  Uniform  oscillations  8-10  mm  in 
te^fio'n  iill  of  280-300  abruptly  change  to  a  lower  amplitude  avSging 

r^d     osc  Ibtions  per  minute  (B)  and  return  to  ventricular  flutter  with  a  more 
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Fig.  3.  Transient  ventricular  flutter,  fibrillation  and  tachycardia.  (A)  The  un- 
dulatory  phase  following  immediately  the  "initial"  premature  beat  consists  of  large 
oscillations  measuring  0.04  second  in  width  and  25  mm.  in  height  (B)  Abruntlv 
^^k"''  'J'^P'it^fl''  at  first  increase  in  frec,uencv  and  then  slow 
again.  (L )  1  his  irregular  mechanism  may  continue  for  a  little  over  one  minute  and 
change  to  ventricular  flutter  (D)  with  a  frequency  of  130-170  oscillations.  A  ven- 
tricular tachycardia  (E-F)  may  be  the  final  mechanism  before  the  heart  reverts  back- 
to  its  basic  mechanism. 
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and  frequency  of  the  deflections  are  influenced  by  lepeated  seizures  which 
result  in  profound  asphyxial  states  so  that  the  height  of  the  complexes  may 


Fig.  4.  Impure  ventricular  flutter.  (A)  At  times  the  amplitude  of  the  ventricular 
oscillations  measures  only  1-2  mm.  Such  deflections  may  alternate  with  regular 
ones  averaging  200-220  per  minute.  (B)  This  resembles  the  mechanism  of  impure 
flutter  found  in  the  auricles.  (C)  In  the  same  patient  the  ventricular  oscillations 
during  transient  ventricular  fibrillation  may  differ  in  size,  shape,  form,  amplitude 
and  duration  from  time  to  time. 

V»AAA/y/*<i-^./'^./v^^■^./^,.'vs^~-w•^.^^  / A'Vl' 


1 ,  /AAV//A'^  •A'>^^''/'^ 


Fig.  5.  Transient  ventricular  fibrillation.  (A)  The  oscillations  are  of  a  freciuency 
averaging  360  per  minute  and  are  rounder  in  contour  than  the  peaked  type  seen  on 
another  occasion  (B)  when  they  averaged  380-420  per  minute. 

be  only  one  or  two  millimeters  (fig.  4A),  and  the  waves  are  hardly  dis- 
cernible.   Such  periods  in  which  the  frequency  of  the  records  cannot  be 
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determined  accurately  may  alternate  with  a  more  regular  type  oscillation 
(fig.  4B)  averaging  200  to  220  per  minute  which  closely  resemble  ventricular 
flutter.  Such  records  may  be  likened  to  the  mechanisms  observed  in  the 
"impure  flutter"  of  the  auricles.  That  this  need  not  be  considered  a  ter- 
minal event  may  be  gained  from  other  records  obtained  on  such  a  patient 
six  months  later  (fig.  4C). 

A  further  effect  of  the  asphyxia!  state  is  to  diminish  the  ventricular 
oscillations  in  height  so  that  the  electrocardiograms  almost  resemble  a 
straight  line  (47) .  It  is  very  likely  that  the  contractility  of  the  heart  also 
suffers  for  with  the  restoi'ation  of  the  basic  heart  rhj'thm  after  such  an 
episode,  the  apical  heart  sounds  are  barely  audible.  On  the  other  hand, 
the  heart  sounds  are  audible  and  normal  in  pitch  on  other  occasions  after 
the  revival  of  the  heart,  when  the  preceding  oscillations  of  the  fibrillary 
period  are  large  and  well  delineated. 


B-l(2r    '  .                 '  CCffT/fli/OUS 
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Fig.  6.  Transient  ventricular  fibrillation.  Records  obtained  with  precordial  leads 
to  magnify  the  fibrillary  waves.  (A)  The  ventricular  oscillations  are  variable  from 
moment  to  moment.  There  is  a  waxing  and  waning  of  the  amplitude  and  the  fre- 
quency averages  300.  Xo  T  waves  are  visible.  The  auricles  are  not  interfered  with 
but  their  rate  is  slowed  after  a  longer  seizure.  (B)  The  post-undulatory  pause 
(Fig.  A,  B-Z)  is  variable.    It  measures  0.4  second  in  A  and  0.8  second  in  B. 

(C)  The  rate  of  the  oscillations  in  transient  ventricular  fibrillation  may 
vary  from  130  in  the  more  regular  sequence  of  events  to  an  average  of  460 
(fig.  4C)  in  the  more  irregular  patterns.  The  slowest  oscillations  of 
transient  ventricular  fibrillation  are  invai  iably  observed  in  records  obtained 
pre-terminally  so  that  frequently  onl,y  20  to  30  large,  broad  and  ill-defined 
markedly  aberrant  complexes  per  minute  may  be  the  only  evidence  that 
there  is  still  some  electrical  action  in  the  ventricular  musculature. 

(D)  Periodic  alterations  in  the  height  and  width  of  the  fibrillary  waves 
resembling  the  waxing  and  waning  of  the  graphs  obtained  during  Cheyne- 
Stokes  respirations  have  been  noted  infrecjuently  independent  of  the  type 
of  respiration  present  (fig.  4C).  The.se  may  be  best  seen  in  electrocardio- 
grams obtained  with  precordial  electrodes  placed  directlj^  over  the  region 
of  the  ventricles  so  as  to  magnify  the  oscillations  (fig.  6). 

(E)  The  longest  period  of  transient  ventricular  fibrillation  recorded  was 
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slightly  over  six  minutes  and  as  many  as  300  attacks  lasting  from  fifty 
seconds  to  three  minutes  each  were  recorded  in  one  jjatient  during  twenty- 
four  hours.  Two  patients  are  known  to  have  lived  four  and  one-half  years 
each  during  which  time  they  experienced  mmierous  seizures  of  transient 
ventricular  fihriUation  finally  dying  in  one  of  these  attacks. 

(F)  The  filjrillary  process  in  man  may  be  ended  by  either  a  single  pre- 
mature beat  of  the  ventricle  or  the  last  of  a  series  of  grouped  extrasystoles 
sometimes  resembling  each  other  and  at  other  times  appearing  as  if  they 
had  their  origin  in  different  foci.  Invariably,  however,  the  end  of  fibrilla- 
tion in  man  is  terminated  by  a  post-undulatorv  pause. 

THE  POST-UXDULATOKY  PAUSE 

The  short  diastolic  period  which  ends  the  fibrillatoi'y  process  of  the  heart 
and  is  followed  by  the  re-establishment  of  either  rhythmic  or  coordinated 
heart  beats  or  an  intermediary  idioventricular  ihythm  has  been  termed  by 
Gewin  (38)  the  post-undulatory  pause.  Similar  pauses  ending  fibrillation 
were  obser\  ed  by  Hoffa  and  Ludwig  (39)  following  faradization  of  the 
ventricles.  A'ulpian  (40)  attributed  this  pause  to  a  vagal  influence,  now 
known,  tb  be  negligible,  but  Fonrobert  (41)  felt  that  the  heart  was  so 
fatigued  that  it  needed  a  long  rest  period  before  it  resumed  its  normal 
contractions.  Winterberg  (42)  faradized  the  ventricles  and  concluded 
from  kymographic  tracings  that  the  post-undulatory  pause  was  dependent 
upon  the  fretiuency  of  ventricular  "contractions"  preceding  it  and  inde- 
pendent of  the  strength  of  electrical  current  used  in  stimulation.  He 
noted  that  after  prolonged  ventricular  fibrillation  the  post-undulatory 
pause  was  also  prolonged  and  that  the  physiological  period  during  which 
impulse  formation  takes  place  was  frequently  disturbed  by  ventricular 
fibrillation.  Consequently  the  post-undulatory  pause  of  the  ventricles 
was  usually  not  compensatory  like  the  post  extrasystolic  pause.  Winter- 
l)erg  also  felt  that  the  duration  of  the  post-undulatory  pause  was  dependent 
upon  the  time  of  the  appearance  of  the  first  auricular  systole  after  the 
cessation  of  the  fibrillatory  process. 

De  Boer's  (43)  electrograms  of  the  frog's  heart,  reveal  that  under  similar 
conditions  of  electrical  stimulation  and  intensity  of  stimulus,  the  duration 
of  the  post-undulatory  pause  is  variable  from  time  to  time,  at  times  being 
longer  and  at  times  shorter  than  the  duration  of  a  true  intersj^stolic  interval 
when  the  basic  rhythm  has  its  origin  in  the  sinus  node.  During  ventricular 
fibrillation  the  excitation  wave  presumably  circles  the  ventricles  and  the 
fibrillatory  process  ceases  as  soon  as  the  wave  strikes  refractory  tissue. 
The  duration  of  the  post-undulatory  pause  would  then  be  dependent  upon 
the  exact  period  of  the  heart  in  which  fibrillation  ceases  and  upon  the 
"metabolic"  state  of  the  ventricular  musculature  present  at  that  particular 
moment.  If  the  fibrillatory  process  stops  very  shortly  l)efore  a  sinus 
impulse  reaches  the  ventricles  when  these  are  still  in  a  refractorj'  state, 


1016 


SIDNEY  P.  SCHWARTZ 


another  sinus  period  would  have  to  elapse  before  a  normal  ventricular 
contraction  could  take  place.  Consequently  between  the  long  and  short 
post-undulatory  pauses  ma\^  be  found  all  forms  of  intermediary  variations 
depending  upon  the  exact  moment  when  fibrillation  ceases  and  upon  the 
state  of  the  refractoriness  of  the  ventricles.  Again  very  frequently  the 
shorter  periods  of  ventricular  fibi'illation  may  be  ended  by  single  or  mul- 
tiple premature  beats  of  the  ventricles  and  obvioush'  the  pause  which 
follows  these  will  be  variable,  depending  upon  the  antecedent  cardiac 
rhythm. 

These  conclusions  find  ample  confirmation  in  the  electrocardiograms  of 
patients  whose  basic  rhythm  originates  in  the  sinus  node.  In  patients 
whose  basic  rhythm  is  that  of  auriculo-ventricular  dissociation,  the  duration 
of  the  post-undulatory  pause  is  definitely  related  to  the  duration  of  the 
antecedent  period  of  ventricular  fibrillation.  It  bears  no  relationship  to 
any  extrinsic  nervous  influence,  for  the  phenomenon  can  occur  in  the 
atropinized  patient  as  well  as  in  the  heart  accelerated  by  epinephrine.  It 
is  very  obvious  that  when  the  duration  of  transient  periods  of  \-entricular 
fibrillation  are  longer,  the  heart  suffers  from  asphyxia.  Since  the  asphyxial 
effects  upon  the  auricles  and  ventricles  tend  to  increase  the  sphygmic 
intervals  between  them  it  follows  that  the  post-undulatory  pause  will  be 
greater  when  the  antecedent  period  of  asphyxia  has  been  longer.  The 
appearance  of  the  first  auricular  systole  after  the  cessation  of  ventricular 
fibrillation  will  likewise  be  longer. 

If  auricular  standstill  should  follow  fibrillation  of  the  ^'entricles  for  any 
length  of  time,  then  the  duration  of  the  post-undulatory  pause  would  be 
as  long  as  the  interval  between  the  last  of  the  fibrillary  waves  and  the  first 
beat  of  the  intermediary  idioventricular  rhythm. 

A  slight  elevation  of  the  electrical  string  seen  occasionally  after  the  last 
of  the  fibrillary  waves  in  the  frog's  heart  and  considered  by  De  Boer  (44) 
to  be  a  retrograde  auricular  beat  is  in  reality  a  "u"  wave,  since  the  shape, 
size  and  form  of  these  elevations  even  when  magnified  (with  chest  leads) 
is  totally  different  from  the  auricular  complexes  observed  after  this  ele- 
vation. 

THE  INFLUEN'CE  OF  VENTRICULAR  FIBRILLATION  OX  THE  AURICLES 

Ventricular  fibrillation  induced  in  the  bled  frog's  heart  by  an  electric 
stimulus  reveals  that  during  fibrillation  of  the  ventricles,  the  auricles  con- 
tinue their  pulsations  regularly  (45).  In  the  longer  runs  the  auricles 
display  some  electrical  anomalies  caused  no  doubt  by  intercurrent  retro- 
grade excitations  nmning  from  the  ventricles  to  the  auricles. 

In  ventricular  fibrillation  caused  by  electric  shock  in  the  dog's  heart,  the 
auricles  maintain  a  variable  rhythm  for  a  length  of  time.  Sometimes  their 
contractions  terminate  before  ventricular  fibrillation  ceases  and  at  other 
times  they  outlast  fibrillation.    With  progressive  phases  of  asphyxia,  the 
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aviiioular  rate  soon  decreases  and  the  contractions  first  increase  but  soon 
decrease  in  vigor.  Frequently  heart  block  dexclops  between  the  right  and 
left  auricles  and  on  several  occasions  indei)endent  rhythms  have  been  ob- 
served, suggesting  that  a  rhythmic  center  l)ccomes  active  in  the  left 
auricle. 

On  the  other  hand,  fibrillation  produced  by  perfusion  in  the  ventricles 
of  the  dog  has  no  distinct  influence  upon  the  auricles.  The  auricles  con- 
tinue to  beat  regularly  but  the  energy  of  their  pulsations  decrease  rapidly 
and  they  become  imperceptible  within  one  or  two  minutes.  After  this 
transitory  pause  they  as.svmie  their  oiiginal  beating.  This  phenomenon 
according  to  Frederique  (46)  is  undoubtedly  due  to  momentary  excitation 
of  the  inhibitory  mechani.sm.  Sections  of  the  bundle  of  His  do  not  modify 
this  change  in  rhythm.  The  weakness  of  the  auricular  pulsations,  that  is, 
in  the  contractility  of  the  auricles,  is  due  to  a  diminution  in  the  coronarj^ 
flow  and  is  not  the  direct  result  of  ventricular  fibrillation. 

In  human  electrocardiograms  short  runs  of  ventricular  fibrillation  do  not 
interfere  with  the  auricular  contractions.  The  auricular  complexes  may 
be  easily  recognized  superimposed  upon  the  ventricular  deflections  which 
they  distort  but  .slightly.  However,  in  periods  of  ventricular  fibrillation 
la.'^ting  more  than  10  seconds  the  auricular  complexes  cannot  be  discerned 
in  the  electrocardiogram  until  ces.sation  of  the  fil)rillarv  process.  After  the 
revival  of  the  heart  both  the  i-ate  and  rhythm  of  the  auricles  will  depend 
upon  the  diu'ation  of  the  antecedent  period  of  ventricular  fibrillation. 
Longer  periods  of  ventricular  fibrillation  result  in  longer  periods  of  asphyx- 
ial  states  and  the.se  in  turn  influence  the  rate  and  rhythm  of  the  auricles 
Ijest  seen  when  fibrillation  ceases.  At  first  the  auricular  rate  will  be  slow 
and  irregular  and  then  the  auricles  may  accelerate  above  the  basic  heart 
rate  during  the  so-called  intermediary  idioventricular  rate  and  rhythm 
of  the  heart  (47).  Eventually  transient  periods  of  auricular  fibrillation 
and  auricular  flutter  may  supervene.  These  may  last  as  long  as  122 
hours.  Such  abnormal  auricular  states  have  never  been  .seen  to  occur 
immediately  after  the  cessation  of  ventricular  fibrillation  but  invariably 
some  time  after  the  revival  of  the  heart. 

SUMMARY  AND  CONCLUSIONS 

1)  An  electrocardiographic  study  was  made  of  the  fibrillary  process  and 
its  mode  of  development  in  eight  patients  who  experienced  such  .seizures. 
These  records  were  compared  with  those  obtained  from  animals  (frogs, 
rats,  dogs,  cats  and  sheep)  following  faradization  of  the  ventricles,  poison- 
ing with  drugs  or  after  ligation  of  the  coronary  arteries. 

2)  The  preliminary  alterations  in  the  rhythm  of  the  heart  that  lead  to 
transient  ventricular  fibrillation  consist  of  (a)  an  acceleration  of  the  basic 
ventricular  rate  duririg  the  presence  of  some  form  of  auriculo-ventricular 
di.s.sociation;  (b)  the  onset  of  "initial"  premature  beats  arising  from  a  con- 
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stant  focus  in  the  ventricles  as  judged  by  their  persistent  similaritj-;  and, 
(c)  the  development  of  short  runs  of  irregular  ventricular  oscillations  which 
increase  progressively  in  duration  and  recur  from  moment  to  moment. 

3)  It  appears  that  these  short  recurring  periods  of  ventricular  irregulari- 
ties are  the  "initial"  fibrillary  periods  of  the  ventricles.  They  are  a  dis- 
tinct and  unique  featiue  in  man  and  have  not  been  noted  in  animals. 
They  invariably  foreshadow  the  appearance  of  longer  seizures. 

4)  The  "initial"  premature  beats  of  the  ventricles  are  a.ssociated  clin- 
ically with  an  effective  ventricular  contraction  which  is  audible  at  the 
apical  region  of  the  heart. 

5)  The  "initial"  fibrillary  periods  are  associated  clinically  with  progres- 
sive diminishing  heart  sounds  for  the  first  2  or  3  oscillations.  The  heart 
sounds  disappear  entirely  after  the  fourth  oscillation  and  because  of  the 
diminished  blood  supply  to  the  brain,  consciousness  is  lost  if  they  last  20 
to  40  seconds.  A  typical  Adam.s-Stokes  .seizure  with  epileptiform  con- 
vulsions, apnoea  and  incontinence  of  feces  and  of  urine  super\'enes  if  these 
oscillations  la.st  longer  than  40  seconds. 

6)  The  ventricular  oscillations  that  yield  these  Adam.s-Stokes  seizures 
are  of  two  distinct  types.  One  type  of  deflection  is  uniform  in  character, 
rising  and  falling  evenly  to  a  ba.se  line  \A-ith  an  amplitude  of  8  to  10  mms. 
and  a  frequency  of  130  to  300  oscillations  per  minute. 

With  progressive  asphyxia  of  the  heart,  the  rate  may  be  lowered  to  90 
per  minute.  The  QRS  complexes  are  continuous  with  each  other  so  that 
the  T  waves  are  totally  absent.  This  mechanism  may  be  considered  as 
one  of  ventricular  flutter. 

7)  The  second  type  consists  of  irregular  oscillations  averaging  130  to  460 
per  minute  and  varving  in  amplitude  from  3  to  18  mm.  in  height.  They 
differ  in  .shape,  size  and  form  as  well  as  frequency,  duration  and  amplitude 
from  record  to  record  and  moment  to  moment.  Periodic  waxing  and  wan- 
ing of  the  height  of  the  oscillation-s  may  be  present  and  occasionally  alterna- 
tion of  the  ventricular  complexes  may  be  seen.  They  may  persist  as 
long  as  6  minutes  at  one  time  and  as  many  as  300  periods  have  been  re- 
corded in  one  patient  during  24  hours. 

8)  Tran.sient  ventricular  flutter  and  fibrillation  may  be  ended  hy  a 
single  premature  beat  of  the  ventricles,  a  succession  of  these,  or  a  run  of 
ventricular  tachycardia.  A  post-undulatorj'^  pause,  however,  invariably 
precedes  recovery. 

9)  The  auricles  maintain  their  regular  rate  and  rhythm  during  ventricu- 
lar fibrillation  except  in  the  longer  periods  when  the}'  may  be  slowed  with 
an  irregular  rate  and  at  times  stand  still  becau.se  of  asph^-xia. 

10)  Except  for  the  frequency  and  duration  and  its  unusual  transient, 
recurrent  and  reversible  nature  associated  with  profound  clinical  dis- 
turbances, the  fibrillary  process  in  man  is  identical  wdth  that  in 
animals. 
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THROMBO-ANGIITIS  OBLITERANS  AND  POLYCYTHEMIA 
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SAMUEL  SILBKRT,  .M.I). 
[From  the  Clinic  for  Peripheral  Vascular  Diseases] 

When  a  patient  who  has  presented  signs  of  thrombo-angiitis  obliterans 
subsequently  develops  polycythemia  vera,  the  suspicion  arises  that  the 
l^eripheral  thromboses  at  the  onset  were  really  due  to  the  latter  disease, 
and  that  the  diagnosis  of  thrombo-angiitis  obliterans  was  incorrect.  The 
following  cases  are  presented  because  of  their  relation  to  this  problem. 

CASE  REPORTS 

Case  1.  History  (Adm.  449732).  J.  B.,  a  salesman,  was  in  good  health  up  to  the 
age  of  36  years.  .At  that  time  be  began  to  complain  of  intermittent  claudication  in 
the  left  calf  after  walking  three  to  four  blocks.  Xine  months  later  in  June  1935, 
he  had  an  acute  coronary  occlusion  and  was  confined  to  bed  for  six  weeks.  He  was 
first  seen  in  the  Peripheral  Vascular  Clinic  in  September,  1935.  He  gave  a  history 
of  having  smoked  30  cigarettes  daily,  but  he  had  stopped  smoking  after  the  coronary 
attack.  The  patient  was  a  healthy  looking,  well  nourished  young  man.  Examina- 
tion showed  a  normal  circulation  in  the  upper  extremities.  In  the  right  leg  the 
posterior  tibial  artery  was  open,  the  anterior  tibial  and  dorsalis  pedis  were  closed. 
In  the  left  leg  the  posterior  tibial  artery  was  closed,  the  anterior  tibial  and  dorsalis 
pedis  were  open.  Oscillometer  readings  (Table  1)  were  moderately  reduced.  The 
blood  Wassermann  reaction  and  urine  examinations  were  negative.  The  blood 
volume  was  65  cc.  per  kg.  The  blood  pressure  was  normal  (Table  2).  X-ray  ex- 
amination of  the  chest  showed  no  enlargement  of  the  heart.  The  electrocardiogram 
showed  evidence  of  mj'ocardial  damage  due  to  recent  coronary  occlusion.  The 
pulse  was  regular.  A  diagnosis  of  thrombo-angiitis  obliterans  complicated  by  cor- 
onary occlusion  was  made.  Since  the  symptoms  were  mild,  no  treatment  was  recom- 
mended. The  patient  was  told  to  refrain  from  the  use  of  tobacco  and  to  return  for 
re-examination  every  three  months.  In  addition,  he  was  to  be  observed  frequenth- 
in  the  cardiac  clinic. 

He  followed  this  advice  and  for  a  time  all  went  well.  The  circulation  in  his  legs 
gradually  improved  as  reflected  by  relief  of  symptoms  and  increase  in  the  oscillometer 
readings  (Table  1).  He  was  able  to  walk  without  pain.  His  cardiac  condition  like- 
wise gave  him  no  trouble.    He  returned  to  work. 

In  March,  1937  he  returned  to  the  clinic  complaining  of  pain  in  the  right  second 
toe  and  an  abrupt  drop  in  his  oscillometer  readings  was  noted.  He  continued  to 
have  pain  in  the  right  foot  throughout  the  summer  and  when  examined  in  October, 
he  admitted  that  he  had  resumed  smoking.  He  was  warned  of  the  danger,  and  for  a 
number  of  months  again  stopped  the  use  of  tobacco.  His  circulation  again  improved. 
In  the  Spring  of  1938  he  returned  with  an  ulcer  on  the  right  fifth  toe.  At  this  time 
small  intravenous  injections  of  5  per  cent  saline  solution  were  administered  twice  a 
week  and  later  once  a  week.  The  amount  given  did  not  exceed  175  cc.  at  each  injec- 
tion because  of  the  coronary  disease.    The  toe  healed  in  five  weeks,  and  he  appeared 
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to  be  doing  well.  On  subsequent  examinations  further  marked  reductions  in  oscil- 
lometer readings  and  complete  disappearance  of  the  pulses  in  both  feet  were  noted. 
Again  the  patient  admitted  that  he  had  resumed  smoking.  In  December,  1939  he 
developed  a  painful  ulcer  on  the  right  first  toe,  and  for  this  reason  he  was  admitted 
to  the  hospital.    In  brief  summary,  then,  the  course  of  this  patient's  illness  was  char- 


TABLE  1 
Oscillometer  readings  in  case  1 


September  1935. 
December  1935 

March  1936  

June  1936  

September  1936 


March  1937.. 

July  1937  

October  1937. 


!     LEFT  ANKLE 


1.0 

1.5 
1.5 
2.5 
2.5 

1.25 

1.5 

1.25 


RIGHT  .4XKI.E 


1.5 
2.0 

2.0 
3.0 
3.5 

1.5 
1.0 
1.0 


Stopped  smoking 


Resumed  smoking 


February  1938. 
June  1938  


August  1939  .  . 
December  1939. 


2.0 
2.0 

1.75 
1.5 


1.25 
1.5 

0.25 
0 


Stopped  smoking 
Resumed  smoking 


TABLE  2 
Blood  -pressure  readings  in  case  1 


September  1935. 
November  1935. 

April  1936  

:\Iay  1937  

June  1937  

July  1937  

June  1938  

August  1938  . . . . 

April  1939  

December  1939  . 
January  1940  .  . 
February  1940. . 


142 
140 
124 
132 
160 
175 
176 
182 
170 
204 
198 
210 


acteristic  of  individuals  with  thrombo-angiitis  obliterans,  who  improve  when  thej* 
stop  smoking,  and  regress  when  they  resume  the  use  of  tobacco. 

While  the  above  events  were  taking  place,  other  changes  were  noted.  These  were 
a  gradual  rise  of  blood  pressure  ("Table  2), gradual  enlargement  of  the  heart  as  seen 
on  x-ray  examination  of  the  chest,  and  the  development  of  some  signs  of  mild  cardiac 
failure,  such  as  dj  spnea,  cough,  and  edema  of  the  legs.  Digitalis  was  given  and  these 
symptoms  improved.    Numerous  examinations  made  in  the  cardiac  clinic  during 
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the  years  1935  to  1939  showed  no  cvitience  of  enlargement  of  tlie  liver  or  spleen.  A 
blood  count  in  June  1937  showed  hemoglobin  112  per  cent,  red  l)lood  cells  6,390,000, 
white  blood  cells  13,600.  Such  a  blood  count  is  not  unusual  in  thronibo-angiitis 
obliterans,  and  caviscd  no  comment  at  the  time. 

On  admission  to  the  Medical  Service  of  Dr.  B.  S.  Oppenheimer  in  December  1939, 
the  patient  presented  the  typical  signs  of  a  polycythemia  vera.  There  was  marked 
enlargement  of  both  the  liver  and  the  spleen.  The  hemoglobin  was  90  per  cent,  red 
blood  cell  count  8,660,000,  white  blood  cell  count  24,8(K),  platelets  1,600,000,  and 
blood  volume  132  cc.  per  kg.'  The  heart  was  enlarged  and  the  blood  pressure  was 
204  systolic  and  120  diastolic.  During  his  hospital  stay  he  had  three  attacks  of  frank 
ventricular  failure  recjuiring  intensive  therapy,  including  oxygen,  digitalis,  and 
diuretics.  About  one  month  after  admission  he  showed  signs  of  severe  intestinal 
bleeding.  He  was  treated  with  radiotherapy  to  the  long  bones.  The  ulceration  of 
the  toe  responded  favorably  to  conservative  treatment.  He  was  discharged  two 
months  after  admission,  greatly  improved.  He  has  continued  in  good  condition  up 
to  the  present. 

Comment.  When  first  seen  this  young  man  presented  the  typical 
features  of  thrombo-angiitis  obUterans,  the  history  of  intermittent  claudi- 
cation, the  use  of  tobacco,  the  signs  of  peripheral  arterial  occlusion  in  both 
legs,  the  reduced  blood  \-olume.  There  were  no  indications  of  poly- 
cythemia \'era,  no  ruddy  color,  no  enlargement  of  liver  or  spleen,  no 
increase  in  blood  voliune.  The  progress  of  his  peripheral  Avascular  disease 
fluctuated  with  his  use  or  disuse  of  tobacco,  a  characteristic  feature  of 
thrombo-angiitis  obliterans. 

There  is  no  question  that  this  patient  subsequently  showed  all  the 
classical  signs  of  polycythemia  vera.  Could  he  have  been  suffering  from 
this  disease  at  the  onset?  Peripheral  arterial  thromboses  are  frequently 
seen  in  this  condition.  Is  there  a  stage  of  polycythemia  during  which 
the  spleen  is  not  enlarged  and  the  blood  \'olume  is  not  increased?  If  so, 
how  is  one  to  recognize  the  disease  in  this  period? 

Case  2.  History  (Adm.  464493).  M.  H.,  a  man,  30  years  of  age  was  first  seen  in 
November,  1930.  He  gave  a  historj-  of  intermittent  claudication  in  both  legs,  worse 
on  the  right,  after  walking  four  blocks.  His  symptoms  had  been  present  for  I5 
years.  He  stated  that  he  smoked  about  40  cigarettes  a  day.  Examination  showed  a 
well  nourished  young  man.  The  heart  was  normal  and  blood  pressure  was  130  sys- 
tolic and  80  diastolic.  Palpation  of  the  abdomen  revealed  no  evidence  of  enlarge- 
ment of  the  liver  or  spleen.  Both  popliteal  arteries  were  pulsating.  The  left  an- 
terior tibial  and  dorsalis  pedis  arteries  were  likewise  open.  The  left  posterior  tibial 
was  closed  and  all  pulses  were  closed  in  the  right  foot.  The  oscillometer  readings 
were  considerably  reduced  (Table  3).  Blood  Wasscrmann  reaction,  urine  examina- 
tion, and  x-raj-  examinations  of  chest  and  legs  showed  no  abnormalities.  A  diagno- 
sis of  thromboangiitis  obliterans  was  made,  smoking  was  prohibited,  and  the  patient 
was  treated  with  intravenous  injections  of  hypertonic  sodium  chloride  solution.  He 
showed  steady  improvement  as  reflected  both  in  relief  of  symptoms  and  improvement 


*  Almost  all  the  blood  counts  and  determinations  of  the  blood  volume  reported 
in  this  paper  were  performed  by  Dr.  Xathan  Rosenthal  or  members  of  his  depart- 
ment. 
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in  oscillometer  readings.  Early  in  1933  he  was  able  to  walk  a  mile  without  discom- 
fort and  treatment  was,  therefore,  discontinued.  This  patient  has  never  resumed 
smoking  since  he  stopped  in  1930.  He  has  had  no  recurrence  of  symptoms  in  his  legs 
up  to  the  present  time,  and  the  circulation  remains  adequate.  In  October  1940 
examination  showed  the  left  posterior  tibial  and  dorsalis  pedis  pulses  present.  The 
right  posterior  tibial  was  also  pulsating,  the  right  anterior  tibial  and  dorsalis  pedis 
arteries  were  still  closed.  His  oscillometer  readings  (Table  3)  were  much  increased 
reflecting  the  greatlj'  improved  circulation  in  both  legs. 

In  April  1932,  because  of  the  onset  of  abdominal  pain  after  meals,  he  was  referred 
to  the  gastro-intestinal  clinic.  Abdominal  examination  was  negative  at  that  time. 
A  diagnosis  of  duodenal  ulcer  was  made,  and  he  was  treated  for  this  condition;  In 
April  1934  it  was  first  observed  that  he  had  developed  a  ruddy  color.  At  this  time 
he  was  studied  in  the  Hematology  Clinic.  The  blood  examination  showed,  hemo- 
globin 126  per  cent,  red  blood  cells  8,130,000,  white  blood  cells,  9,500,  platelets  560,000, 
blood  volume  139  cc.  per  kg.  The  spleen  was  not  palpable.  The  diagnosis  of  polj'cy- 
theraia  vera  was  made  at  this  time. 

This  patient  has  been  admitted  to  the  Medical  Service  of  Dr.  George  Baehr  on 
four  occasions,  in  1934,  1936,  1937,  and  1940,  for  treatment  of  recurrent  abdominal 
symptoms  due  to  his  duodenal  ulcer.  He  has  continued  to  show  the  characteristic 
blood  picture  of  polycythemia  vera.    On  his  last  admission  in  May  1940,  his  blood 

TABLE  3 


Oscillometer  readings  in  case  2 


D.tTE 

LEFT  ANKLE 

KIGHT  ANKLE 

November  1930 

1.0 

0.25 

August  1931  

1.5 

1.00 

October  1933 

2,5 

1,5 

April  1936  

2,5 

1,5 

October  1940 

■  3,0 

2.0 

pressure  was  116  systolic  and  80  diastolic,  hemoglobin  84  per  cent,  red  blood  cells 
11,800,000,  white  blood  cells  30,000,  platelets  850,000,  blood  volumes  130  cc,  per  kg. 
Since  1934  his  spleen  and  liver  have  been  enlarged. 

Comment.  The  diagnosis  of  thrombo-angiitis  obliterans  appears  justi- 
fied in  this  patient  on  the  basis  of  his  history-  of  intermittent  claudication 
beginning  at  the  age  of  28  years,  the  use  of  tobacco,  and  the  evidence  of 
occlusive  peripheral  vascular  disease.  Unfortunateh^  no  blood  volume 
determination  was  made  when  he  was  first  examined.  His  arterial  di-sease 
gradually  improved  with  cessation  of  smoking,  and  there  has  been  no 
recurrence  of  symptoms  in  the  seven  years  since  treatment  for  the  legs 
was  discontinued.  These  are  characteristic  features  of  thrombo-angiitis 
obliterans. 

It  was  not  until  four  years  after  he  was  first  seen  that  the  characteristic 
signs  of  polycythemia,  the  ruddy  color,  the  enlarged  spleen,  the  increased 
blood  volume,  were  first  observed.  These  signs  have  persisted  to  the 
present  time.  His  clinical  course  has  been  complicated  by  the  presence 
of  a  duodenal  ulcer. 
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Case  S.  History  (Adm.  297999).  At  the  age  of  23  this  patient,  L.  B.,  developed 
pain  and  superficial  phlebitis  in  the  right  foot.  Three  years  later  he  began  to  com- 
plain of  intermittent  claudication  in  the  left  leg.  When  first  seen  at  the  Peripheral 
\'ascular  Clinic  in  December  192S  he  was  31  years  of  age.  He  was  a  well  nourished 
young  man.  Evidence  of  advanced  impairment  of  circulation  was  noted  in  both 
lower  extremities.  The  right  femoral  pulsation  could  be  felt,  the  left  was  absent. 
Both  popliteal  arteries  were  closed,  and  there  was  no  pulsation  in  either  foot.  His 
oscillometer  readings  were:  left  calf,  faint;  left  ankle,  0;  right  calf,  1;  right  ankle, 
0.5.  The  liver  and  spleen  were  enlarged.  His  hemoglobin  was  132  per  cent,  red  blood 
cells  6,860,000,  blood  volume  105  cc.  per  kg.  The  Wassermann  reaction  was  negative. 
Urine  examination  showed  three  plus  albumin,  no  sugar.  He  was  advised  to  avoid 
the  use  of  tobacco  and  he  has  followed  this  advice.  Because  of  the  albuminuria, 
saline  injections  were  not  given  and  his  legs  were  treated  with  diathermy.  Ho  was 
referred  to  the  Hematology  Clinic  for  treatment  of  the  polycythemia.  He  has  been 
seen  from  time  to  time  in  the  Clinic  for  Peripheral  Vascular  Disease.  His  legs  have 
slowly  improved  and  at  no  time  have  given  him  any  serious  trouble.  He  was  last 
examined  in  October,  1940.  He  had  been  without  treatment  for  either  the  polycy- 
themia or  the  peripheral  vascular  disease  for  several  years.  He  continued  in  excel- 
lent health  and  reported  that  he  could  walk  indefinitely  without  pain.  Examination 
showed  the  left  femoral  pulse  still  absent,  and  no  pulsation  in  the  left  foot.  The 
right  femoral,  popliteal,  and  dorsalis  i)edis  pulses  were  now  palpable,  the  right  pos- 
terior tibial  still  closed.  The  oscillometer  readings  were:  left  calf,  I;  left  ankle, 
faint;  right  calf,  3;  right  ankle,  2. 

Comment.  The  diagnosis  of  thrombo-angiitis  obliterans  in  this  case 
rests  upon  the  presence  of  advanced  peripheral  vascular  disease  in  a  man 
in  his  twenties,  and  the  characteristic  improvement  with  cessation  of 
smoking.  It  is  unlikely  that  the  arterial  occlusion  was  due  to  poly- 
cythemia. The  latter  condition  was  at  no  time  severe,  and  throughout  the 
period  of  observation  his  platelet  and  white  blood  count  have  been  normal. 
The  diagnosis  of  polycythemia  was  made  on  the  enlarged  spleen,  high 
red  cell  count,  and  moderately  increased  blood  volume. 

DISCUSSION 

Unquestioned  examples  of  the  occurrence  of  thrombo-angiitis  obliterans 
and  polycythemia  vera  in  the  same  patient  are  rare  in  medical  literature. 
In  198  cases  of  polycythemia  \'era  observed  at  the  Mayo  Clinic  (1,  2) 
between  1912  and  1936,  only  one  case  is  regarded  as  having  had  thrombo- 
angiitis obliterans.  Since  pathological  examination  of  the  amputated  leg 
in  this  case  showed  the  lesions  of  arteriosclerosis,  the  diagnosis  of  thrombo- 
angiitis obliterans  is  open  to  question.  One  case  in  a  man  43  years  old 
is  reported  by  Weber,  (3)  but  no  blood  volume  studies  or  pathological 
data  are  given.  One  patient  (Case  1)  reported  by  Dameshek  and  Henstell 
(4)  maj'  be  regarded  as  a  true  instance  of  this  combination  of  diseases. 
Reznikoff  (5)  stated  that  in  his  clinic  there  was  a  frequent  association 
l)etween  thrombo-angiitis  obliterans  and  polycythemia  vera,  but  does  not 
substantiate  his  statement  by  citing  a  single  case.    It  does  not  need  to 
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be  emphasized  that  all  thrombotic  arterial  disease  is  not  thrombo-angiitis 
obliterans  (6). 

The  three  cases  reported  in  this  paper  are  the  only  ones  observed  among 
approximately  100  cases  of  polycythemia  vera  admitted  to  The  Mount 
Sinai  Hospital  in  the  past  20  years  (7).  On  the  other  hand,  the  subse- 
quent development  of  polycythemia  vera  in  patients  originally  diagnosed 
as  thrombo-angiitis  obliterans  is  even  more  rare.  In  over  1300  cases  of 
thrombo-angiitis  obliterans  observed  by  the  writer  (8),  most  of  whom 
have  been  followed  for  many  years,  these  are  the  onh^  three  patients  who 
showed  both  diseases. 

Taking  into  consideration  the  infrequency  with  which  both  diseases 
occur  in  the  same  patient,  the  rare  association  must  be  regarded  as  a 
coincidence.  The  suggestion  made  by  Reznikoff  that  thrombo-angiitis 
obliterans  might  secondarily  produce  polycj^themia  vera  through  the 
development  of  vascular  changes  in  the  bone  marrow  is  not  supported  by 
clinical  experience.  If  this  were  true,  the  association  of  the  two  diseases 
would  be  much  more  frequent. 

SUMMARY 

1.  Three  cases  are  presented  in  which  thrombo-angiitis  obliterans  and 
polycythemia  vera  occurred  in  association  in  the  same  patient. 

2.  This  combination  is  extremely  rare,  and  should  be  regarded  as  coin- 
cidental. 
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THE  BLOOD  IODINE  IX  THE  PERIOD  AFTER 
THYROIDECTOMY 


Preliminary  Report 

SOLOMON  SILVER,  M.D.,  and  BORIS  MAGASAXIK,  B.S. 

[From  the  Laboratories  and  the  Medical  Service  of  Dr.  Eli  Moschcomitz,  The  Mount  Sinai 

Hospital] 

Wo  have  had  experiences  tUuing  the  past  two  years  with  a  method  for 
tlie  determination  of  the  iodine  level  in  the  circulating  blood  which  has 
proved  satisfactory  (1).  The  details  of  this  method  will  be  published 
elsewhere.  It  is  sufficient  to  state  that  we  are  able  to  determine  the  blood 
iodine  with  an  average  error  of  about  five  per  cent.  We  also  have  estab- 
lished that  dialysis  against  running  tap  water  entirely  eliminates  all  in- 
gested iodine  which  has  been  administered  in  the  form  of  potassium  iodide 
or  Compound  Solution  of  Iodine  U.  S.  P.  (Lugol's  Solution)  and  leaves  the 
normally  occurring  blood  iodine  intact.  By  our  method  the  normal  blood 
iodine  does  not  exceed  four  gamma  per  hundred  cubic  centimeters  of  whole 
blood  and  there  is  no  significant  amount  of  iodine  which  is  dialyzable 
(inorganic)  if  no  iodine  has  been  ingested.  It  is  our  opinion  that  the  so- 
called  "inorganic"  fraction  of  the  normal  blood  iodine  is  an  artifact  of 
chemical  manipulation. 

This  study  is  an  attempt  to  add  to  our  knowledge  of  the  events  in  the 
period  immediately  following  thyroidectomy.  Ever  since  the  earliest 
attempts  at  the  surgical  treatment  of  Graves'  disease,  surgeons  have  en- 
countered inexplicably  severe  postoperative  reactions.  This  reaction  is 
dramatically  impressive  and  has  been  described  in  the  literature  as  a 
"thyroid  .storm,"  "thyroid  crisis"  or  "postoperative  toxic  reaction."  In 
the  era  before  the  routine  use  of  pre-operative  iodine  medication  these 
unfortunate  reactions  were  very  frequent  and  in  the  hands  of  very  compe- 
tent .surgeons  it  was  not  unusual  to' have  mortalities  varying  between  10 
and  20  per  cent.  Many  of  the.se  deaths  were  due  to  thyroid  crises  which 
began  within  24  hours  after  the  operation  and  often  ended  fatally  in  another 
24  or  48  hours.  The  typical  history  of  a  thyroid  crisis  is  somewhat  as 
follows.  A  patient  is  suffering  from  severe  or  moderately  .severe  Graves' 
disease.  The  pre-operative  course  is  not  very  satisfactory.  The  patient 
fails  to  gain  weight,  the  tachycardia  persists  and  the  basal  metabolic  rate 
fails  to  decline  during  iodine  medication.  Often  there  is  extreme  motor 
and  psychic  unrest.  Appetite  is  poor  and  sleeplessness  is  prominent.  Fre- 
(luently  there  is  diarrhea  or  vomiting  or  both.    Mild  manic  states  may 
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supei'vene.  With  some  uneasiness  the  surgeon  decides  to  operate  "to 
stop  the  progress  of  the  disease"  or  he  is  induced  to  operate  "as  a  life-saving 
procedure."  The  operation  may  be  accomplished  without  incident  or  more 
frequently  the  tachycardia  increases  and  the  patient  is  returned  to  bed. 
Soon  marked  restlessness  occurs  and  the  tachycardia  becomes  even  more 
marked.  After  12  hours  or  so  the  temperature  has  begun  to  reach  alarming 
heights  and  then  severe  hyperpyrexia  (105°  to  108°F.)  appears.  There 
is  marked  restlessness  and  frequently  acute  mania.  The  patient  becomes 
incontinent  and  lapses  into  coma.  The  pulse  rate  maj-  reach  200  per 
minute  and  the  diastolic  pressure  approaches  zero.  Death  occurs  from 
24  to  72  hours  after  the  operation.  The  usual  treatment  is  the  use  of 
sedatives  and  the  administration  of  iodine  by  the  intravenous  route.  All 
observers  are  agreed  that  the  prognosis  in  a  fully  developed  crisis  is  ex- 
tremely grave  and  it  is  doubtful  whether  any  therapy  is  of  much  value 
once  the  thyroid  storm  has  really  begim.  The  only  therapy  so  far  which 
seems  to  have  been  of  service  ha.s  been  prophylactic.  Operation  .should 
never  be  performed  as  an  emergency  procedure  and  should  be  done  only 
when  the  patient's  disease  has  been  held  in  check  by  medical  means  and 
iodine.  Most  clinicians  are  aware  of  this  now  and  the  incidence  of  post- 
operative thyroid  storms  has  diminished  almo.st  to  the  vanishing  point  in 
manj^  clinics. 

The  nature  of  the  thyroid  storm.  Because  of  the  fact  that  these  reactions 
usually  followed  operati^'e  procedures  upon  the  thyroid  gland  it  was  gen- 
erally believed  that  the  crisis  represented  some  acute  augmentation  of 
thyroid  activity  possibly  as  a  result  of  mechanical  expression  of  thyroid 
secretion  into  the  circulation  during  operative  manipulation  or  absorption 
from  the  wound  bed.  That  such  an  inoculation  of  the  blood  stream  may 
occur  has  been  suggested  by  the  recent  studies  of  Lerman  (2)  who  found  a 
positive  precipitin  reaction  for  thyroglobulin  in  the  blood  from  the  thyroid 
vein  only  after  trauma  to  the  gland.  On  the  other  hand  crises  have  oc- 
curred in  patients  with  Graves'  disease  following  operations  far  from  the 
thyroid  gland;  .such  as  pelvic  operations,  tonsillectomy  or  even  the  injec- 
tion of  varicose  veins  of  the  legs.  In  fact,  not  infrequently,  we  obser\'e 
.such  thyroid  storms  while  the  patients  are  still  on  the  medical  wards  being 
prepared  for  surgery.  The.se  "medical  storms"  are  almost  always  ushered 
in  by  one  of  the  acute  upper  respiratory  infections  to  which  these  patients 
are  so  susceptible.  .Although  the  obvious  .stimulation  that  occurs  during 
a  crisis  has  led  most  ob.seners  to  suspect  an  acute  intoxication  as  the 
cause  of  the  sjTnptoms  this  view  has  not  been  the  only  one  entertained. 
As  early  as  1925  Kessel  and  Hyman  (3)  recommended  the  intravenous  u.se 
of  thyroxine  to  combat  the  effects  of  the  thyroid  storm  on  the  assumption 
that  the  sudden  withdrawal  of  the  thyroid  secretion  might  lead  to  acute 
symptoms  in  patients  previously  established  on  a  high  level  of  hormone. 
In  1931  Bier  and  Roman  (4)  published  a  few  ca.ses  in  which  they  reported 
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that  there  was  a  postoperative  drop  in  the  blood  iodine  level  and  they 
attributed  the  postoperative  reaction  to  this  and  called  it  "Hypothyrox- 
aemischer  Shock."  Gutzeit  and  Parade  (5)  o])tained  results  in  direct 
contradiction  to  those  quoted  above.  The  methods  for  the  determination 
of  iodine  available  to  all  these  authors  at  those  times  must  now  be  con- 
sidered too  inaccvnate  to  warrant  the  conclusions  drawn. 

We  are  aware  that  the  sudden  withdrawal  of  the  secretion  of  a  hyper- 
functioning gland  may  lead  to  acute  symptoms.  The  occurrence  of  tetany 
following  the  removal  of  a  parathyroid  adenoma  and  of  acute  adrenal 
in.sufficiency  following  removal  of  an  adrenal  cortical  tumor  are  well  known. 
However,  in  these  instances  the  symptom  complex  produced  is  that  which 
is  well  recognized  as  due  to  a  deficiency  of  the  particular  gland  studied.  In 

TABLE  I 


Summary  of  data  {blood  iodine  values  in  gamma  per  cent) 
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the  ca.se  of  the  thyroid  storm  an  entirely  new  clinical  picture  Is  produced 
which  has  no  relation  to  the  phenomena  of  thyroid  insufficiency  as  we  have 
come  to  know  them.  It  must  be  stated  that  the  explanation  of  the  thyroid 
storm  as  an  acute  thyroid  insufficiency  has  not  been  established. 

Others  have  sought  in  the  central  nervous  system,  particularly  in  the 
diencephalon,  for  the  precipitating  factor  in  the  genesis  of  the  thyroid 
storm.  Morphologically,  at  least,  there  has  been  no  evidence  that  the 
nen'oiis  system  is  primarily  mvolved.  Certainly  no  significant  changes 
of  an  etiologic  nature  have  been  demonstrated  in  the  brain  to  account  for 
the  explosive  reaction  we  call  a  storm,  nor  in  fact,  have  any  significant, 
constant  changes  which  have  etiologic  importance  been  found  in  the  central 
nervous  system  in  Graves'  disease.  We  agree  with  Foss  and  his  co-workers 
(6)  that  although  the  liver  and  the  heart  are  involved  in  Graves'  disease 
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neither  of  them  play  an  etiologic  role  in  the  development  of  the  thyroid 
storm. 

We  have  followed  a  group  of  patients  suffering  from  Graves'  disease  in 
the  pre-operative  and  postoperative  periods.  Determinations  of  the  blood 
iodine  were  made  and  typical  results  are  given  in  the  following  table.  We 
are  detailing  only  the  values  for  the  non-dialyzable  iodine  as  all  these 
patients  received  Lugol's  solution  after  the  original  blood  iodine  levels  and 
the  basal  metabolic  rate  had  been  determined. 

DISCUSSION 

A  study  of  the  protocols  reveals  the  following: 

1.  The  blood  iodine  level  is  elevated  in  untreated  Graves'  disease. 

2.  Treatment  with  iodine  tends  to  lower  the  blood  iodine  coincident 
with  clinical  impi-ovement. 

3.  There  is  a  rise  in  the  blood  iodine  immediately  after  thyroidectomy 
averaging  1.9  gamma  per  cent  and  there  Is  a  return  to  pre-operative  levels 
24  hours  after  the  operation  is  completed  in  most  cases. 

4.  It  is  worthy  of  note  that  in  a  patient  who  had  one  of  the  most  severe 
reactions  and  whose  operation  had  to  be  terminated  after  only  one-half  of 
the  thyroid  had  been  removed  the  blood  iodine  remained  at  a  definitely 
high  level — exceeding  the  pre-operative  level  by  almost  4  gamma  per  cent 
and  being  higher  at  the  24  hour  period  than  at  any  of  the  earlier  postopera- 
tive intervals  (case  7). 

The  purpose  of  this  study  was  to  attempt  to  correlate  the  postoperative 
reaction  and  particularly  the  postoperative  crisis  with  variations  in  the 
level  of  the  circulating  blood  iodine  which  we  believe  may  be  an  index  of 
the  concentration  of  circulating  thyroid  hormone. 

Obviously  from  this  relatively  small  series  no  final  conclusions  can  be 
drawn.  With  regard  to  the  size  of  this  series  it  must  be  pointed  out  that 
such  data  are  very  difficult  to  collect  and  we  are  not  aware  of  any  com- 
parable study  in  the  literatin-e.  However,  we  feel  justified  in  concluding 
that  there  are  no  significant  changes  in  the  blood  iodine  after  thyroidectomy 
in  patients  suffering  from  Graves'  disease  who  have  been  properly  pre- 
pared for  surgery  by  bed  rest,  sedation  and  iodine  and  who.se  postoperative 
course  is  uneventful.  It  is  interesting  to  note  that,  of  the  seven  patients 
studied,  the  two  whose  blood  iodine  levels  were  the  highest  24  hours  post- 
operative were  the  same  two  who  had  the  least  favorable  postoperative 
course. 

We  have  had  no  opportunity  to  study  a  full-blown  postoperative  storm. 
Our  expei  ience  is  such  that  we  may  have  to  study  more  than  one  hundred 
cases  before  we  encounter  our  first  crisis. 

SUMMARY 

Seven  cases  of  Graves'  disease  were  studied.  The  blood  iodine  (non- 
diah'zable  fraction)  was  found  to  be  elevated  in  all.    The  blood  iodine 
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level  decreased  after  medical  treatment  coincident  with  clinical  improve- 
ment. In  most  of  the  cas(>s  there  were  no  significant  changes  in  the  blood 
iodine  in  the  24  hours  following  thyroidectomy  except  for  a  slight  increase 
immediately  after  the  operation.  The  two  patients  who  showed  the 
highest  blood  iodine  values  in  the  postoperative  period  were  the  same  two 
who  had  the  most  imfavorable  postoperative  course.  Xo  real  crisis  was 
encountered  in  this  .series. 
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Studies  ix  Triazines.  Ill 

HARRY  SOBOTKA,  Ph.D.  axd  EDITH  BLOCK,  Ph.D.> 

[From  the  Laboratories  of  The  Mount  Sinai  Hospital,  New  York  City] 

Among  the  heterocyclic  rings'  triazine,  consisting  of  three  carbon  and 
three  nitrogen  atoms,  takes  a  unique  position  because  of  its  high  degree  of 
sj-mmetry.  Its  formation  in  the  trimerization  of  numerous  open  chain 
cyanogen  derivatives  adds  to  its  remarkable  character.  The  triazine 
nucleus  commands  additional  interest  because  of  the  recognition  during 
the  last  decade  of  the  vital  importance  of  heterocyclic  structures  in  the 
architecture  of  physiologically  active  substances  such  as  vitamins,  hor- 
mones and  the  prosthetic  groups  of  enzymes.  The  greater  lability  of 
heterocycles  as  compared  with  the  benzene  ring  suggests  the  use  of  hetero- 
cyclic nuclei  such  as  pyridine,  hydantoin  and  also  triazine  in  synthesizing 
chemotherapeutic  compounds  that  can  readily  be  degraded  and  eliminated 
after  having  fulfilled  their  function  (1).  Finally,  a  condensed  sj'stem  com- 
prising alternating  triazine  and  diazine  nuclei  has  been  suggested  as  the 
basic  pattern  of  proteins  by  Wrinch  in  her  "cyclol  theoiy." 

For  these  various  reasons,  we  have  synthesized  derivatives  of  triazine, 
starting  from  the  trimethyl  ester  of  isocyanuric  acid,  which  is  in  hetero- 
cyclic terminology  1 ,3  .5-trimethyl-2 .4  .6-triketohexahydrotriazine  (2.3). 
Because  of  its  unique  structure,  the  carbonyl  groups  in  this  and  in  related 
compounds  do  not  behave  in  all  respects  like  keto  groups.  By  means  of 
Grignard's  magnesium  compounds,  substances  were  synthesized  which  we 
formulate  as  1 ,3  ,5-trimethyl-2-alkyl  (or  phenyl)-4 ,6-kideto-2-monohy- 
droxy-hexah^^drotriazine . 

(I)  X(CH3)— CO— X(CH3)— CO— X(CH3)— C(OH)R 

It  was  remarked  that  the  hydroxyl  group  of  the  cyclic  carbon  between 
two  tertiary  nitrogen  atoms  lacks  phenolic  and  alcoholic  character;  it 
proved  inert  toward  diazomethane  and  even  phenyl  isocyanate. 

Id  a  recent  publication  Haurowitz  (4)  discusses  the  methylation  and 
acetylation  of  proteins  in  respect  to  hypotheses  of  protein  structure.  His 
results  confirm  previous  experiences,  that  the  number  of  methyl  or  acetyl 
groups  which  may  be  introduced  into  proteins  can  be  accounted  for  by  the 
free  hydroxyl  and  amino  groups  of  a  polypeptide  chain.    However,  his 
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conclusion  that  this  fart  oxrkides  the  existence  of  cross  Hnkages,  resulting 
in  hydroxylated  triazine  nuclei  cannot  be  upheld,  since  we  have  found  that 
under  his  conditions  of  methylation  and  acetylation  even  a  comparati\  ely 
simple  structure  like  (I)  does  not  react  at  all,  the  starting  material  being 
recovered  quantitati\el.\'  from  the  reaction  mixture. 

EXPERIMENTAL 

Methylation.  Two  hundred  and  fifty  milligrams  of  (I)  (R  =  CeHs)  were 
suspended  in  10  ml.  of  water  and  just  enough  five  per  cent  sodium  hydroxide 
added  to  bring  it  into  .solution;  250  mg.  of  dimethylsulfate  were  then  added 
dropwise  at  room  temperature  under  stirring ;  the  solutiort  remained  alkaline. 
After  two  hours'  standing  the  excess  dimethylsulfate  was  destroyed  by 
addition  of  ammonia  and  the  mixture  acidified.  The  white  precipitate 
was  recrystallized  from  benzene  and  melted  at  161°C.  The  mixed  melting 
point  with  the  starting  material  was  160  to  16rC. 

Acetylation.  Five  hundred  milligrams  of  (I)  (R  =  C2H5)  were  refluxed 
with  2  ml.  of  acetic  anhydride  for  two  hours.  After  cooling,  the  solution 
was  poured  on  ice  and  the  aqueous  solution  extracted  several  times  with 
ether.  After  washing  and  drying,  the  ethereal  extract  was  evaporated  and 
the  residue  recrystallized  from  absolute  ether.  The  melting  point  was 
113°C.    The  mixed  melting  point  with  the  starting  material  was  113°C. 
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SYPHILITIC  AORTITIS  WITH  AORTIC  REGURGITATION 


An  Electrocardiographic  and  Al'topsy  Survey  at  the 
Massachl'setts  General  Hospital 

HOWARD  B.  SPRAGUE,  M.D. 
[Boston,  Mass.] 

A  svirvey  of  the  various  types  of  heart  disease  in  Xew  England  (1)  has 
revealed  that  rheumatic  heart  disease  comprises  about  forty  per  cent  of 
the  cases,  and  syphilitic  heart  disease,  only  about  4  per  cent.  With  such 
a  high  incidence  of  rheumatic  valvular  disease,  it  is  natural  that  the  dif- 
ferential diagnosis  between  syphilitic  and  rheumatic  involvement  of  the 
aortic  valve  should  frequently  come  into  question  in  this  part  of  the  coun- 
try. A\Tiile  the  correct  diagnosis  is  usually  made  A\-ithout  great  difficulty, 
all  diagnostic  aids  are  at  times  required,  and  a  combination  of  the  two 
infections  in  the  heart  is  sometimes  found  at  autopsy.  At  the  Massachu- 
setts General  Hospital,  typical  syphilitic  aortitis  with,  or  without  aortic 
regurgitation  is  becoming  a  relatively  rare  disease,  certainly  so  far  as  our 
autopsy  experience  is  concerned. 

The  present  report  is  based  on  the  5,044  autopsies  of  the  j  ears  from  1925 
to  1941.  In  these  sixteen  years,  it  was  possible  to  collect  only  22  cases  of 
syphilitic  aortitis  in  which  the  clinical  diagnosis  of  aortic  regurgitation 
was  made,  the  serology  was  positive,^  electrocardiographic  stud}'  was 
made,  and  the  autopsy  performed.  In  some  of  these  cases  the  diagnosis 
finally  rested  on  the  microscopic  as  well  as  the  gross  examination  of  the 
aorta.  Such  examples,  therefore,  cannot  be  considered  characteristic  of 
the  fully  developed  aortic  regurgitation  of  syphilis,  but  it  is  just  such  cases 
which  present  the  most  difficult  differential  diagnostic  problems.  While 
autopsy  examinations  give  precise  correlation  between  the  clinical  findings 
and  anatomical  distortions,  they  do  not  necessarily  give  a  complete  picture 
of  a  particular  disease.  This  Ls  in  part  due  to  the  fact  that  unusual  and 
puzzling  cases  are  those  for  whose  post-mortem  examinations  a  greater 
effort  is  made,  and  it  is  not  expected  that  these  figures  will  ne(*essarily  be 
representative  of  the  general  autopsy  experience  in  Boston. 

The  question  of  most  concern  to  the  author  is  the  degree  to  which  the 
electrocardiograph  could  serve  as  a  guide  to  the  possible  complications 
of  syphilitic  aortitis  and  aortic  regurgitation.    Several  excellent  studies 

*  In  one  instance  of  typical  syphilitic  aortitis,  the  patient  died  before  the  blood 
serology  was  obtained. 
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of  this  have  ah-eady  appeared  (2,  3,  4,  5,  G).  In  some  of  these  autopsy 
correlation  was  not  possible  and  tliere  is,  perhaps,  no  cardio\'ascular  con- 
dition in  which  more  surprises  at  the  autoi)sy  table  may  appear.  In  gen- 
eral, electrocardiographic  studies  have  indicated  that  the  electrocardio- 
graiih  does  not  show  changes  which  can  be  considererl  specific  for  syphilis 
of  the  heart.  Conduction  defects,  both  auriculo-ventricular  and  intra- 
\  entricular  have  been  described  as  well  as  S-T  displacements  and  T  wave 
inversions  in  all  of  the  leads.  A  high  percentage  of  electrocardiographic 
abnormality  is  to  be  expected.  In  .luster  and  Pardee's  (5)  series,  ab- 
normal electrocardiographic  features  were  found  in  78  per  cent.  Abnormal 
rhythms  may  occur,  such  as  auricular  fibrillation,  auricular  flutter  and  pre- 
mature beats.  In  the  presence  of  aortic  regurgitation  with  left  \-entricular 
hypertrophy,  and  relative  anoxia  of  the  heart,  left  axis  deviation  is  the 
usual  change.  Authors  also  note  that  the  common  com])lications  of  hy- 
pertension and  coronary  atherosclerosis  introduce  confusing  electrocardio- 
graphic signs. 

In  the  series  reported  here,  there  were  22  cases,  20  males  and  2  females. 
The  age  range  was  from  twenty-six  to  .seventy-four  years.  C'ompHcations 
were  extremely  common.  These  were  as  follow's:  hypertension,  10  cases; 
arteriosclerotic  coronary  disease,  3  cases,  in  2  of  which  there  was  myocardial 
infarction;  rheumatic  heart  disea.se  alone,  2  ca.ses;  bacterial  endocarditis 
alone,  1  case;  a  combination  of  congenital  heart  disease,  rheumatic  heart 
disease,  and  subacute  bacterial  endocarditis,  1  case;  aneurysm  of  the 
aorta,  .single  or  multiple,  11  ca.ses.  In  fact,  it  was  difficult  to  find  localized 
and  uncomplicated  syphilitic  aortitis  with  aortic  regurgitation.  Including 
cases  with  hypertension  and  the  1  case  with  bacterial  endocarditis,  there 
were  only  4  cases  of  syphilitic  aortitis  uncomplicated  either  by  aneuiysm 
or  other  abnormality. 

ELECTROCAKDIOGRAPHIC  FINDINGS 

Left  axis  deviation.  The  origin  of  the  present  investigation  depended, 
in  part,  upon  the  fact  that  left  axis  deviation  in  the  presence  of  aortic  re- 
gurgitation was  not  found  so  frequently  as  might  be  expected  if  the  electro- 
cardiogram were  reflecting  an  uncomplicated  strain  upon  the  left  ventricle. 
In  this  series  there  were  7  instances  of  typical  left  axis  deviation,  although 
in  three  of  these  cases  the  left  axis  de\'iation  was  only  slight.  In  these  7 
cases  hypertension  was  present  in  4.  In  one  other  instance,  a  man  of 
sixty-seven,  the  disease  was  mild  but  of  long  standing  with  calcification  of 
the  aorta,  and  a  heart  weight  of  570  grams.  In  the  sixth  case  the  heart  was 
small,  weighing  only  295  grams  with  only  a  slight  aortic  diastolic  murmur 
discovered  during  life.  There  was,  however,  a  fusiform  dilatation  of  the 
aorta.  In  the  .seventh  case  there  were  faint  systolic  and  diastolic  murmurs 
over  the  aortic  area.  Autop.sy  showed  no  separation  of  the  commissures 
of  the  aortic  valve,  but  a  slight  adhesion  of  the  cusps,  and  a  left  ventricle 
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twice  normal  in  size,  with  narrowing  of  the  right  coronary  orifice.  In 
this  group  with  left  axis  deviation,  further  electrocardiographic  changes 
were  low  voltage,  delayed  auriculo-ventricular  conduction,  sagging  S-T 
intervals  in  leads  I,  II  and  III,  auricular  premature  beats,  sinus  tachy- 
cardia, independent  auricular  and  A  entricular  rhythms,  inversion  of  Ti 
and  T4,  with  low  S-T  take-off  in  lead  IV,  and  notching  of  QRS.  The 
coronary  orifices  were  noted  as  narrowed  on  the  left  in  one  case,  on  the 
right  in  two  cases,  and  occlusion  of  the  descending  branch  of  the  left  coro- 
nary was  found  in  the  one  case  of  myocardial  infarction  which  also  pre- 
sented hypertension. 

It  will  be  seen  from  this  description  that  only  about  one-third  of  these  22 
cases  had  an  expected  left  axis  deviation  in  the  electrocardiogram  in  spite 
of  aortic  regiu-gitation,  definitely  diagnosed  during  life.  There  remain  15 
cases  in  which  the  electrical  axis  was  either  normal  or  deviated  to  the  right, 
or  in  which  there  was  intraventricular  block  of  varying  types.  There 
were  4  instances  of  the  latter  condition. 

Right  bundle  branch  block.  Two  cases  showed  right  bundle  branch  block. 
In  one  of  these,  a  single  observation  of  hypertension  wa.s  made,  but  in 
addition  there  was  a  very  large  aneurysm  of  the  arch  of  the  aorta  which 
finally  ruptured  into  the  pulmonary  artery  as  the  terminal  event.  Xo 
coronary  narroAnng  was  found  in  this  case.  The  other  case  also  showed 
hypertension  with  saccular  aneurysm  of  the  ascending  aorta,  and  marked 
coronary  arteriosclerosis  and  narrowing.  In  both  of  these  examples  of 
right  branch  defect,  the  electrocardiogram  was  of  the  Si  type,  and  the  ven- 
tricular complexes  were  not  widened  beyond  0.12  second. 

Left  bundle  branch  block.  There  was  one  instance  of  left  bundle  branch 
block.  The  patient  entered  in  extremis  with  auricular  fibrillation,  and  a 
diagnosis  of  angina  pectoris  with  coronary  occlusion  was  made.  Autopsy 
showed  a  complete  occlusion  of  the  right  coronary  orifice  from  .syphilitic 
aortitis  but  there  was  no  myocardial  infarct  or  aneurysm  of  the  aorta. 

Atypical  bundle  branch  block.  There  was  one  example  of  intraventricular 
block  of  the  indetermmate  type.  In  this  case,  there  were  multiple 
aneurysms  of  the  aortic  arch  with  rupture  of  one  of  these  into  the  pul- 
monary artery.  The  physical  findings  were  then  altered  by  the  develop- 
ment of  a  marked  dilatation  of  the  pulmonary  artery  with  a  continuous 
murmur  over  it.  This  led  to  the  diagnosis  of  the  rupture;  the  condition 
was  survived  for  eight  months  more,  and  confirmed  by  autopsy.  There 
was,  in  addition,  complete  occlusion  of  the  right  coronary  orifice. 

Eight  axis  deviation.  Two  cases  had  right  axis  deviation.  Such  a  find- 
ing should  always  make  one  suspicious  of  a  complicating  strain  upon  the 
right  heart.  This  might,  most  commonly,  be  expected  to  be  due  in  New 
England  to  a  complicating  rheumatic  heart  disease  with  mitral  stenosis. 
It  might  also  be  due  to  cor  pulmonale  either  in  its  acute  stage  from  pul- 
monary infarction,  or  in  the  more  chronic  stage  from  pulmonary 
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cndartoiitis,  perhaps  due  to  syphilitic  involvement  of  the  vessels  from  the 
so-called  Ayerza's  disease.  We  have  not  observed  this  in  our  cases.  One 
patient,  a  man  aged  forty,  showed  marked  dilatation  of  the  right  heart  at 
autopsy,  with  rheumatic  mitral  disease  and  insufficiency  of  the  valve  with- 
out stenosis  and  an  acute  endocarditis  of  all  the  \  alves  of  the  rheumatic 
type.  The  aortitis  was  of  an  unusual  nature,  but  there  was  separation  of 
the  commissures  of  the  aortic  valve  and,  microscopically,  the  aorta  was 
considered  to  be  syphilitic.  In  the  other  case,  a  man  aged  fifty,  there  was 
hypertrophy  of  the  right  auricle  and  right  ventricle,  with  acute  endocarditis 
of  aortic  and  mitral  valves,  and  chronic  endocarditis  of  the  mitral  valve 
with  marked  mitral  stenosis  of  the  rheumatic  type.  There  was  also  an 
acute  pericarditis.  The  right  coronary  orifice  was  very  small.  In  addition 
to  the  right  axis  deviation  in  the  electrocardiogram,  the  P  wave  was 
notched,  and  the  P-R  interval  was  0.2  second. 

Normal  electrical  axis.  There  remain  for  consideration  nine  instances 
or  almost  half  of  the  cases  in  which  the  electrical  axis  was  normal.  In 
the  presence  of  aortic  regurgitation,  such  a  finding  is  worthy  of  analysis 
because  it  suggests  a  condition  of  the  heart  in  which  either  there  is  little 
strain  on  the  left  ventricle,  or  there  is  some  compensating  factor  of  right 
heart  strain  or  anoxia  resulting  in  preponderance  or  conduction  effects 
balancing  the  left-sided  shift.  Briefly,  the  findings  in  these  9  cases  were 
as  follows: 

1)  Male,  44.  There  was  a  large  aneurysm  just  above  the  sinuses  of 
Valsalva  pressing  on  and  displacing  the  pulmonary  conus.  It  exerted 
pressure  also  on  the  left  auricle,  and  on  the  left  bronchus  resulting  in  col- 
lapse of  the  left  lower  lobe.  The  final  event  was  rupture  into  the  pul- 
monary artery  and  the  pericardium.  Ainicular  flutter  was  present  at 
times,  and  at  other  times  sinoauricular  bradycardia  with  sagging  S-T 
intervals  due  to  digitalis,  and  deep  inversion  of  the  T  waves  in  leads  I  and 
II.  Autop.sy  disclosed  that  the  aortic  valve  was  apparently  not  involved 
in  the  syphilitic  process;  there  was  no  evidence  of  separation  of  the  aortic 
commissures.  This  is  an  instance  in  which  well  marked  aortic  regurgita- 
tion with  Corrigan  piilse  and  other  peripheral  signs  were  present  from  a  dila- 
tation of  the  aortic  ring.  The  coronary  arteries  were  not  involved.  The 
heart  weight  was  not  determined  as  there  were  1,000  cc.  of  blood  in  the 
pericardial  cavity. 

2)  Male,  G4.  There  were  multiple  aneurysms  of  the  aorta  with  final 
mpture  into  the  mediastinum  and  the  esophagus.  The  coronarj-  arteries 
were  sclerotic  but  patent.  Although  the  aortic  diastolic  murmur  was  de- 
scribed as  moderately  loud,  the  aortic  valves  and  commissures  were  not 
involved,  and  the  heart  weighed  only  340  grams  with  slight  prominence  of 
the  left  ventricle.  The  T  wave  was  flat  in  lead  I.  This  may  be  considered 
another  example  of  functional  aortic  regurgitation,  due  to  the  aortitis 
without  involvement  of  the  aortic  valve. 
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3)  ^Male,  56.  A  loud  aortic  diastolic  murmur  was  heard,  but  by  x-ray 
examination  the  heart  was  reported  as  normal  in  size.  Autopsy,  however, 
showed  moderate  cardiac  enlargement  with  syphilitic  aortitis  and  separa- 
tion of  the  aortic  cusps,  but  also  a  fresh  vegetative  endocarditis  with 
perforation  of  one  of  the  aortic  cusps.  Culture  of  the  vegetations  showed 
B.  subtilLs,  and  B.  coli.  The  T  waves  were  low  in  the  electrocardiogram. 
In  this  case,  the  aortic  regurgitation  was  probably  only  slight  until  the 
final  ulcerative  involvement  of  the  aortic  valve,  and  not  enough  time 
elapsed  before  death  to  result  in  much  strain  upon  the  left  ventricle. 

4)  INIale,  29.  This  man  gave  a  history  of  rheumatic  fever  at  the  age  of 
fourteen,  and  heart  disease  was  diagnosed  at  that  time.  For  eight  or  nine 
months  before  he  was  .seen,  he  had  had  tj-pical  angina  pectoris  on  effort, 
and  also  at  rest.  The  clinical  diagnosis  was  rheumatic  heart  disease  with 
aoi'tic  regurgitation  and  slight  mitral  regurgitation,  and  mitral  stenosis. 
He  died  suddenly  following  paravertebral  alcohol  injection  for  his  intract- 
able pain.  Autopsj'  showed  syphilitic  aortitis  with  separation  of  the  aortic 
commissures  and  complete  occlusion  of  the  right  coronaiy  orifice.  Xo 
involvement  of  the  mitral  \  alve  was  found,  and  no  evidence  of  rheumatic 
heart  disease.  Electrocardiogram  showed  a  \o\y  T  wa\  e  in  lead  I  with 
inverted  T  waves  in  leads  II  and  III.  The  heart  weighed  559  grams.  It 
is  po.ssible  in  this  Instance  that  the  aortitis  was  relatively  acute  to  account 
for  the  absence  of  the  left  axis  deviation.  A  conduction  defect  may  have 
played  a  part  in  the  balance  of  the  electrical  axis. 

5)  ]Male,  26.  In  this  case,  the  process  was  acute.  A  small  aneurj'sm 
was  found  in  one  of  the  sinuses  of  ^"alsalva  with  a  rupture  of  an  attachment 
of  one  aortic  cusp.  The  left  coronary  orifice  was  narrowed.  A  suspicion 
of  syphilitic  myocarditis  was  also  raised  on  microscopic  examination  of 
the  heart  muscle.  The  heart  weighed  only  375  grams  and  by  x-ray  ex- 
amination, did  not  have  an  aortic  shape.  Electrocardiogram  showed 
inversion  of  T  waves  in  leads  1  and  11.  Here  again,  the  acuteness  of  the 
process  was  probably  responsible  for  the  absence  of  the  signature  of  left 
ventricular  strain  in  the  electrocardiogram. 

6)  Male,  40.  Multiple  anevuysms  of  the  aorta  with  stenosis  of  the 
right  coronary  orifice  were  found  at  autopsy.  In  spite  of  a  loud  double 
aortic  murmur  described  in  the  physical  examination  the  aortic  valve  was 
not  involved  and  the  heart  was  normal  in  size,  weighing  350  grams.  This 
is  another  example  of  relative  aortic  regurgitation  with  aneurysm,  without 
involvement  of  the  valve.  A  Corrigan  pulse  was  described,  and  also  the 
peripheral  signs  of  aortic  regiu'gitation.    The  T  wave  was  low  in  lead  I. 

7)  Male,  51.  Although  some  hypertension  was  noted,  184  systolic  and 
74  diastolic,  the  aortic  diastolic  murmur  was  described  as  faint.  Autopsy 
showed  slight  separation  of  the  aortic  commissures  but  the  heart  weighed 
only  300  grams.  Xo  aneurysms  and  no  coronarj^  involvement  were  found. 
The  electrocardiogram  showed  a  low  Ti  and  To,  with  inverted  T3.  In 
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this  instance,  one  would  have  expected  to  find  some  left  axis  deviation 
in  the  electrocardiogram  from  the  hj-pertension  alone;  however,  it  is  not 
known  how  long  this  existed.  It  is  interestuig  that  again  no  separation 
of  the  aortic  commissures  was  found. 

8)  Male,  G8.  On  one  occasion,  hypertension  was  noted  in  the  examina- 
tion. In  addition,  the  patient  had  pernicious  anemia  and  a  healed  myo- 
cardial infarct  with  calcified  aneurysms  of  the  subclavian  and  innominate 
arteries.  The  heart  weight  was  550  grams.  Electrocardiogram  showed 
slight  inversion  of  the  T  wave  in  lead  I.  It  is  possible  here  that  a  conduc- 
tion defect  in  the  ventricles  prevented  the  ordinarj'^  picture  of  left  axis 
deviation,  and  was  related  to  the  myocardial  infarction. 

9)  Male,  37.  The  condition  found  at  autopsy  in  this  case  was  the  most 
complicated  in  the  entire  series.  Autopsy  showed  rheumatic  heart  disease 
with  aortic  stenosis,  as  well  as  syphilitic  aortitis,  and  a  congenital  inter- 
ventricular septal  defect.  The.se  abnormalities  were  further  complicated 
by  a  subacute  bacterial  endocarditis.  There  was  marked  hypertrophj^  of 
both  ventricles.  The  heart  weighed  650  grams.  The  diagnosis  of  all  the 
conditions  except  the  septal  defect  was  made  clinically.  Electrocardio- 
gram showed  sagging  S-T  intervals.  Undoubtedly,  in  this  instance, 
the  balance  of  strain  on  both  ventricles  resulted  in  a  normal  electrical  axis. 

DISCUSSION 

Within  the  compass  of  this  relatively  small  series  of  cases  of  syphilitic 
aortitis,  there  are  examples  of  most  of  the  complications  which  might  be 
expected  to  alter  the  contour  of  the  electrocardiogram.  This  study  would 
confirm  the  findings  of  others,  that  the  S-T  and  T  wave  changes  are  not 
specific  for  this  condition.  Table  I  shows  the  total  incidence  of  the  electro- 
cardiographic abnormalities  in  this  series.  In  well-marked  aortic  regurgita- 
tion of  long  standing,  one  may  expect  the  electrocardiographic  picture  of 
left  ventricular  strain,  or  relative  ischemia.  It  would  appear  that  absence 
of  this  finding  as  well  as  other  alterations  in  the  QRS  complex  would  be 
more  suggestive  of  a  complicating  factor  or  an  atypical  situation.  While 
the  series  is  too  small  to  assure  any  consistency  in  these  findings,  the  follow- 
ing observations  were  made.  In  the  cases  with  bundle  branch  block, 
marked  coronary  narrowing  or  obstruction  was  found  in  3  out  of  4  cases, 
and  in  2  cases,  aneurysms  of  the  aortic  arch  exerted  pressure  on  the  pul- 
monary artery  and  finally  ruptured  into  it.  This  rupture  was  survived 
by  1  case  for  at  least  8  months,  and  the  type  of  bundle  branch  block  was 
not  clearh^  right  or  left. 

Two  cases  showing  right  axis  deviation  were  both  complicated  by  rheu- 
matic heart  disease,  one  with  marked  mitral  regurgitation,  and  the  other 
with  marked  mitral  stenosis.  When  a  normal  electrical  axis  was  found, 
the  following  complicating  conditions  were  also  present  which  were  ai>- 
parently  responsible  for  the  lack  of  left  axis  deviation,  even  in  the  presence 
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of  aortic  regurgitation:  congenital  heart  disease;  rheumatic  heart  disease; 
acute  aortitis  with  bacterial  involvement  and  rupture  of  an  aortic  cusp; 
atypical  aortitis  with  rupture  of  an  attachment  of  an  aortic  cusp;  aneurysm 
of  the  aorta  with  functional  aortic  regiugitation ;  chronic  pressure  on,  and 
displacement  of  the  pulmonary  artery  and  left  auricle  from  aneurj-sm; 


TABLE  I 


TOTAL  INCIDENCE  OF  ELECTROCARDIOGRAPHir  FINDINGS 

Total  

Left  axis  deviation  

Right  axis  deviation  

Right  bundle  branch  block  

Left  bundle  branch  block  

Intraventricular  block  (indefinite)  

Long  P-R  interval   

Inverted  Ti  

Low  Ti  

Low  T  all  leads  

Inverted  Ti  and  T2  

Inverted  Tj  and  T3  

S-T  displacements — sagging  (some  due  to  digitalis) . . . 

Notched  QRS  

Independent  auriculo-ventricular  rhythms  

Auricular  fibrillation  

Auricular  flutter  

Auricular  premature  beats   

Ventricular  premature  beats  


bronchial  obstruction;  myocardial  infarction;  and  absence  of  an  enlarge- 
ment of  the  heart. 

CONCLUSIONS 

A  series  of  22  cases  of  syphilitic  aortitis  with  aortic  regurgitation 
autopsied  at  the  Massachusetts  General  Hospital  from  1926  to  1941  has 
been  analyzed  with  reference  to  the  electrocardiographic  findings.  The 
absence  of  left  axis  deviation  in  the  electrocardiograrn  suggests  a  complica- 
tion beyond  simple  aortic  dilatation  with  involvement  of  the  aortic  cusps 
and  separation  of  their  commissures.  Conditions  resulting  in  acute,  or 
chronically  mild  strain  on  the  left  ventricle,  or  conditions  resulting  in 
an  additional  strain  on  the  right  ventricle  appear  to  be  largely  responsible 
for  the  appearance  of  a  normal  electrical  axis  or  a  right  axis  deviation.  In 
cases  with  bundle  branch  block,  high  degrees  of  coronary  obstruction  may 
be  present,  particularly  of  the  right  coronary  orifice.  But  in  one  case 
without  coronary  narrowing,  a  large  aneurysm  pressing  on  and  finally  per- 
forating into  the  pulmonary  artery  was  found  at  autopsy.    It  is  suggested 
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that  tlio  ol(M'trical  axis  of  tlio  elect i-ocanliosram  is  of  more  use  than  the  S-T 
and  T  segments  in  indicating  complications  of  syphilitic  aortitis. 

The  results  of  this  study  afford  another  exami)Ie  of  the  fact  that  the 
extent  of  dis(>ase  and  the  presence  of  comi)lications  are  often  of  more  im- 
portance than  an  etiologic  factor  alone  in  the  production  of  alterations  in 
the  electrocardiogram. 
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COMPARISON  OF   SOIULTAXEOUS  INDIRECT  (AUSCULTA- 
TORY) AND  DIRECT  (INTRA-ARTERIAL)  INIEASUREMENTS 
OF  ARTERIAL  PRESSURE  IN  IMAN^ 


J.  -MURRAY  STEELE,  M.D. 

[From  the  Hospital  of  the  Rockefeller  Institute,  Xew  York  City  and  the  New  York 
University  Medical  Division  of  Welfare  Hospital,  Xew  York  Cily] 

The  accuracy  of  the  indirect  method  of  measuring  arterial  pressure  in 
human  beings  by  means  of  placing  a  pneumatic  cuff  about  the  upper  arm 
and  auscultating  the  sounds  arising  in  the  artery  below  it  (1)  has  until 
recently  been  difficult  to  test.  Application  of  Frank's  principles  of  direct 
intra-arterial  manometry  (2,  3)  to  smaller  and  less  sensitive  manometers 
(4,  5)  whose  sensitivity  is  subsequently  magnified  by  using  longer  beams  of 
light,  has  permitted  the  use  of  cannulae  for  connecting  artery  and  manom- 
eter of  such  small  caliber  that  ordinary  luer  needles  (18  to  25  gauge)  may 
be  employed.  Finally,  substitution  of  short  pieces  of  flexible  lead  tubing 
for  the  older  rigid  metal  ones  to  connect  arterial  cannulae  to  the  manometers 
has  made  the  positioning  of  .subject  and  manometer  .so  convenient  that 
direct  intra-arterial  measurement  of  pressure  in  various  arteries,  often  in 
two  or  three  arteries  simultaneou.sly,  of  unane.sthetized  man  and  beast  may 
be  carried  out  \\ithout  pain  and  with  minimal  disturbance.  In  individuals 
whose  flesh  is  especially  tender,  arterial  puncture  may,  in  fact,  often  be 
performed  with  less  discomfort  than  that  which  accompanies  inflation  of 
the  cuff  for  measuring  arterial  pressure  by  the  usual  indirect  technicjue. 

In  view  of  these  advances  in  technique,  it  .seemed  desirable  to  compare 
measurements  of  arterial  pressure  obtained  by  the  u.sual  indirect  technique 
with  those  obtained  b}'  an  established  direct  method  in  order  to  furnish  data 
for  rational  criteria  for  the  use  of  the  usual  auscultatorj'  technique.  The 
instrument  developed  by  Hamilton  (4)  was  chosen. 

Procedure.  The  patient  is  placed  supine  in  bed,  the  arm  supported 
horizontally  at  an  angle  of  about  60°  to  the  axis  of  the  body  on  a  small 
padded  frame  which  supports  the  arm  from  elbow  to  wrist  and  at  the  same 
time  allows  clearance  for  inflation  of  the  pneumatic  cuff  about  the  upper 
arm.  The  cuff  is  connected  hy  the  two  arms  of  a  Y-tube  to  a  mercury 
manometer  and  to  one  of  two  Hamilton  manometers.  The  needle  of  the 
second  Hamilton  manometer  is  inserted  into  the  radial  artery.  The  cuff 
is  then  inflated  and  deflated  in  the  usual  manner  for  estimation  of  arterial 

1  The  latter  part  of  this  investigation  has  been  aided  b}-  a  grant  from  the  Josiah 
Macy,  Jr.  Foundation. 
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pressure  by  listening  for  Korotkoff  sounds  with  a  stethoscope,  while  pres- 
sures in  the  radial  artery  and  within  the  euit'  are  Ix'ing  simultaneously  re- 
corded by  optical  means.  Note  is  made  of  the  level  of  the  mercury  ma- 
nometer at  the  appearance  of  sound,  at  the  moment  of  sudden  muffling  and 
at  the  disappearance  of  sound  (first,  fourth  and  fifth  phases  respectively), 
and  their  occurrence  is  signalled  on  the  photographic  record. 

With  the  help  of  these  records,  the  systolic  and  diastolic  pressures  re- 
corded by  the  Hamilton  manometer  may  be  compared  with  those  estimated 
at  the  various  phases  with  the  help  of  Korotkoff's  sounds  by  reading  the 
level  of  the  meirury  manometer.  The  level  of  pressvu'e  in  the  ]ineumatic 
cufi'  maj'  also  be  estimated  for  these  points  from  the  optical  record,  and 
thus  serve  as  a  guide  to  the  correctness  of  the  mercury  manometer  in 
indicating  the  pres.^ure  within  the  cuff.  Oljservations  obtained  show  that 
the  effective  size  of  the  vent  at  the  top  of  the  mercury  manometer  is  the 
factor  which  limits  the  speed  at  which  the  cuff  can  be  deflated  without  lag 
in  recording  the  pressure  therein,  ^^'ith  the  manometers  in  general  use, 
the  pressure  in  the  cuff  may  be  lowered  as  rapidly  as  8  mm.  per  second 
without  significant  loss  of  accuracy.  It  is,  however,  important  to  note 
that  the  distance  in  millimeters  of  mercury  which  the  manometer  drops 
between  two  beats  contributes  to  error.  This  error  is  directly  proportional 
to  the  rate  of  fall  and  inversely  proportional  to  the  pulse  rate.  Hence,  a 
slow  rate  of  fall  (3  to  5  mm.  per  second)  in  passing  the  levels  of  systolic  and 
diastolic  pressure,  is  desirable.  Although  the  differences  between  measure- 
ments of  pressure  in  the  cuff  by  the  Hamilton  and  by  the  mercury  manom- 
eter are  small,  they  are  significant  and  this  phase  of  the  problem  is  still 
under  investigation. 

The  accuracy  of  the  measurements  obtained  from  the  optical  records  of 
the  direct  manometer  seems  unquestionable  in  theory.  Certain  practical 
difficulties  leave  room  for  error.  In  order  to  avoid  these  eri'ors  so  far  as 
possible,  the  following  precautions  have  been  taken:  1)  The  frequency  of 
the  manometers  has  been  tested  regularly  and  records  were  not  used  unless 
the  frequency  was  greater  than  150  per  .second.  2)  A  needle  of  smaller 
caliber  or  of  greater  length  than  the  one  with  w'hich  the  manometer  was 
calibrated  was  never  used,  3)  After  insertion  of  the  needle  into  an  artery, 
it  was  ascertained  that  moderate  changes  in  its  position  did  not  affect  the 
character  or  amplitude  of  the  pulse  wave.  4)  When  the  needle  was  with- 
drawn after  the  recording  was  complete,  its  point  was  examined  for  partial 
blocking  by  clot  or  by  bits  of  tissue  and,  if  present,  the  record  was  discarded. 
The  patency  of  the  needle  was  also  ascertained  by  forcing  citrate  solution 
through  it  under  pres.sure.  A  defect  in  the  smooth  ejection  stream  was 
readily  observable. 

Comparison  betw-een  the  two  methods  has  been  made  74  times  in  39 
individuals  .selected  only  in  that  they  did  not  exhibit  valvular  defects  or 
arrhythmias  (Table  I).    Each  comparison  in\  olves  two  separate  successive 


TABLE  I 


Comparison  of  direct  and  indirect  arterial  pressures  in  forty-one  individuals 
are  made.  Direct  manometer  is  in  right  radial  artery.  Standard  pneumatic  cuff 
(12  cm.  wide),  about  right  brachial  arterj'. 


SYSTOLIC  PRESSUBE  MM.  Hg 

DIASTOLIC 

PRESSURES 

MM.  Hg 

P.\TIENT 

Auscul- 

IJirsct 

Differ- 

Auscultatory 

Direct 

Differences* 

mano- 

meter 

ence* 

4th  phase 

5th  phase 

meter 

4th  phase 

5th  phase 

1.  E.  K  

130 

130 

0 

86 

80 

75 

+  11 

+5 

2.  A.  S 

124 

128 

—  4 

76 

72 

+4 

3.  R.  B 

94 

96 

—2 

68 

60 

58 

+10 

+2 

4.  R.  S  

150 

162 

—  12 

80 

70 

74 

+6 

-4 

5.  R.  S  

185 

170 

+15 

114 

110 

112 

+2 

-2 

6.  C  

210 

215 

-5 

130 

132 

-2 

7.  R.  K  

156 

164 

—8 

106 

108 

-2 

8.  H.  S  

200 

230 

-30 

140 

130 

130 

+  10 

0 

9.  L.  R  

234 

255 

—21 

140 

126 

125 

+15 

+1 

10.  W.  N  

214 

242 

-28 

140 

142 

-2 

11.  E.  T 

115 

112 

+3 

75 

69 

70 

+5 

-1 

12.  A.  S. 

114 

125 

-11 

80 

76 

82 

-2 

-8 

13.  A.  S  

148 

156 

-8 

80 

73 

+7 

14.  J.  B  

115 

119 

-4 

80 

72 

68 

+12 

+4 

15.  H.  M  

241 

242 

—  1 

120 

122 

-2 

16.  J.  W  

112 

136 

—24 

84 

78 

+6 

17.  M.  K  

152 

192 

-40 

•  92 

88 

+4 

18.  W.  J 

122 

149 

—27 

90 

80 

80 

+  10 

0 

19.  J.  S  

210 

212 

_2 

140 

130 

128 

+  12 

+2 

20.  R.  S  

130 

146 

-16 

73 

70 

+3 

21.  T.  R  

113 

115 

—  2 

67 

60 

62 

+5 

—  2 

22.  D.  S  

170 

196 

-26 

92 

90 

+2 

23.  J.  M  

142 

126 

+16 

106 

86 

80 

+26 

+6 

24.  J.  X  

120 

125 

-5 

80 

83 

-3 

25.  T.  R  

112 

120 

-9 



61 

58 

+3 

26.  W.  J 

114 

135 

-21 

69 

70 

-1 

27.  J.  B 

122 

126 

-4 

70 

68 

62 

+8 

+6 

28.  R.  S 

122 

145 

-23 

68 

60 

52 

+  16 

+8 

29.  S.  S.. . 

262 

270 

-8 

164 

164 

0 

30.  L.  C  

126 

'149 

-23 

— 

78 

80 

— 

-2 

31.  J.  F  

1  ftA 

11 
t1 

ou 

79 

-LI 

32.  L.  H  

162 

184 

-22 

88 

84 

89 

-1 

—  0 

33.  A.  B  

116 

126 

-10 

74 

68 

68 

+6 

0 

34  \V  S 

129 

131 

—  2 

90 

80 

82 

+8 

35.  E.  G  

131 

138 

-7 

72 

68 

63 

+9 

+5 

36.  J.  H  

144 

170 

-26 

86 

80 

90 

-4 

-10 

6i .  J  .   

163 

156 

+7 

78 

74 

75 

+3 

-1 

38.  J.  P  

144 

146 

-2 

96 

92 

86 

+10 

+6 

39.  G.  B  

150 

152 

-2 

92 

86 

81 

+  11 

+5 

Average  

150 

160 

-10 

90.1 

88 

87.3 

+8.8 

+0.8 

40.  P.  0  

138 

150 

-12 

70 

50 

50 

+20 

0 

41.  J.  D  

108 

139 

-31 

70 

45 

67 

+3 

-22 

*  Differences  are  recorded  with  the  direct  record  as  a  standard. 


1044 


MEASUREMENTS  OF  ARTERIAL  PRESSURE  IX  MAN 


1045 


simultaneous  measurements  by  each  method.  In  ten  individuals,  two 
comparisons  were  made.  The  ages  ranged  from  22  to  8(5  years.  Twenty- 
one  were  normal,  seven  suffered  from  arterial  hypertension  alone,  three  from 
hypertension  and  arteriosclerosis,  and  eight  from  arteriosclerosis  alone. 
Two  were  quite  obese.  It  is  obvious  that  the  number  of  patients  in  each 
group  is,  as  yet,  far  too  small  to  bring  out  clearly  the  limits  of  the  indirect 
method.  Although  the  data  are  not  yet  sufficient  to  permit  describing 
rules  for  estimating  arterial  pressure  by  the  indirect  method  of  Korotkoff, 
they  suggest  that  revision  of  the  present  empiric  criteria  (6)  may  be 
necessary  when  .sufficient  data  ha\  e  been  obtained.  Certain  tendencies  are 
of  interest . 

After  the  pulse  wave  in  the  record  of  arterial  pressure  from  the  radial 
artery  has  been  obliterated  by  inflating  the  pneumatic  cuff  about  the  upper 
arm  to  a  pressure  above  .systolic  level,  pressure  within  the  artery  distal  to 
it  falls  below  the  usual  diastolic  level.  As  the  pressure  in  the  cuff  is  low- 
ered gradually,  the  first  or  .second  (fig.  1  A,  B,  C),  rarely  the  third,  beat 
(fig.  1  D)  to  become  visible  in  the  arterial  record  is  audible;  which  one 
becomes  audible  appears  to  depend  partly  upon  the  speed  of  deflation  and 
partly  upon  the  form  of  the  pul.se  wave.  Of  interest  is  the  fact  that  the 
systolic  level  recorded  by  the  Hamilton  manometer  immediately  after  re- 
lea.se  of  the  cuff  is  often  elevated  by  6  to  12  mm.  Hg.  for  about  10  seconds 
and  consequently  the  level  during  this  period  was  not  used  for  comparison. 

The  beat  which  is  audible  or  \-isible  u.sually  occurs  below  the  systolic  level 
of  pressure  recorded  in  the  radial  artery  by  the  Hamilton  manometer 
(Table  I  and  fig.  2).  There  does  not  appear  to  be  any  greater  difference 
for  high,  than  for  low  pressures.  The  average  sj'stolic  level  obtained  by 
auscultatory  technique  is,  for  the  present  data,  10  mm.  Hg.  below  that  ob- 
tained by  the  intra-arterial  measurements. 

It  .seems  to  be  generally  believed  that  diastolic  pressure  is  more  difficult 
to  record  than  sj'stolic;  but  when  the  diastolic  pressures  taken  by  the  aus- 
cultatory method  are  compared  to  those  measured  directly,  the  differences 
between  the  two  appear  to  be  less  than  those  obtained  in  mea.surements  of 
systolic  pressure  and  of  opposite  sign.  When  the  fifth  phase  (disappear- 
ance of  sound)  is  used,  the  average  difference  between  auscultatorj'  and 
direct  readings  is  negligible  (less  than  1  mm.).  When  the  fourth  is  used, 
the  auscultatory  level  averages  8.8  mm.  higher  than  the  direct.  In  only 
three  instances  was  the  diastolic  pressure  clo.ser  to  the  direct  reading  at 
the  fourth  phase,  than  that  at  the  fifth  (Table  I,  fig.  2).  When  muffling 
and  disappearance  of  sound  take  place  almost  simultaneously,  the  single 
pre.s.sure  has  been  recorded  in  the  column  labelled  "fifth  phase".  The  data 
indicate  that  the  disappearance  of  sound,  except  in  the  case  of  aortic  in- 
sufficiency, is  a  more  accurate  guide  to  diastolic  pressure  than  the  sudden 
muflling  recommended  by  the  English  component  of  the  Committee  for 
Standardization  of  Blood  Pressure  Reatlings  (6)  and  by  Bramwell  (7). 
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Two  observations  with  regard  to  diastolic  pressure  in  aortic  insufficiency 
have  been  made.  In  one,  the  fifth  phase  of  Korotkoff's  sound  is  the  better 
estimate  of  diastohc  level  (Case  40  and  fig.  3)  and  in  the  other,  the  fourth 
(Case  41).  Sound  often  persists,  when  this  valvular  lesion  is  present,  until 
the  cuff  is  completely  deflated  indicating  a  pressure  of  zero,  which  is 
obviously  unlikely. 


rn.X.a  Normal 


WU.X.rf  Normal 


  0 

-ZOO 

-Jioo 

 0 


t  .       .  .  Upper  tPQCinq -Brachiol  cuff  pressure 

•Syslohc  Quscultolory  sigral  .    ^ .Radial  arterial  • 

yjQs  olic  Lower      •      -TimemorXer  6  sec  iniervols 

Fig.  1.  Optical  records  of  arterial  pressures  in  the  right  radial  arteries  of  four 
normal  individuals  during  compression  of  the  brachial  artery  by  a  pneumatic  cuff 
are  shown. 


DIRECT  PRESSUHB8 

AUSCULTATORY  PRESSITRES 

Systolic 

Diastolic 

Systolic 

Diastolic 

A 

125 

80 

112 

84 

B 

116 

68 

126 

68 

C 

115 

62 

113 

60 

D 

122 

90-80 

149 

78 

The  beat  immediately  preceding  the  arrow  pointing  upward  is  the  first  audible  beat. 
Reduced  to  one-quarter  the  original  size. 

The  divergence  of  the  two  methods  in  systolic  pressure  invites  discussion. 
Part  of  the  difference  is  easily  accounted  for  b}'  two  well  recognized  facts. 
First,  systolic  pressure  is  higher  in  the  radial  than  in  the  brachial  artery. 
Woodbury,  Murphey  and  Hamilton  (8)  gave  differences  of  8  and  9  mm.  Hg 
in  a  normal  individual  and  in  a  case  of  coarctation  of  the  aorta  respectively 
for  the  difference  between  the  axillary  and  radial  arteries.    The  difference 
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Difference 
in 
mm.Hg 

Auscullatopy 
minus 
dir>ecl 
reading 


- 

3 

Si 

0  =  Arteriosclerotic  patients 
:        □  =  Obese  patients 

•  **' 

 :  «  

1 

1 

1 

®  • 

1,1           1           1  1 

100       120       140       160       180    "  200"  220 
Direct  systolic  pressure 


240 


260 


280 


"  "Fourth  phase 
■  =  fifth  phase 

i 

1 

1       1       1       1       1       1  1 

Mm.Hg 

Direct  diastolic  pressure 

Fig.  2.  The  data  contained  in  Table  I  are  represented  graphically.  Instances  in 
which  the  auscultatory  measurements  coincide  with  the  direct,  fall  on  the  zero  lines. 
When  a  point  falls  below  or  is  above  the  zero  line,  the  vertical  distance  from  the  line 
represents  the  degree  to  which  the  auscultatory  measurement  either  falls  short  of  or 
exceeds  the  direct  measurement. 


£00 
150 


ioo      i  I.I 


150 


50  L 


200 
150 

100 
50 


t  ; 

Aortic  insufficiency  t=  Systolic 

Complete  A-V  block  i=DiQ&tolic 
Apterio  sclei?o3i  5 

Fig.  3.  Optical  records  of  the  movements  of  two  Hamilton  manometers  are  shown. 
The  lower  tracing  records  arterial  pressure  in  the  right  radial  artery  (left  hand  scale) : 
the  upper  tracing,  pressure  changes  in  the  pneumatic  cuff  around  the  brachial  artery 
while  U  IS  being  inflated  and  deflated  (right  hand  scale).  Direct  pressure  levels 
recorded  are  systolic  150;  diastolic  52  mm.  Ilg;  ausctillfilory  pressure  levels  are 
systolic  14S;  diastolic,  4th  phase,  70,  5th  phase,  50  mm.  Hg. 

should  be  less  between  the  brachial  and  radial  arteries.  In  the  one  instance 
in  which  the  author  has  measured  this  difference  it  amounted  to  5  mm.  Hg. 
Secondly,  unless  the  first  beat  at  systolic  level  is  heard,  an  additional  error 
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in  the  same  direction  will  be  made,  an  error  which  depends  on  the  rate  of 
the  pulse  and  the  speed  with  which  the  mercury  column  is  falling.  In  the 
present  studies,  this  error  probably  varied  from  3  to  6  mm.  Hg.  A  cor- 
rection for  these  two  factors  would  account  for  the  observed  differences  in 
roughly  half  of  the  cases  (those  below  10  mm.  Hg.  difference). 

Concerning  the  larger  differences,  Robinow,  Hamilton,  Woodbury  and 
Volpitto  (9)  and  Bordley  (10)  have  suggested  that  the  form  of  the  pulse 
wave  may  have  a  bearing  upon  the  question.  Tho.se  with  sharp  peaks,  a 
form  which  .suggests  small  changes  in  volume  at  high  pre.ssures,  are  the 
ones  which  tend  to  give  lower  auscultatory  readings  in  relation  to  the  direct 
readings.    Bordley  suggests  that  the  pressure  wave  resulting  from  the 

Mm 
Hg 

ZOOp 
100- 


150- 


upper  ipocing  -  Kespipation 

Middle      "      -Radial  oplepial  pressure 

Lower      ■       -  lime  nxjrker  5  sec  mtervals 

Fig.  4.  Optical  records  of  respiration  and  arterial  pressure  in  the  radial  arteries 
of  two  elderly  individuals  while  lying  quietly  during  a  long  study  are  shown.  The 
portions  selected  are  representative  fractions  of  continuous  tracings  obtained  over 
periods  lasting  for  more  than  twenty  minutes  to  show  changes  in  levels  of  pressure, 
some  of  which  appear  to  be  synchronous  with  respiratory  rhythm  and  some  of  which 
do  not. 

smaller  volume  may  be  more  readily  damped  in  pa.ssage  under  the  cuff. 
The  present  data  fit  in,  for  the  most  part,  (fig.  1  A  and  B  compared  mth  C) 
with  this  view,  but  exceptions  occur.  Two  of  the  .six  instances  in  which 
systolic  pressure  was,  contrar}'  to  the  u.sual  experience,  estimated  to  be  at 
a  higher  level  by  the  auscultatory  than  by  the  direct  method,  were  in  ex- 
tremely adipo.se  individuals.  The  relation  between  size  of  cuff  and  size  of 
arm  in  these  cases  deserves  careful  study  and  involves  diastolic  as  well  as 
systolic  pressures.  Observations  in  several  individuals  during  a  long 
period  of  loss  of  weight  (11)  tend  to  .show  that  larger  cuffs  do,  in  some  obese 
people,  give  lower  readings  for  arterial  pressure  than  the  standard  cuff  jnelds 
and  more  nearly  approximate  the  levels  obtained  y>ith  direct  measurement. 
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The  other  four  observations  in  whicli  the  auscultatory  technique  yielded  a 
higher  pressure  than  the  direct,  occurred  in  individuals  with  arteriosclerosis, 
and  yet  arteriosclerosis  was  also  present  to  a  marked  degree  in  at  least  four 
individuals  in  whom  the  error  was  large  in  the  usual  direction  (fig.  2).  An 
additional  obvious  reason  for  discrepancy  between  the  two  methods  is  the 
continual  variation  of  both  systolic  and  diastolic  pressure  not  only  with 
respiration  (fig.  4)  but  also  independently  of  respiration.  These  latter 
variations  may  correspond  to  the  phasic  changes  in  blood  flow  described 
by  Burch,  et  al.  (12)  or  to  Traube-Hering  waves.  Whatever  the  reason  for 
the  change  in  level,  it  is  clear  that  the  indirect  method  singles  out  one  beat, 
the  first  one  to  force  its  way  through  the  cuff,  while  the  direct  method  re- 
cords a  succession  of  beats.  Measurements  of  the  range  of  variability  of 
arterial  pres.sure  are  being  carried  out  antl  will  probably  help  to  explain  in 
part  the  differences  between  the  methods  but  cannot  do  so  entirelj'  for  the 
reason  that  the  order  of  magnitude  of  the  spontaneous  variations  is  usuall}' 
only  from  5  to  10  mm.  Hg. 

In  the  case  of  diastolic  pressure,  the  systematic  discrepancies  due  to 
difference  in  site  of  measurement  do  not  occur.  Woodbury,  Murphey  and 
Hamilton's  measurements  (8)  as  well  as  my  own  observations  failed  to  show 
significant  differences  in  diastolic  pressure  along  the  course  of  the  brachio- 
radial  artery.  In  addition,  respiratory  and  other  variations  of  diastolic 
pressure  are  less  with  the  result  that  direct  and  indirect  diastolic  measure- 
ments agree  more  closely. 

SUM]VL\RY 

Concerning  the  comparison  of  simultaneous  measurements  of  arterial 
pressure  obtained  hy  direct  intra-arterial  manometry  and  by  indirect 
auscultatory  technique  in  39  individuals,  it  may  be  said  that : 

1.  Systolic  pressure  was  underestimated  in  indirect  measurement  by 
about  10  mm.  Hg.  In  the  present  study,  the  indirect  pressure  in  the 
brachial  was  compared  with  the  direct  pre.s.sure  in  the  radial  artery.  This 
procedure  may  account  for  half  of  this  difTerence. 

2.  In  auscultatory  technique  the  disappearance  of  sound  proved  to  he 
a  more  accurate  measure  of  diastolic  pressure  than  the  sudden  muffling. 
The  former  over-estimated  diastolic  pressure  by  8.8  mm.  Hg.,  the  latter 
by  less  than  one. 

3.  The  indirect  auscultatory  method  of  estimating  arterial  pressure  is, 
considering  its  convenience  and  simplicity,  an  unusually  accurate  bedside 
method. 
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THE  PERIPHERAL  BLOOD  FLOW  IN  TEX  WOMEN 
EXHIBITING  GRAVES'  DISPLVSE 


HAROLD  J.  STEWART,  M.D.,  and  WILLIS  F.  EVANS,  M.D.' 

[From  the  New  York  Hospital  and  the  Department  of  Medicine,  Cornell  University 
Medical  College,  New  York,  New  York\ 

The  cardiac  output  (1),  the  circulating  blood  volume  (2),  the  velocity 
of  blood  flow,  the  pulse  rate  and  pulse  pressure  (3)  ai-e  increased,  and  the 
vital  capacity  (4)  decreased  when  the  basal  metabolism  (5)  is  elevated  in 
thyrotoxicosis.  The  hot  flushed  skin  of  patients  suffering  from  Graves' 
disease  has  been  interpreted  as  due  to  incieased  peiipheial  blood  flow. 

Since  there  are  clinical  evidences  of  increased  peiipheral  blood  flow  in 
Graves'  disease,  objective  measurements  were  consid(>red  desirable.  These 
data  have  now  been  accumulated  and  form  the  subject  of  this  report.  The 
velocity  of  blood  flow,  the  blood  pressure  and  the  pulse  rate  have  also  been 
recorded  in  order  to  have  other  objective  measurements  to  correlate  with 
peripheral  blood  flow.  This  studj^  concerns  10  patients  suffering  from 
typical  Graves'  disease.  Selection  was  made  in  order  to  secure  patients 
as  nearly  alike  as  possible  in  their  manifestations  of  thyrotoxicosis.  All 
subjects  were  women  exhibiting  normal  sinus  mechanism  without  signs 
and  symptoms  of  congestive  heart  failure.  The  surgical  pathologic  diag- 
nosis of  the  removed  gland  in  each  case  was  "diffuse  hyperplastic  goitre." 

METHODS 

Measurements  of  peripheral  blood  flow  were  made  using  a  modification 
of  the  method  of  Hardy  and  Soderstrom  which  has  been  described  else- 
where (6).  In  order  to  use  this  method,  certain  data  were  required, 
namely:  recordings  of  skin  temperature,  of  rectal  temperature,  of  oxygen 
consumption,  of  height  and  of  body  weight.  In  addition,  the  blood  pres- 
sure, the  pulse  rate,  and  the  arm  to  tongue  circulation  time  were  recorded. 
The  arm  to  tongue  circulation  time  was  measvu'ed  bv  the  use  of  Decholin 
(7). 

PLAN  OF  OBSERVATIONS 

The  order  in  which  data  were  recorded  followed  the  plan  outlined  else- 
where (6).  Six  sets  of  skin  and  rectal  temperatures,  at  twenty  minute 
intervals,  appeared  to  be  sufficient,  and  from  the.se  recordings  five  average 
periods  of  peripheral  blood  flow  were  calculated.    The  blood  pi-essures 
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and  pulse  rates  were  recorded  during  free  intervals  between  temperature 
readings.  The  arm  to  tongue  circulation  time  was  measured  after  the  last 
oxygen  consumption  had  been  estimated.  Obser\-ations  subsequent  to 
the  initial  phase  were  made  in  exactly  the  same  sequence  for  each  patient 
under  the  controlled  environmental  temperature  (6).  Throughout  this 
paper  when  the  terms  "Before  Iodine",  "During  Iodine"  and  "After 
Operation"  are  used  they  indicate  that  the  patients  were  first  studied  be- 
fore the  administration  of  iodine,  while  receiving  iodine  therapy,  usually 

T.\BLE  1 


Summary  of  data  relating  to  10  'patients  suffering  from  Graves^  disease 


BEFORE  lODIN'E 

DUBING  IODINE 

AFTEB  OPERJinON 

Highest 

Lowest 

Average 

Highest 

Lowest 

.\verage 

Highest 

Lowest 

.\veragc 

Basal  metabolic 

rate  (per 

cent)  

-1-67 

-1-21 

+44 

4-48 

-1-7 

+25 

-1-19 

-1 

+10 

Peripheral  blood 

flow  (cc.AIV 

min.)  

281 

156 

193 

225 

86 

121 

117 

31 

60 

Average  skin 

temperature 

(°C.)  

35.24 

33.43 

34.41 

34.90 

31.67 

33.73 

34.48 

30.53 

33.23 

Temperature  of 

hands  (°C.)... 

35.50 

34.00 

35.02 

35.20 

32.60 

34.28 

35.30 

32.70 

34.26 

Temperature  of 

feet  (°C.) 

34.60 

31.20 

33.08 

33.80 

25.90 

31.49 

33.30 

26.40 

29.92 

Rectal  tempera- 

ture (°C.)  .... 

37.58 

37.01 

37.31 

37.48 

37.05 

37.22 

37.51 

37.09 

37.25 

Pulse  rate  (per 

min.)  

115 

87 

104 

91 

70 

83 

85 

63 

75 

Pulse  pressure 

(mm.  Hg). . . 

68 

38 

55 

68 

34 

48 

75 

34 

42 

Circulation 

time  (seconds) 

10.6 

7.1 

8.8 

12.9 

8.2 

10.4 

17.4 

10.2 

12.9 

1  to  2  days  before  operation,  and  in  the  latter  part  of  their  postoperative 
convalescence  from  subtotal  thyroidectomy,  respectively. 

RESULTS 

Basal  metahoUc  rate  and  peripheral  blood  flow.  In  the  phase  "Before 
Iodine"  when  the  basal  metabolic  rate  was  high,  the  peripheral  blood  flow 
was  also  elevated.  "During  Iodine"  fall  in  basal  metabolic  rate  and  pe- 
ripheral blood  flow  from  the  initial  levels  occurred.  Finally,  in  the  phase 
".\fter  Operation"  further  decrease  in  basal  metabolic  rate  and  peripheral 
blood  flow  was  observed  (Table  1)  (fig.  1). 

Skin  temperature.    The  average  skin  temperature  was  high  at  first, 
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decreased  during  the  administration  of  iodine,  and  fell  further  still  after 
subtotal  thyroidectomy.  The  average  temperature'  of  the  liands  and  feet 
showed  similar  trends  for  the  whole  gioup  (Table  1). 


Sec. 

^  15.0 
E  13.0 
^  11.0 
^  9.0 


7.0 


Percent 

.  +50 
S  +30 
+10 
-AO. 


Before  Iodine 


^3001- 


1200-, 


100 


During)  lodme 


lIluiUL 


J  I  I  1- 


After  Optration 


M 


.lii.tg 


20  40  60  80     20  40  60  60 

M  1  M  U  T  E  S 


•M.P. 
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=  P.  L. 
'M.H. 
•C.B. 


5  4/r».  2 
P.  23  " 
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©•K.H    41  '» 
D-N.U.  18  " 
•  "AS.  41  " 
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Fig.  1.  In  Figure  la  are  plotted  the  average  peripheral  blood  flow,  basal  metabolic 
rate  and  circulation  time  "Before  Iodine,''  "During  Iodine"  and  '  .\fter  Operation," 
for  each  subject.  In  this  figure,  as  well  as  in  Figure  2,  each  patient  is  represented 
by  a  sjmbol.    In  Figure  lb  averages  for  the  whole  group  are  also  shown. 

Rectal  temperature.  The  rectal  temperature  showed  no  significant  change 
(Table  1).  The  greatest  range  of  temperature  in  any  one  patient  was  plus 
or  minus  0.2o°C. 

Pulse  rate  and  pulse  pressure.  The  pulse  rates  in  each  of  the  10  patients 
and  in  the  group  averages  showed  decreases  which  ran  parallel  with  changes 
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in  basal  metabolic  rate  and  peripheral  blood  flow.  The  average  pulse 
pressures  showed  similar  changes  (Table  1). 

Circulation  time.  The  circulation  time  was  short  "Before  Iodine". 
Definite  but  not  striking  increases  occurred  "During  Iodine"  and  again 
"After  Operation"  (Table  1)  (fig.  1). 

DISCUSSION 

The  trend  of  peripheral  blood  flow  for  each  patient  followed  a  similar 
pattern  in  the  phases  "Before  Iodine",  "During  Iodine",  and  "After  Opera- 
tion". In  the  initial  phase,  at  a  time  when  the  basal  metabolic  rate  was 
high,  the  peripheral  blood  flow  was  also  increased.  Observations  made 
during  the  administration  of  iodine  showed  a  fall  in  basal  metabolic  rate 
and  a  parallel  decrease  in  peripheral  blood  flow.  In  the  latter  part  of  the 
postoperative  period,  after  subtotal  thyroidectomy,  further  decrease  in 
basal  metabolic  rate  and  peripheral  blood  flow  occurred.  There  was  a 
linear  relationship  between  the  level  of  the  basal  metabolic  rate  and  the 
peripheral  blood  flow  since  with  progressive  fall  in  basal  metabolic  rate 
there  was  fall  in  peripheral  blood  flow  (fig.  2).  There  was  \vide  scattering 
of  peripheral  blood  flow  at  various  levels  for  individual  patients  during  the 
three  phases  (fig.  1).  This  appears  to  be  due  in  part  to  different  basal 
metabolic  rates  and  in  part  to  different  room  temperatures  for  each  patient. 
These  results  are  in  agreement  with  the  observations  of  Hick,  Keeton, 
Glickman,  and  Wall  (8)  and  of  Hard}'  and  Soderstrom  (9)  who  made  a 
more  definite  correlation  between  rise  in  environmental  temperature  and 
in  increase  in  the  peripheral  blood  flow.  Because  of  the  role  played  by 
environmental  temperature,  care  was  exercised  to  keep  it  appro.ximately 
the  same  during  all  observations  on  anv  one  patient  (for  example,  subject 
P.  L.,  fig.  3). 

The  skin  of  the  patients  appeared  hot  and  flushed  in  the  initial  phase, 
even  though  these  subjects  were  under  basal  conditions.  "Before  Iodine" 
the  average  skin  temperature  and  peripheral  blood  flow  were  elevated  at  a 
time  when  the  basal  metabolic  rate  was  high,  and  with  fall  in  basal  meta- 
bolic rate  "During  Iodine",  and  again  "After  Operation"  there  was  a  pro- 
gressive and  parallel  decrease  in  average  skin  temperature  and  peripheral 
blood  flow. 

Analysis  of  these  data  revealed  no  direct  correlation  between  the  average 
skin  temperature  and  the  temperature  of  the  hands  and  feet  (Table  1). 
The  hands,  however,  followed  more  closeh'  the  average  skin  temperature. 
Between  the  first  and  second  phase  average  skin  temperature  fell  0.68°C., 
while  the  temperature  of  the  hands  showed  an  average  decrease  of  essen- 
tially the  same  magnitude  (0.74°C.).  Comparison  of  the  phase  "During 
Iodine"  and  "After  Operation"  showed  that  although  the  average  skin 
temperature  fell  0.50°C.,  the  average  temperature  of  the  hands  decreased 
only  0.02°C.  The  temperature  of  the  feet,  for  the  most  part,  underwent 
more  rapid  and  wider  fluctuations  in  temperature. 
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All  unusual  constancy  in  rectal  temperature  was  present  in  all  patients 
iluring  the  observations.  The  average  skin  temperature  for  the  group 
decreased  1.18°C.  from  the  time  of  the  first  observations  until  after  sul)- 
total  thyroidectomy.  The  rectal  temperature,  on  the  other  hand,  only 
fell  0.06°C  This  emphasizes  a  point  mad(>  in  the  preceding  pajKM'  (6), 
namely,  that  skin  temperature  was  the  more  important  in  the  estimation 
of  heat  storage  and  peripheral  blood  flow,  since  it  changes  more  in  short 
periods  of  time. 


0  50  100  150  200  250  500 
Averaigc  Peripheral  Blood  Flow  =C.C/SQ.n/Min. 

e=MP.  0=P.L.  ®=LP  ®=KH  •=A.5. 
□=CDiP.B=M.H.  KI=H.M.  KI=Ii.L  n=A.P 

Fig.  2.  In  this  figure  the  data  for  peripheral  blood  flow  are  plotted  against  cor- 
responding basal  metabolic  rates.  A  linear  relationship  is  established,  since  with 
fall  in  basal  metabolic  rate  the  peiipheral  blood  flow  also  decreased. 


The  cardiac  output  was  measured  in  one  patient,  A.  S.,  in  order  to  cor- 
relate it  with  periph(M-al  blood  flow.  Because  each  of  the  pi-ocedures  re- 
quires most  of  a  moi'ning,  the  cardiac  output  was  measured  under  basal 
conditions  on  the  day  following  studies  of  peripheral  blood  flow.  It  was 
estimated  by  the  acetylene  method  (10,  11).  In  the  phase  "Before  Iodine", 
when  the  basal  metabolic  rate  was  plus  60  per  cent  and  the  peripheral  Ijlood 
flow  212  cc./sq.m./min.,  the  cardiac  output  measured  3.48  liters/sci.m./- 
min.  "During  Iodine",  after  the  ba.sal  metabolic  rate  and  peripheral 
blood  flow  had  fallen  to  plus  18  per  cent  and  125  cc./.sq.m./min.  respec- 
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lively,  the  cardiac  output  decreased  to  2.53  liters/sq.m./min.  "After 
Operation",  when  further  decrease  to  a  basal  metabolic  rate  of  plus  6  per 
cent  and  peripheral  blood  flow  of  69  cc./sq.m./min.  had  occurred,  the 
cardiac  output  was  2.02  liters/sq.m./min.,  values  which  were  now  all 
within  the  normal  range  (fig.  4).    There  is  marked  increase  in  oxygen  re- 


Before  Iodine 

Dartnfi  iodine 

After  Opcralion 

Pulse 
SB.P. 

lO01in.  13^64 

62/Min.  124/64 

61/tlm.  116/78 

20  40  60  80      20  40  60  80      2  0  40  60  80 
PL.  ZSyrs.?       •  MINUTES 

Fig.  3.  In  this  figure  are  plotted  data  relating  to  subject  P.  L. 

quirements  in  hyperthyroidism.  The  organism  attempts  to  provide  this 
by  increasing  the  volume  output  of  blood  (1).  Another  compensatory 
measure  may  be  the  increase  in  circulating  blood  volume  (2).  The  par- 
tition of  the  cardiac  output  to  the  various  parts  of  the  body  in  man  is  not 
known.    Levy  and  Blalock  (12)  have  made  some  approximations  in  dogs. 
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In  the  patient,  A.S.,  in  whom  the  cardiac  output  was  measured,  the  amount 
allotted  to  the  periphery  was  calculated  by  dividing  the  peripheral  blood 
flow  in  cc./sq.m./min.  by  the  cardiac  output  in  cc./sq.m./min.  Six  per 
cent  of  the  cardiac  output  was  allottetl  to  the  peripheral  circulation  "Before 
Iodine".  "During  Iodine"  five  per  cent  of  the  cardiac  output  was  allo- 
cated to  the  peripheral  vascular  partition.  "After  Operation",  three  per 
cent  only  of  the  cardiac  output  was  ilistributed  to  the  peripheral  circula- 
tion. Although  the  quota  of  the  caidiac  output  allotted  to  the  periphery 
during  the  thyrotoxic  phase  was  double  that  pro\'ided  in  the  last  phase,  the 


A.  5. 


4lyr5  $ 


Fig.  4.  In  this  figure  are  plotted  the  average  basal  metabolic  rate,  the  average 
peripheral  blood  flow  and  the  cardiac  output  in  subject  A.  S.  "Before  Iodine," 
"During  Iodine"  and  "After  Operation." 


total  volume  output  from  the  heart  appeared  ample  to  provide  for  this  in- 
creased amount  of  blood  supplied  to  the  periphery. 

The  circulation  time  was  estimated  in  order  to  have  an  additional  oI> 
jcctive  measurement  to  correlate  with  jjcripheral  blood  flow.  These  re- 
sults demonstrate  that  in  the  hyperthyroid  state  when  the  basal  metabolic 
rate  and  peripheral  blood  flow  were  elevated,  the  circulation  time  was  short, 
that  is  to  say,  the  velocity  of  blood  flow  was  increa.sed;  with  decrease  in  the 
former  "During  Iodine"  and  again  "After  Operation"  there  was  progre.s- 
sive  increa.se  in  circulation  time  (fig.  1)  (Table  1). 
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Boothby  and  Rynerson  (1)  have  observed  that  in  hyiJerthyroidism  there 
is  greater  increase  in  cardiac  output  than  occurs  in  a  normal  subject  as  a 
result  of  a  corresponding  increase  in  oxygen  consumption  due  to  work. 
They  have  suggested  the  presence  of  a  special  circulatory  stimulant  to 
account  for  this  phenomenon.  Although  the  blood  volume  is  increased, 
and  the  amount  of  blood  allotted  to  the  periphery  increased,  the  heart 
increases  its  output  so  that  the  increased  volume  of  circulating  blood  is 
kept  in  motion  at  a  greater  velocity  of  flow.  These  changes  seen  in  the 
hyperthyroid  state  demonstrate  and  emphasize  the  strain  under  which  the 
organism  labors  in  hyperthyroidism.  During  iodine  therapy,  ^vith  fall 
in  basal  metabolic  rate,  there  was  decrease  in  peripheral  blood  flow  and 
cardiac  output,  and  increase  in  circulation  time.  Following  subtotal  thy- 
roidectomy, however,  the  further  decrease  in  the  peripheral  blood  flow  and 
cardiac  output,  and  the  further  increase  in  the  circulation  time,  demon- 
strate that  operation  accomplishes  something  in  the  economy  of  the  cardio- 
vascular sj'stem  which  was  not  achieved  by  iodine  therapy  alone. 

SUMMARY 

Using  techniques  described  in  an  earlier  paper  (6),  measurements  have 
been  made  of  peripheral  blood  flow  in  10  patients  suffering  from  Graves' 
disease,  "Before  Iodine"  was  given,  "Dui-ing  Iodine"  therap}^  and  "After 
Operation",  respectively.  In  addition,  certain  other  measurements  of  the 
circulation  were  recorded.    The  results  are  sunomarized  as  follows: 

1.  In  the  thjTOtoxic  phase  when  the  basal  metabolic  rate  was  elevated, 
the  peripheral  blood  flow  in  cc./]M-/min.  was  increased.  Parallel  decrease 
in  basal  metabolic  rate  and  peripheral  blood  flow  occurred  during  the  ad- 
ministration of  iodine  and  again  after  subtotal  thyroidectomy.  A  linear 
relationship  was  apparent. 

2.  The  circulation  time  "Before  Iodine"  was  short.  "During  Iodine" 
and  "After  Operation"  successive  increases  in  circulation  time  took  place. 
The  changes  were  of  an  opposite  order  to  those  encountered  in  basal 
metabolic  rate  and  peripheral  blood  flow. 

3.  Average  skin  temperature,  pulse  rate  and  pulse  pressure  followed 
roughly  the  fall  in  basal  metabolic  rate  and  peripheral  blood  flow. 

4.  Xo  direct  relationship  was  observed  between  a\  erage  skin  temperature 
and  the  temperature  of  the  hands  and  feet.  This  was  particularly  true 
with  respect  to  the  feet. 

5.  Xo  significant  changes  in  rectal  temperature  were  observed. 

6.  The  cardiac  output,  in  the  one  patient  in  whom  it  was  measured, 
showed  changes  parallel  to  those  in  basal  metabolic  rate  and  in  peripheral 
blood  flow  during  the  three  phases. 

7.  From  the  therapeutic  standpoint,  it  appears  that  operation  attains 
something  in  the  economy"  of  the  cardiovascular  system  not  achieved  by 
the  use  of  iodine. 
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MASSETER  AND  TEIMPORAL  :MUSCLE  TENDERNESS  IN 
SYPHILITIC  TRIGEMINAL  NEURITIS* 


ISR.\EL  STRAUSS,  M.D. 
[Xew  York] 

!Muscle  tenderness  has  been  frequently  obser%-ed  in  peripheral  neuritis, 
yet  very  little  attention  has  been  paid  to  its  occurrence  in  neuritis  affecting 
the  cranial  ner\-es.  The  muscles  innervated  by  the  fifth  and  seventh 
cranial  nerves  are  accessible  to  palpation.  Peripheral  paralysis  of  the 
seventh  facial  nerve  (Bell's  Palsy),  in  my  experience,  is  almost  never  asso- 
ciated with  tenderness  in  the  facial  musculature.  However,  the  masseter 
and  temporal  muscles  which  are  innervated  by  the  trigemiaal  nerve  are 
occasionall}'  both  painful  and  tender  in  cases  where  there  is  a  neuiitis  due 
to  syphilis.  This  condition  is  by  no  means  a  common  one.  The  following 
cases  are  examples  in  which  neuritis  of  the  motor  branches  of  the  trigeminal 
nerve  was  present,  and  tenderness  in  the  muscles  was  a  constant  and 
diagnostically  significant  finding. 

CASE  REPORTS 

Case  1.  History  (Adm.  372300.)  A  married  man,  age  24,  was  admitted  to  The 
Mount  Sinai  Hospital  on  October  18,  1934  ^\-ith  the  chief  complaint  of  pain  in  the  left 
cheek. 

The  patient  had  always  been  in  good  health  until  February  1934,  eight  months 
before  admission  to  the  hospital,  when  there  developed  numbness  and  tingling  in  the 
left  cheek  following  a  prolonged  exposure  of  the  left  side  of  his  face  to  cold  air. 
Shortlj'  thereafter  it  was  noted  that  both  eyes  teared  easily,  causing  his  vision  to 
become  blurred.  In  June  1934,  the  "numbness"  in  the  left  cheek  recurred  and  spread 
to  the  entire  left  face.  At  this  time  he  found  he  was  unable  to  chew  on  the  left  side, 
and  noted  an  impairment  of  hearing  and  occasional  pain  in  the  left  ear.  One  month 
before  admission  he  began  to  complain  of  severe  shooting  pain  in  the  left  side  of  the 
face.    These  pains  persisted  intermittently  up  to  his  admission. 

Examination.  The  patient  was  a  well  nourished  and  well  developed  male,  ap- 
parently in  great  pain.  He  kept  his  left  cheek  covered  with  the  hands.  There  was 
no  evidence  of  disease  of  the  internal  organs.  The  left  masseter  and  temporal 
muscles  were  weak  and  showed  definite  atrophy. 

On  opening  the  mouth,  the  jaw  deviated  to  the  left.  The  bite  was  poor  on  the  left. 
The  muscular  contractions  palpated  over  the  left  masseter  and  temporal  muscles 
were  much  weaker  than  those  felt  on  the  right.  These  muscles  were  exquisitely 
tender  to  deep  and  light  pressures.  There  was  absent  sensation  for  all  superficial 
modalities  in  the  distribution  of  the  lower  two  divisions  of  the  left  trigeminal  nerve. 

*  These  cases  were  admitted  to  the  Neurologic  Service  of  The  Mount  Sinai  Hos- 
pital when  the  author  was  attending  neurologist. 
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The  mucous  membranes  were  also  involved.  On  mimetic  innervation,  the  left  naso- 
labial fold  was  noted  as  deeper  than  the  right.  There  was  a  slight  impairment  of 
hearing  on  the  left  side,  with  bone  conduction  greater  than  air  conduction.  The 
caloric  tests  were  normal. 

Laboratory  Data.  A  lumbar  puncture  showed  an  initial  pressure  of  110  mm.  of 
water;  the  fluid  was  clear,  contained  two  lymphocytes  and  a  total  protein  of  32  mg. 
per  cent.  The  globulin,  colloidal  gold  and  Wassermann  tests  were  negative.  The 
blood  Wassermann  and  Kahn  reactions,  however,  were  four  plus.  The  cerebro- 
spinal fluid  hydrodynamics  were  normal. 

Course.  The  patient  was  placed  on  antiluetic  therapy,  and  after  the  first  course 
of  treatment  he  was  discharged  to  his  family  physician  for  further  care.  When  the 
patient  was  observed  in  the  follow-up  clinic  three  months  later,  there  was  great  im- 
provement. The  masseter  and  temporal  muscle  tenderness  had  disappeared  and  the 
atrophy  had  greatly  diminished.  On  opening  the  mouth,  the  jaw  deviated  only 
slightly  to  the  left.  Except  for  a  slight  zone  of  hypalgesia  in  the  perioral  region  on 
the  left,  sensation  had  returned  to  normal.  The  corneal  reflexes  were  present  and 
equal. 

Case  2.  History  (Adm.  377528.)  A  widow,  aged  54  years,  was  admitted  to  The 
Mount  Sinai  Hospital  on  November  17,  1934  with  the  chief  complaints  of  burning  and 
a  bitter  taste  in  the  left  side  of  the  mouth. 

Except  for  the  fact  that  she  was  considered  to  be  a  "neurotic"  individual  she  was 
apparently  in  good  health  until  seven  months  before  admission  when  she  began  to 
complain  of  a  burning  and  bitter  sensation  in  the  left  upper  part  of  the  mouth.  This 
was  persistent.  During  September  1934  a  tooth  in  that  region  was  extracted,  but 
without  relief.  In  addition  to  the  above  symptoms  she  suffered  with  severe  pain  in 
the  left  side  of  the  face  which  had  persisted  for  two  weeks.  Chewing  and  biting 
aggravated  this  pain.  A  blood  Wassermann  test  at  this  time  gave  a  four  plus  re- 
action. Since  the  onset  of  her  illness  she  had  become  progressively  weak  and  had 
lost  ten  pounds  in  weight. 

Examination.  The  patient  was  a  chronically  ill  female  who  was  in  acute  pain, 
nursing  the  left  cheek  with  her  hands.  Except  for  a  few  chronic  arthritic  changes  in 
the  finger  joints,  the  systemic  examination  was  negative.  Mentally,  she  was  de- 
pressed and  extremely  hypochondriacal.  The  only  positive  findings  in  the  neuro- 
logical examination  were  those  of  the  left  fifth  cranial  nerve.  There  was  a  definite 
tenderness  of  the  left  masseter  and  temporalis  muscles,  even  to  light  pressure.  Pain, 
touch  and  temperature  were  diminished  in  the  distribution  of  the  lower  two  divisions 
of  the  left  trigeminus;  the  mucous  membranes  were  involved.  There  was  no  devia- 
tion of  the  jaw,  nor  was  there  visible  atrophy  or  marked  weakness  of  the  masseter 
and  temporalis  muscles.  The  pupils  were  equal,  regular  and  reacted  well  to  light  and 
in  accommodation. 

Laboratory  Data.  The  blood  Wassermann  and  Kahn  reactions  were  four  plus. 
The  cerebrospinal  fluid  Wassermann  reaction  and  colloidal  gold  curve  were  negative. 
The  cerebrospinal  fluid  was  clear  and  colorless;  contained  12  lymphocytes  and  total 
protein  of  47  mg.  per  cent.  The  globulin  was  not  increased.  The  initial  pressure 
was  170  mm.  of  water;  and  there  was  no  block  to  jugular  compression. 

Course.  The  patieht  was  placed  on  antiluetic  therapy.  After  she  had  received 
six  injections  of  bismuth  and  six  injections  of  neoarsphenamine  the  symptoms 
lessened. 

Case  3.  History  (Adm.  379719).  A  33  year  old  Porto  Rican  presented  himself  at 
the  hospital  in  December  1934  with  the  chief  complaint  of  pain  in  the  eye  and  jaw 
on  the  right  side  for  two  and  a  half  months. 

In  1921  he  contracted  a  haxd  penile  chancre.    Although  he  did  not  receive  anti- 
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luetic  treatment  at  anj-  time,  it  was  claimed  that  several  blood  Wassermann  tests 
were  reported  to  be  negative.  The  following  j-ear  there  developed  pain  in  the 
epigastrium  after  meals.  An  x-ra\-  examination  of  the  gastrointestinal  tract  in 
1939  revealed  a  peptic  ulcer.    On  a  Sippy  diet  the  abdominal  symptoms  disappeared. 

The  illness  for  which  he  was  admitted  began  ten  weeks  before  admission  to  the 
hospital  with  an  itching  sensation  accompanied  by  pain  in  the  region  of  the  right  eye. 
The  following  week  he  noted  that  the  affected  eye  began  to  close,  and  severe  head- 
aches in  the  right  temporal  region  appeared.  His  jaw  began  to  ache  whenever  he 
would  chew  or  open  his  mouth  wide.  A  very  tender  area  appeared  over  the  right 
cheek  which  was  very  painful  to  touch.  All  symptoms  progressed.  The  headaches 
became  generalized  and  radiated  to  the  occiput.  The  pain  was  aggravated  on  head 
movement.  During  the  two  months  before  admission  he  had  suffered  with  inter- 
mittent pain  and  buzzing  in  the  right  ear.    He  vomited  sporadically. 

Examination.  The  patient  was  a  well  nourished,  well  developed  male,  hnng  in 
bed,  apparently  experiencing  acute  pain,  in  the  region  of  the  right  eye;  the  con- 
junctiva of  the  right  eye  were  congested,  and  the  lids  edematous:  the  right  ear  drum 
was  hyperemic:  there  was  tenderness  to  moderate  pressure  over  the  right  mastoid 
region. 

The  neurological  examination  showed:  deep  reflexes  which  were  depressed:  the 
left  ankle  jerk  was  absent:  there  were  bilateral  equivocal  Babinski  signs  and  absent 
abdominal  reflexes.  There  was  impairment  of  sensation  for  all  superficial  modalities 
in  the  entire  distribution  of  the  right  trigeminal  nerve:  the  mucous  membranes  and 
to  a  lesser  degree  the  adjacent  second  cervical  dermatome  were  also  involved.  Taste 
was  slightly  impaired  on  the  right  side  of  the  tongue.  On  opening  the  mouth  the 
jaw  deviated  to  the  right.  There  was  weakness  but  no  visible  atrophy  of  the  right 
masseter  and  temporalis  muscles.  These  muscles  were  exquisitely  tender  to  deep 
and  light  pressures.  The  right  pupil  reacted  sluggishly  to  light.  There  was  a  slight 
ptosis  of  the  right  upper  eyelid  and  a  questionable,  significant  external  rectus  weak- 
ness on  the  same  side.  Photophobia  was  very  prominent  in  the  affected  eye.  There 
was  a  slight  hearing  impairment  of  the  mixed  type  on  the  right. 

Laboratory  Data.  The  blood  Wassermann  and  Kahn  reactions  were  four  plus. 
A  lumbar  puncture  showed  clear  cerebrospinal  fluid  under  an  initial  pressure  of  160 
mm.  of  water,  with  boo  lymphocj'tes  per  cu.  mm.  There  was  no  block  to  jugular  com- 
pression. The  globulin  was  positive.  The  Wassermann  reaction  was  four  plus. 
The  colloidal  gold  curve  was  55554420000.  An  x-ray  examination  of  the  sinuses  and 
of  the  petrous  ridge  was  negative. 

Course.  The  patient  was  placed  on  antiluetic  therapy  with  bismuth  and  made  a 
progressive  improvement.  When  he  was  discharged  from  the  hospital  forty-six  days 
after  admission,  the  tenderness  of  the  masseter  and  temporal  muscles  had  disap- 
peared, the  sensor\'  changes  had  become  less  marked,  and  examination  of  the  cerebro- 
spinal fluid  showed  onlj-  four  cells. 

Case  4-  History  (Adm.  421123).  A  48  year  old  housewife  entered  the  hospital  on 
March  8,  1938  with  the  chief  complaints  of  pain  in  the  left  face  and  drooping  of  the 
left  eyelid.  In  September  1937  she  noted  transient  blurred  vision  in  the  left  eye  and 
sharp  shooting  pains  behind  the  left  eyeball.  In  November  1937  the  shooting  pains 
recurred  and  spread  to  involve  the  supraorbital,  malar,  aural  and  entire  facial  region 
on  the  left  side.  Three  weeks  before  admission  the  left  superior  eyeUd  began  to 
droop  and  two  weeks  later  the  left  masseter  became  tender  to  touch. 

Examination.  There  was  no  evidence  of  disease  of  the  thoracic  or  abdominal 
viscera.  Xeurologically  the  findings  were  limited  chiefly  to  the  left  third,  fourth 
and  fifth  cranial  nerves.  There  was  a  left  internal  and  complete  external  ophthalmo- 
plegia. The  right  pupil  was  slightly  irregular  and  reacted  sluggishly  to  light.  On 
opening  the  mouth  the  jaw  deviated  to  the  left;  the  bite  was  weak  on  the  left.  The 
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left  tempoiiilis  and  masscter  muscles  were  markedly  tender  to  pressure.  There  was 
percussion  tenderness  over  the  left  temple  and  malar  regions.  There  was  complete 
loss  of  sensation  for  pain,  temperature  and  touch  involving  the  skin  and  mucous  mem- 
branes in  the  distribution  of  the  left  trigeminus.    The  left  corneal  reflex  was  absent. 

Laboratory  Data.  The  pertinent  laboratory  findings  were  the  four  plus  blood 
Wassermann  and  Kahn  reactions.  The  cerebrospinal  fluid  was  clear  and  colorless 
and  uniler  an  initial  i)ressure  of  320  mm.  of  water:  it  contained  9  monocytes  and  a 
total  protein  of  7S  mg.  i)er  cent.  The  cerebrospinal  fluid  Wassermann  reaction  was 
four  plus  and  the  colloidal  gold  curve  was  01111222222. 

Course.  The  patient  was  placed  on  antiluetic  therapy  and  showed  an  improve- 
ment in  signs  and  symptoms.  At  the  end  of  three  weeks  of  treatment  the  Wasser- 
mann reaction  of  the  cerebrospinal  fluid  became  negative  while  that  of  the  blood 
remained  positive. 

COMMENT 

The  constant  symptom  in  these  patients  with  trigeminal  neuritis  was 
tenderness  of  the  masseter  and  temporal  muscles.  It  was  of  the  type 
elicited  in  muscles  affected  by  peripheral  neuritis.  The  pathophysiologic 
explanation  for  the  tenderness  of  muscles  in  trigeminal  neuritis  is  probably 
the  same  as  that  for  peripheral  neuritis.  Another  significant  fact  was  that 
in  all  these  cases  syphilis  was  the  etiologic  agent.  This  was  proven  not 
only  by  the  serologic  studies  but  by  the  re-sults  of  the  antiluetic  therapy. 
Whether  the  pathologic  change  in  the  trigeminus  was  an  interstitial  neu- 
ritis or  a  perineuritis  is  immaterial.  Either  or  both  conditions  may  exist 
in  patients  with  luetic  ba.silar  meningitis. 

The  tenderness  of  the  masseter  and  temporal  muscles  may  pre.sumably 
occur  in  any  inflammation  of  the  trigeminus  but  non-syphilitic  inflamma- 
tions localized  to  the  fifth  cranial  nerve  are  rare,  hence  these  signs  are  not 
frequently  noted.  In  herpes  zoster  of  the  trigeminus  the  motor  division  is 
rarely  affected.  Occasionally  masseter  pain  has  been  observed  in  in- 
filtrating tumor  of  the  fifth  cranial  nerve  but  this  is  rarely  severe. 

SUMMARY 

Four  cases  are  described  in  which  exquisite  tenderness  of  the  masseter 
and  temporal  muscles  was  found  in  patients  suffering  with  luetic  tri- 
geminal neuritis.  The  muscle  tenderness  and  other  signs  of  involvement 
of  the  fifth  nerve  disappeared  with  antiluetic  therapy.  The  presence  of 
such  musch^  tenderness  is  strongly  in  favor  of  the  diagnosis  of  syphilitic 
inflammation  of  the  trigeminal  nerve. 

I  could  find  no  mention  of  this  symptom  in  the  medical  literature  avail- 
able to  me. 
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III.  Cases  "v\^TH  Normal  Electrocardiogram 

MARCY  L.  SUSSMAX,  M.D.,  and  SIMOX  DACK,  M.D. 

[From  the  Departments  of  Radiology  and  Electrocardiography,  The  Mount  Sinai 

Hospital,  Xew  York  City] 

In  200  cases  of  recent  and  old  myocardial  infarction  due  to  coronary 
occlusion,  roentgenkymographic  examination  revealed  distinct  abnormal- 
ities in  left  ventricular  pulsation  in  75  per  cent  (1,2).  The.se  abnormalities 
consisted  of  1)  complete  or  partial  .sj'stolic  expansion  (pai'adoxical  pulsa- 
tion) and  2)  localized  diminution  or  absence  of  pulsation.  It  was  also 
pointed  out  that  abnormal  ^•entricular  pulsations  were  observed  in  a 
number  of  cases  in  which  the  electrocardiogram  returned  to  normal  or 
nearly  normal.  The  diagnostic  importance  of  the  roentgenkymogram  in 
these  cases  was  emphasized.  A  more  detailed  analysis  of  the  clinical, 
electrocardiographic  and  roentgenkymographic  features  of  18  such  ca.ses  is 
presented  in  this  report,  forming  9  per  cent  of  the  entire  series  of  200  ca.ses. 

In  table  I,  36  cases  (18  per  cent  of  the  entire  series)  in  which  the  electro- 
cardiogram returned  to  normal  or  near  normal  are  grouped  according  to 
their  roentgenkymographic  findings.  These  findings  were  considered  to 
suggest  the  presence  of  myocardial  infarction  when  there  was  systohc 
expansion  or  marked  diminution  in  pulsation.  AMien  the  diminution  in 
pulsation  was  slight  to  moderate,  the  findings  were  considered  inconclusive. 
Nine  ca.ses  are  included  in  which  the  electrocardiogram  returned  to  normal 
except  for  a  persistence  of  small  Q  waves;  these  electrocardiograms  were 
classified  as  slightly  abnormal.  It  is  seen  in  this  table  that  an  abnormal 
roentgenkymogram  was  obtained  in  22  of  the  36  cases,  i.e.,  61  ±  8  per  cent. 
In  the  remaining  164  cases  of  coronary  occlusion  in  which  the  electrocardio- 
graphic alterations  persisted  throughout  the  clinical  course,  abnormal 
pulsations  suggestive  of  myocardial  infarction  were  found  in  77  ±  3  per 
cent.  The  slight  difference  can  be  accounted  for  by  the  fact  that  the  cases 
in  which  the  electrocardiogram  returned  to  normal  were  apt  to  be  less 
severe. 

A  detailed  analysis  of  the  clinical,  electrocardiographic  and  roentgen- 
kj'^mographic  findings  in  the  18  cases  in  which  the  electrocardiogram  re- 
turned entirely  to  normal  with  persistent  abnormal  pulsations,  is  presented 
in  table  II.  In  table  III  these  data  are  summarized.  As  a  rule,  the  acute 
attack  was  mild  or  only  moderately  severe.  There  was  no  heart  failure 
nor  cardiac  enlargement  during  and  after  the  attack,  angina  pectoris  was 
absent  or  mild  and  functional  recovery  was  good.    Hence  in  the  majority 
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of  these  18  cases  (9  per  cent  of  the  entire  series  of  200  cases)  the  abnormal 
roentgenkymographic  findings  wore  the  only  objective  signs  of  previous 
coronary  occlusion  with  infarction  or  indeed  of  any  organic  heart  disease. 
This  emphasizes  the  diagnostic  value  of  roentgenkymography  in  patients 
with  symptoms  pointing  to  coronary  artery  disease  or  occlusion  when  the 
electrocardiogram  is  completely  normal. 

Analysis  of  the  electrocardiogr^s  taken  during  the  acute  attack  re- 
vealed that  the  pattern  of  anterior  infarction  was  present  in  8  cases, 
posterior  infarction  in  3,  both  anterior  and  posterior  infarction  in  3  and 
unclassified  in  3.  In  one  case  the  electrocardiogram  remained  normal 
throughout  the  course  of  the  disease  including  the  acute  stage.  The 
electrocardiographic  pattern  became  normal  within  one  month  or  less  in 
3  cases,  six  months  or  less  in  5,  one  to  two  years  in  8  and  three  years  in  1 


TABLE  I 

The  roentgenkymogram  in  36  cases  of  previous  coronary  occlusion  with  normal  or  slightly 

abnormal  electrocardiogram 


Group  1.  Electrocardiogram  normal  during  entire 
course  

Group  2.  Electrocardiogram  abnormal  in  acute  stage, 
becoming  normal  within  6  weeks  

Group  3.  Electrocardiogram  remaining  abnormal  beyond 
6  weeks: 

A.  Finally  becoming  normal  

B.  Remaining  slightly  abnormal   


NO.  OF 
CASES 


ROENTGEN- 
KYMOGRAM 


21 

9 


Ab- 
normal 


Normal 


14 
4 


Total   36 


INCON- 
CLUSIVE 


22  12 


case.  Electrocardiographic  abnormalities  generally  consisted  of  RS-T 
deviations  and  T  wave  inversions  which  progre.s.sed  to  normal  in  serial 
records.  In  5  cases  deep  Q  waves  in  leads  1,  3  or  4  disappeared  following 
recovery:  as  a  rule,  this  abnormality  is  permanent. 

The  roentgenkymogram  revealed  partial  or  complete  expansion  in  13 
cases  and  marked  localized  diminution  or  complete  absence  of  ventricular 
pulsation  in  5  cases.  As  a  rule  the  abnormalities  remained  imchanged 
despite  the  complete  return  to  normal  of  the  electrocardiogram  but  in  2 
cases  partial  systoUc  expansion  was  replaced  by  a  markedly  diminished 
pulsation  of  normal  wave  form.  In  one  exceptional  case  the  roentgen- 
kymogram became  abnormal  after  the  electrocardiogram  had  returned  to 
normal. 

The  above  analysis  indicates  that  healing  of  myocardial  infarction  may 
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TABLE  III 

Summary  of  clinical  findings  in  eighteen  cases  of  coronary  occlusion  with  normal 
electrocardiograms  and  abnormal  roenlgenkymograms 

Sex  distribution  2.5  males  to  1  female 

Average  age  52  years 

Patient  came  under  observation  during  initial  attack  in  17  cases 

Subsequent  attacks  in  5  cases 

[ Mild  7 

Severity  of  observed  attack  -i  Moderate  10 

I  Severe  1 
[Xone  10 

Heart  failure  during  attack  ^Mild  6 

[Moderate  2 

n    A-        y  *  J  Slight  6 

Cardiac  enlargement  Wt 

(None  12 

Subsequent  course  (1-6  years): 

Function  il  ca  acit  ^'^^  '^^  slight  restriction  13 

unc  lona  capaci  y  \Moderately  restricted  5 

Heart  failure  None 

[Mild  5 

Hypertension  <  Moderate  2 

[None  11 


Fic.  1.  Case  7.    Male,  aged  37.    Acute  coronary  occlusion  May,  1937. 

.\.  Electrocardiogram  during  acute  stage  shows  small  Q2  and  Q3,  deeply  inverted 
T2  and  T3  and  tall,  pointed  Tj,  findings  characteristic  of  recent  infarction  of  the 
posterior  surface  of  the  left  ventricle. 

B.  January  1938.  Tj  and  Tj  have  become  normal.  T3  is  slightly  inverted  and  a 
small  Q3  remains,  but  these  findings  are  not  abnormal. 
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be  accompanied  by  complete  restoration  of  conduction  even  though  myo- 
cardial contraction  remains  impaired.    However,  the  latter  need  not 


Fig.  2.  Case  7.  Roentgenkymogram  taken  January  1938,  reveals  complete 
sj'stolic  expansion  (paradoxical  pulsation)  of  the  lower  f  of  the  left  ventricular  border. 
As  the  aorta  expands  and  the  normal  upper  \  of  the  left  ventricle  contracts  during 
sjstole  the  abnormal  lower  |  shows  a  lateral  movement.  This  is  characteristic  of 
my  ocardial  infarction.  Record  taken  May.  1937  is  not  shown  since  the  findings  were 
identical. 

result  in  functional  impairment  since  the  majority  of  patients  became 
symptom-free  with  no  limitation  of  their  capacity  for  activity. 

CONCLUSIONS 

A  detailed  anah'sis  is  presented  of  18  cases  of  coronary  occlusion  in  which 
the  electrocardiogram  returned  to  normal  but  abnormal  ventricular  con- 
traction, demonstrated  roentgenkymogi'aphically,  persisted.  This  indi- 
cates the  importance  of  the  latter  examination  in  cases  in  which  .sj'mptoms 
of  coronarj'  disease  or  occlusion  are  present  but  other  objective  confirmation 
is  lacking. 
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THE  NEUROLOGICAL  I\L\XIFESTATIOXS  OF 
PERL^RTERITIS  NODOSA 

I.  S.  WECHSLER,  M.D.,  and  M.  B.  BENDER,  M.D. 
[From  the  Wards  of  The  Mount.  Sinai  Hospital,  New  York] 

A  frequent  clinical  feature  of  periarteritis  nodosa  is  the  presence  of 
peripheral  or  central  nervous  system  disturbances.  In  recent  years  more 
instances  of  periarteritis  nodosa  have  been  recognized  and,  therefore,  a 
large  literature  has  accumulated  on  the  subject.  Most  of  the  reports  have 
been  made  by  pathologists  and  internists  but,  though  the  neurological 
complications  have  been  stressed,  little  attention  has  been  paid  to  the 
nature  of  the  signs  and  symptoms.  A  comprehensive  and  excellent  descrip- 
tion of  periarteritis  nodosa  with  its  pi'otean  and  bizarre  manifestations  has 
been  recently  made  by  Rose  Spiegel.  Her  material  was  based  on  fifteen 
case  histories  of  patients  with  verified  periarteritis  nodosa  observed  at  The 
Blount  Sinai  Hospital  from  1919  to  1934.  Eight  of  these  patients  had 
neurological  complications.  Since  then  nine  more  proven  cases  have  been 
studied  in  this  hospital  and,  of  these,  seven  had  symptoms  and  signs  of 
disease  of  the  nervous  system.  The  present  communication  deals  chiefly 
with  the  hospital  records  for  the  last  seven  years. 

CASE  REPORT 

Case  1}  History  (Adm.  414842).  A  52  year  old  housewife  was  admitted  to  the 
service  of  Dr.  B.  S.  Oppenhcimer  on  October  3, 1937  complaining  of  pains  in  the  joints. 
For  one  year  she  had  had  shooting  pains  in  the  feet  and  ankles.  At  the  menstrual 
period  the  feet  became  red,  swollen  and  "burned."  For  the  five  months  preceding 
admission  she  had  been  treated  for  arthritis.  She  also  complained  of  palpitation, 
dependent  edema,  weakness  and  dyspnea  on  exertion.  Five  weeks  before  admission 
she  had  had  diarrhea  and  a  sudden  appearance  of  pruritic  discrete  eruption  of  both 
thighs.    For  one  week  fever,  malaise  and  high  blood  pressure  had  been  noted. 

Examination.  The  patient  was  a  moderately  obese  woman  lying  apathetically  in 
bed.  The  pupils  were  irregular.  The  optic  nerve  heads  were  blurred  and  there  were 
scattered  hemorrhages  throughout  both  fundi.  The  heart  was  enlarged  to  the  left. 
A  systolic  murmur  was  heard  at  the  apex.  The  blood  pressure  was  190  systolic  and 
120  diastolic.  \  few  moist  rales  were  heard  at  the  right  base.  Several  scattered 
hemorrhagic  and  erythematous  macules  with  central  excoriations  were  found  on  the 
thighs  and  arms.    The  reflexes  were  active  and  equal. 

Laboratory  data.  Hemoglobin,  58  per  cent,  red  blood  cells,  3,300,000:  white  blood 
cells,  7,350;  segmented  polymorphonuclear  leucocytes  72  per  cent:  non-segmented 
polymorphonuclear  leucocytes,  14  per  cent;  monocytes,  4  per  cent;  lymphocytes,  10 
per  cent:  polychromatophilia,  anisocytosis  and  poikilocytosis.    The  urine  showed 


'  This  case  was  reported  by  Dr.  Moschcowitz. 
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two  plus  albumin,  a  few  white  blood  cells,  many  red  blood  cells,  cellular  hj-aline  and 
granular  casts;  the  specific  gravitj-  was  1020.  The  value  for  blood  urea  nitrogen  was 
26  mg.  per  cent,  and  on  one  occasion  40  mg.  per  cent.  X-ray  examination  of  the  chest 
showed  enlargement  of  the  heart  to  the  left. 

Course.  The  patient  was  apathetic  but  complained  of  headache.  Three  da\'s 
after  admission  a  lumbar  puncture  revealed  uniformlj-  bloody  cerebrospinal  fluid 
which  did  not  clot,  and  was  .xanthochromic  in  the  supernatant  portions.  The  initial 
pressure  was  190  mm.  of  water.  The  fluid  contained  a  total  protein  of  42  mg.  per  cent . 
Subsequent  repeated  lumbar  punctures  showed  gradual  absorption  of  the  blood.  A 
biopsy  from  the  right  deltoid  muscle  on  October  8,  1937  revealed  necrotizing  arteritis 
and  periarteritis.  Four  daj's  later  the  patient  developed  weakness  of  the  left  hand 
and  forearm.  Neurological  examination  disclosed  signs  of  meningeal  irritation  and  a 
left  radial  nerve  palsy.  There  was  a  wrist  drop,  diminished  radial  periosteal  refle.xes 
and  decreased  sensation  for  all  modalities  in  the  distribution  of  the  radial  nerve  of  the 
left  hand.  On  October  21  the  weakness  and  wrist  drop  in  the  left  hand  receded.  This 
improvement  progressed.  Throughout  her  stay  in  the  hospital  she  had  fever  of  100 
to  100. 5°F.,  but  on  October  30  the  temperature  began  to  rise  and  she  became  progres- 
sively drowsy  and  dehj'drated.  The  urinary  findings  indicated  further  kidnej-  dam- 
age but  there  was  no  clinical  evidence  of  uremia.  Some  of  the  observers  felt  that  the 
progressive  drowsiness  without  the  clinical  evidence  of  uremia  was  of  cerebral  origin. 
On  November  8,  the  lumbar  puncture  showed  clear  cerebrospinal  fluid  under  a  pres- 
sure of  80  mm.  of  water,  which  contained  total  protein  of  35  mg.  per  cent.  She  died 
on  November  9,  1937.    An  autopsy  was  not  obtained. 

Comment.  This  is  a  typical  instance  of  single  nerve  palsy.  Such  palsies  usually 
regress.  The  occurrence  of  gross  subarachnoid  hemorrhage  in  this  case  of  peri- 
arteritis nodosa  is  stressed  because  of  its  rarity. 

Case  2.  History  (Adm.  475904).  A  sixteen  \-ear  old  schoolgirl  was  admitted  on 
February  5,  1940  to  the  service  of  D'-.  B.  S.  Oppenheimer  with  a  history  of  attacks  of 
bronchitis  and  sinusitis  of  two  years'  duration.  Six  weeks  before  admission  she  had 
had  sj'mptoms  of  polyarthritis,  multiple  purpural  lesions  and  abdominal  pain. 

Examination.  Discrete  nodules  were  found  in  the  cervical,  axillary  and  inguinal 
regions,  a  loud  sj'stolic  murmur  at  the  apex,  purpuric  spots  on  the  heels,  soles  and 
elbows,  and  occasional  spots  on  the  hands.  The  blood  pre  ssure  was  120  systolic  and 
88  diastolic.  The  hemoglobin,  92  per  cent;  red  blood  cells,  4,900,000;  white  blood 
cells,  21 ,200,  with  segmented  poh  morphonuclear  leucocj'tes  19  per  cent :  eosinophiles, 
66  per  cent,  basophiles,  1  per  cent,  lymphocytes  13  per  cent,  monocj'tes  1  per  cent. 
The  sedimentation  rate  was  50  minutes.  The  urine  was  negative.  A  biopsy  of  the 
skin  and  muscle  in  the  left  deltoid  region  revealed  no  significant  changes. 

Course.  Repeated  blood  coun+.s  showed  marked  eosinophilia  up  to  75  per  cent. 
The  temperature  remained  normri  .  The  urine  concentration  power  was  impaired. 
The  purpuric  spots  and  joint  manifestations  subsided.  The  sedimentation  rate, 
however,  increased.  Otherwise  the  course  was  stationarj'.  On  Februarj-  29,  1940, 
the  patient  was  discharged  from  the  hospital  and  observed  in  the  follow-up  clinic. 
On  May  31,  1940,  she  was  readmitted  because  of  swelling  and  pains  in  the  feet  and 
ankles,  purpuric  spots,  swelling  of  the  left  ej-elids  and  intermittent  vomiting.  Ex- 
amination revealed  nodules  in  the  right  parietal  scalp,  enlargement  of  the  heart  to 
the  left,  purpuric  lesion  on  the  dorsum  of  the  feet,  the  blood  pressure  was  160  systolic 
and  100  diastolir  in  each  aim.  The  laboratory  data  were  practically  the  same  as  on 
the  first  admifision  She  continued  to  complain  of  abdominal  pain.  The  hyperten- 
sion increa.*.  J.  On  June  9,  1940,  she  complained  of  pain  in  the  left  little  finger  and 
on  the  next  Jay  she  had  weakness  of  the  right  hand.  Neurological  status  at  this  time 
disclosed  a  tremor  of  the  left  hand,  absent  left  biceps  reflex,  weakness  of  the  right 
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third  and  fourth  fingers,  and  diminished  sensation  in  the  distribution  of  the  right 
median  nerve.  She  had  signs  of  a  right  median  nerve  palsy.  The  fundus  vessels 
were  full  and  tortuous,  and  the  nasal  edges  were  blurred.  Examination  of  the  nose 
and  throat  revealed  diseased  sinuses  and  tonsils.  Tonsilleetoniy  was  performed  and 
on  histologic  oxaniiiiation  necroti/iiig  arteritis  and  periarteritis  were  found.  The 
tonsillectomy  was  followed  by  bilateral  spheiioidectomy  and  repeated  irrigations  of 
the  sinuses.  After  the  first  operation  definite  clinical  improvement  occurred.  The 
urine  concentration  power  increased  and  the  white  blood  count  of  35,(M)()  dropped  to 
7,000.  The  eosinophilia  of  60  per  cent  decreased  to  2  per  cent.  The  blood  pressure 
level  diminished  to  150  systolic  and  90  diastolic.  The  patient  gained  weight  and  she 
was  discharged  as  in  a  remission.  She  is  still  under  observation  in  the  follow-up 
clinic.    The  right  median  nerve  palsy  has  practicallj'  disappeared. 

Commenl.  This  is  another  example  of  an  isolated  peripheral  nerve  paralj'sis. 
Here  again  there  was  relatively  quick  recovery  from  the  palsy. 

Case  S.  History  (Adm.  381097).  A  51  year  okl  carpenter  was  admitted  on  June 
17,  1935  to  the  service  of  Dr.  B.  S.  Oi)penheimer  because  of  joint  and  muscle  pains. 
Since  1928  when  his  "blood  pressure  was  200,"  he  had  had  repeated  attacks  of  hemop- 
tysis because  of  bronchial  telangiectasia.  Three  months  before  admission  there 
developed  migratory  muscle  and  joint  pains.  In  addition  he  had  sharp  shooting 
pains  in  the  lower  extremities  which  were  associated  with  "heaviness"  in  the  legs. 

Examination.  The  patient  was  a  chronically  ill  man  with  incipient  cataracts. 
The  heart  was  enlarged  to  the  left  and  the  peripheral  vessels  were  sclerosed.  The 
blood  pressure  was  132  systolic  and  90  diastolic.  There  was  definite  pressure  tender- 
ness of  the  thigh  and  calf  muscles.  The  positive  neurological  signs  were:  absent 
ankle  jerks,  depressed  left  knee  jerk,  absent  abdominal  and  cremasteric  reflexes, 
diminishetl  sensation  for  all  modalities  in  both  feet,  so-called  "stocking"  distribution, 
impaired  position  sense  in  the  toes,  loss  of  vibration  sense  below  the  knees.  There 
was  slight  hypalgesia  in  the  distribution  of  the  left  ulnar  nerve,  which  became  more 
pronounced  later  in  the  course  of  the  disease. 

Laboratory  data.  White  blood  cells,  19,000,  many  of  which  had  toxic  granules; 
polymorphonuclear  neutrophiles  66  i)er  cent,  immature  polj'morphonuclcar  neutro- 
philes  27  per  cent,  and  lymphocytes  27  per  cent.  Urinalysis  gave  negative  results. 
The  cerebrospinal  fluid  was  under  pressure  of  50  mm.  of  water,  contained  a  total 
protein  of  35  mg.  per  cent,  no  cells,  and  gave  a  positive  tr\-ptophane  reaction.  The 
serology  was  negative.  An  .x-ray  examination  of  the  chest  revealed  an  enlarged 
left  heart  and  dilated  aorta.    There  was  no  eosinophilia. 

Course.  This  was  characterized  by  a  low  grade  fever  ranging  between  100  to 
101°F.,  and  generalized  aches.  Because  of  the  asymmetrical  neurological  signs 
periarteritis  nodosa  was  suspected.  Later  in  the  illness  the  patient  became  cachec- 
tic. Atrophy  of  the  interossei  and  calf  muscles  became  prominent  and  edema  of  the 
legs  appeared.    The  patient  became  progressively  worse  and  died  on  July  15,  1935. 

Xecropsy  findings  (limited  to  an  abdominal  incision).  There  was  extensive  peri- 
arteritis nodosa  involving  the  vessels  of  the  abdominal  and  thoracic  viscerae.  Ex- 
amination of  the  sciatic  and  obdurator  nerves  showed  several  blood  vessels  with 
necrosis  of  the  intimal  and  muscle  layers,  cellular  infiltration  and  increased  fibrous 
tissues  of  the  adventitia.  The  rest  of  the  necropsy  disclosed  pulmonary  tuberculosis, 
bronchopneumonia,  rheumatic  mitral  and  aortic  endocarditis,  and  hypertrophy  of 
all  the  cardiac  chambers. 

Comment.  This  patient  had  an  asymmetrical  polyneuropathy.  In  the  lower 
extremities  the  involvement  was  symmetrical  and  most  marked  distally ,  signs  usually 
observed  in  avitaminosis  or  toxic  neuropathy.    In  addition,  however,  there  was  a 
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left  ulnar  palsj'  which  altered  the  sj-mmetry  and  character  of  the  peripheral  nerve 
involvement. 

Case  Jf.  History  (Adm.  475714).  A  28  year  old  housewife  was  admitted  to  the 
Neurological  Service  on  July  2,  1941  because  of  pains  in  the  extremities.  Five  weeks 
before  admission  the  patient  noted  occasional  numb  sensations  and  a  dull  ache  in  the 
sole  of  the  right  foot.  After  a  few  days  she  felt  moderately  severe  pain  in  the  right 
leg  and  back  of  the  thigh.  She  also  had  weakness  in  the  right  leg  and  some  pain  in 
the  left  calf.  Three  weeks  before  admission  the  pain  in  the  right  extremitj'  became 
more  severe  and  the  numbness  spread  to  involve  the  entire  right  foot.  For  three 
days  she  felt  numbness  in  the  left  foot.  She  also  complained  of  fleeting  pains  in  her 
wrists  and  shoulders,  with  the  transient  appearance  of  small  nodules  in  her  finger 
tips,  mainly  of  the  right  hand,  which  were  red  and  itched.  There  had  been  some 
diarrhea  with  abdominal  cramps  for  four  days. 

Examination.  The  patient  was  a  thin,  white  woman,  lying  listlessly  in  bed  and 
appearing  chronically  ill.  The  temperature  was  101  °F.  Except  for  an  occasional 
musical  rale  and  pulsus  trigemini  there  was  no  evidence  of  disease  of  the  abdominal  or 
thoracic  viscerae.  The  blood  pressure  was  120  systolic  and  80  diastolic.  The  fingers 
showed  slightly  tender  and  pearly  nodules.  There  were  several  vesicular  and  hemor- 
rhagic inflammatory  lesions  on  the  hands  and  feet.  The  neurological  status  revealed 
an  abnormal  gait  with  a  tendency  to  drag  the  right  leg,  an  absent  ankle  jerk  on  the 
right,  a  depressed  ankle  jerk  on  the  left,  weakness  of  extension  and  flexion  of  the  right 
foot,  tenderness  of  the  calf  muscles  on  the  right,  and  absent  pain,  touch,  and  tempera- 
ture sensation  on  the  sole  of  the  right  foot.  These  were  signs  of  tibial  and  peroneal 
nerve  involvement. 

Laboratory  data.  Hemoglobin,  82  per  cent :  white  blood  cells  10,000;  polymorpho- 
nuclear leucocytes,  86  per  cent:  Ij'mphocytes,  10  per  cent;  monocytes,  2  per  cent; 
eosinophiles,  2  per  cent.  The  urin?  was  normal.  Lumbar  puncture  showed  clear 
cerebrospinal  fluid  under  a  pressure  of  120  mm.  of  water,  which  contained  a  total 
protein  of  25  mg.  per  cent  and  no  cells. 

Course.  As  the  disease  evolved,  daily  bouts  of  fever  appeared  and  the  spleen 
became  tender.  Subsequent  blood  counts  revealed  anemia,  hemoglobin  52  per  cent 
and  eosinophilia  of  26  per  cent.  There  were  traces  of  albumin  and  occasional  red 
blood  cells  in  the  urine.  Later  urticarial  eruptions  appeared.  All  these  findings 
seemed  to  fit  into  the  diagnosis  of  periarteritis  nodosa.  A  biopsy  of  the  right  calf 
muscle  failed  to  show  a  vascular  lesion.  On  July  23, 1941  the  patient  was  transferred 
to  the  Medical  Service.  At  this  time  she  complained  of  numbness  in  the  distribution 
of  the  left  ulnar  nerve.  Neurological  examination  now  revealed  left  ulnar  nerve 
palsy  in  addition  to  right  tibialis  and  peroneal  nerve  lesions.  On  August  13,  1941, 
herpes  labialis  appeared.  One  week  later  she  complained  of  blurred  vision  and 
diplopia  on  looking  to  the  left;  this  was  probably  due  to  a  left  abducens  paresis  be- 
cause examination  on  the  next  day  (August  21)  revealed  no  ocular  muscle  weakness 
and  there  was  no  diplopia.  On  August  22  she  had  two  convulsions  and  on  the  follow- 
ing day  the  blood  pressure  was  found  to  be  150  systolic  and  116  diastolic.  A  lumbar 
puncture  showed  clear  cerebrospinal  fluid  which  contained  125  red  blood  cells.  On 
August  25  she  had  a  stiff  neck  and  a  bilateral  Kernig  sign  was  present.  She  felt  happy 
but  sleepy.  On  August  28,  a  left  radial  nerve  palsy  with  wrist  drop  appeared.  The 
patient  became  progressively  worse  and  died  on  September  4,  1941. 

Necropsy  findings.  There  was  evidence  of  periarteritis  nodosa  of  the  vessels  of 
most  of  the  organs  examined.  The  sciatic  nerve  was  studied.  The  brain  and  spinal 
cord  were  not  examined. 

Comment.  In  this  case  there  were  multiple  peripheral  nerve  palsies,  periodically 
involving  single  nerve  trunks  without  any  sj'mraetry.  (Right  tibial  and  peroneal, 
left  ulnar  and  radial).    The  abducens  weakness  was  an  example  of  cranial  nerve 
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palsy.  The  convulsive  seizures  ami  stiff  neck  were  manifestations  of  central  nervous 
system  lesions  either  due  to  periarter'tis  nodosa  or  to  secondary  hypertensive  en- 
cephalopathy. 

Case  5.  History  (.\dm.  381830).  .\  34  year  oUl  nurse  was  admitted  to  the  Neuro- 
logical Service  on  .July  5,  1935  with  the  chief  complaint  of  numbness  of  the  feet  of 
eight  months'  duration.  Previously  she  had  been  studied  in  many  hos[)itals  but  no 
ilefinite  diagnosis  was  made.  In  1930  she  had  a  slight  perijjheral  facial  palsy.  In 
January  of  1934  the  patient  developed  a  dry  cough  which  lasted  for  five  months. 
Eight  months  before  admission  she  had  numbness  of'the  toes,  which  spread  to  the 
feet  and  later  was  associated  with  swelling  of  the  ankles.  Three  months  before  ad- 
mission she  had  fever  and  occasional  vomiting.  During  the  two  months  prior  to 
entrance  to  the  hospital  there  was  numbness  on  the  ulnar  aspect  of  the  left  wrist. 
She  had  lost  36  pounds  in  weight. 

Examinalion.  The  patient  was  a  tall,  poorly  nourished  white  woman  who  ap- 
peared to  be  chronically  ill.  There  was  no  evidence  of  disease  of  the  int(>rnal  organs. 
The  neurological  status  disclosed  absent  ankle  jerks  and  knee  jerks,  absent  abdominal 
reflexes,  diminished  sensation  for  pain,  touch,  and  temperature  in  both  feet  and  in 
the  left  ulnar  region,  loss  of  vibration  sense  in  the  feet,  impaired  position  sense  in  the 
toes,  and  unequal  and  irregular  pupils  which  were  fixed  to  light  but  reacted  in  ac- 
commodation.   There  was  an  old  right  Bell's  pais}'. 

Laboratory  data.  Hemoglobin,  68  per  cent :  red  blood  cells,  4,210,000;  white  blood 
cells,  11,700:  non-segmented  polymorphonuclear  leucocytes,  15  per  cent,  segmented, 
71  per  cent :  lymphocytes,  1 1  per  cent ,  monocytes,  3  per  cent  and  negative  urinalysis. 
Limibar  puncture  yielded  clear  cerebrospinal  fluid  under  a  pressure  of  50  mm.  of 
water.  The  cerebrospinal  fluid  contained  a  total  protein  of  35  mg.  per  cent.  The 
blood  and  cerebrospinal  fluid  Wassermann  tests  gave  negative  results. 

Course.  The  course  was  characterized  by  remissions.  The  signs  of  peripheral 
nerve  lesion  diminished  and  increased.  The  temperature  ranged  between  100  and 
101°F.  On  July  21,  1935  she  complained  of  numbness  and  an  "unnatural"  fealing  in 
the  face,  tongue  and  scalp;  the  lips  felt  as  if  they  were  burned  and  swollen.  There 
was  objective  hypalgesia  over  the  face  and  mucous  membranes  of  the  throat.  She 
complained  of  headache  and  fleeting  backache.  She  had  attacks  of  vertigo  and  on 
several  occasions  she  vomited.  She  was  depressed  and  she  c'ied  frequently.  In 
general,  however,  she  felt  improved  and  was  discharged  from  the  hospital.  Subse- 
quently it  was  learned  that  the  patient  died  one  year  later  in  a  Boston  hospital  where 
an  abdominal  operation  and,  sometime  later,  post-mortem  examination  disclosed 
periarteritis  nodosa  of  the  vessels  in  most  parts  of  the  body.  Examination  of  the 
spinal  cord,  sciatic  and  obturator  nerves  disclosed  lesions  of  periarteritis  nodosa. 

Comment.  This  patient  had  an  asymmetrical  polyneuropathy  which  was  strik- 
ingly similar  to  that  described  in  Case  3.  Remissions  in  these  signs  were  noted. 
The  .\rgyll-Robertson  pupils  were  misleading  to  many  observers  before  periarteritis 
nodosa  was  discovered  at  operation.  The  Bell's  palsy  and  facial  paresthesiae  were 
manifestations  of  cranial  nerve  involvement. 

Case  6.  History  (Adm.  367887).  \  21  year  old  Italian  man  was  admitted  to  the 
service  of  Dr.  G.  Baehr  on  June  25,  1934  because  of  sharp,  knife-like  pain  in  the  right 
flank  of  twenty-four  hours'  duration.  Six  months  before  admission  he  had  pain  and 
swelling  of  the  ankles,  anorexia,  nausea  and  malaise.  For  six  weeks  prior  to  ad- 
mission he  had  complained  of  pain  in  the  knees,  elbows  and  left  wrist;  he  also  had 
polyuria  and  polydypsia. 

Examination.  The  patient  was  a  thin,  pallid  youth  complaining  of  pain  in  the 
right  loin.  The  fundi  revealed  blurred  discs  and  several  recent  hemorrhages  and 
exudates.    There  was  a  soft  systolic  murmur  at  the  apex.    The  second  aortic  sound 
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was  markedly  accentuated.  The  blood  pressure  was  190  systolic  and  130  diastolic. 
The  brachial  and  radial  arteries  were  sclerosed.  There  was  moderate  tenderness 
and  rigidity  in  the  right  upper  quadrant  and  upper  half  of  the  right  loin. 

Laboratory  data.  Hemoglobin,  52  per  cent;  red  blood  cells,  3,200,000;  white  blood 
cells,  38,500;  polymorphonuclear  leucocytes,  93  per  cent;  lymphocytes,  5  per  cent; 
monocj'tes,  2  per  cent.  The  urine  showed  albumin,  rare  red  blood  cells  and  granular 
casts.  An  x-ray  examination  of  the  abdomen  showed  obliteration  of  the  right  psoas 
margin. 

Course.  An  intravenous  pyelogram  showed  marked  compression  of  the  right  renal 
pelvis  and  an  emergency  operation  was  performed.  A  large  perinephritic  hematoma 
was  discovered  and  emptied.    The  patient  died  suddenly  several  hours  later. 

Necropsy  findings.  A  generalized  periarteritis  nodosa  was  found.  On  sectioning 
of  the  brain,  there  were  no  naked  eye  alterations.  Microscopically  the  vessels  in  the 
brain  showed  thickening  and  inflammatory  changes  in  the  adventitia  suggestive  of 
periarteritis  nodosa. 

Comment.  This  case  is  described  chiefly  because  periarteritic  lesions  were  found 
in  the  brain.  The  polj'dj-psia  and  polyuria  may  have  been  due  to  arteritic  lesions 
in  the  region  of  the  tuber  cinerium  at  one  time. 

Cfise  7.  History  (Adm.  450970) .  An  eight  year  old  girl  was  admitted  to  the  Pedi- 
atric Service  on  August  8,  1938  because  of  coryza  and  sinus  disease  of  seven  months' 
duration.  In  January  1938  the  child  had  "bronchitis"  which  lasted  three  weeks. 
One  week  later  she  was  given  an  injection  of  serum  for  a  cold  and  following  this  she 
had  a  severe  attack  of  asthma.  Autogenous  vaccine  made  from  her  antrum  also 
produced  a  severe  asthmatic  reaction.  For  one  week  before  admission  she  had  daih" 
fever  of  101  to  103°F. 

Examination.  The  patient  was  a  chronically  ill  child  who  was  orthopneic.  The 
blood  pressure  was  110  systolic  and  84  diastolic.  There  was  tachycardia.  There 
were  no  other  signs  of  disease  of  the  thoracic  or  abdominal  viscerae. 

Laboratory  data.  Hemoglobin,  92  per  cent;  red  blood  cells,  4,100,000;  white  blood 
cells,  17,200;  eosinophiles,  49  per  cent;  polymorphonuclear  leucocytes  ,  30  per  cent; 
basophiles,  2  per  cent;  monocytes,  4  per  cent;  lymphocytes,  15  per  cent. 

Course.  The  child's  hospital  stay  was  prolonged  and  dramatic.  She  showed 
evidence  of  cardiac  disease.  The  diastolic  blood  pressure  was  elevated.  There  were 
numerous  and  scattered  petechiae  and  ecchymoses  over  the  body.  The  temperature 
was  elevated  to  102.4°F.,  and  anemia  set  in,  the  hemoglobin  dropping  to  60  per  cent. 
The  urine  showed  casts  and  red  blood  cells.  Exudates  and  hemorrhages  appeared  in 
the  right  fundus.  On  September  15,  1941  she  complained  of  headache  in  the  left 
parietal  region  and  pain  in  the  left  loin.  One  hour  later  she  became  semi-stuporous 
and  twitching  in  the  left  face  and  upper  extremity  appeared,  which  soon  spread  to 
become  a  generalized  convulsion.  The  blood  pressure  increased  to  new  high  levels 
of  200  systolic  and  120  diastolic  and  290  systolic  and  130  diastolic.  Lumbar  puncture 
showed  clear  and  colorless  cerebrospinal  fluid  under  a  pressure  of  180  mm.  of  water, 
with  no  cells  and  a  total  protein  of  25  mg.  per  cent.  Periarteritis  nodosa  was  sus- 
pected. A  biopsy  of  muscle  and  skin  revealed  nothing  of  significance.  A  neuro- 
logical status  revealed  no  gross  abnormalities.  The  child  continued  to  be  listless. 
Diffuse  vascular  disease,  periarteritis  nodosa,  chronic  glomerulonephritis  and  allergy 
were  considered.  She  was  discharged  and  readmitted  on  three  occasions  for  "sinus- 
itis," asthma,  renal  and  cardiac  disease.  A  string  of  discrete  nodules  were  felt  along 
the  course  of  the  epigastric  vessels.  A  biopsy  of  one  of  the  nodules  showed  a  segment 
of  a  thrombosed  blood  vessel  with  scattered  collagen  necrosis,  few  giant  cells  and 
eosinophilia.  On  January  12,  1940  she  had  a  generalized  convulsion,  from  which 
she  never  regained  consciousness,  and  died. 

A' ecropsy  findings.    Generalized  periarteritis  nodosa  was  found. 
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Comment.  The  convulsive  seizures  may  have  been  due  to  hypertensive  encephal- 
opathy associated  with  renal  damage.  The  retinal  lesions  described  here  and  in 
Case  6  were  probably  the  result  of  hypertension  and  kidney  involvement.  True 
periarteritic  lesions  of  the  retinal  vessels  are  uncommon. 

DISCUSSION 

A  review  of  our  cases  and  thos(>  rei^orted  by  others  shows  that  one  of  the 
most  characteristic  and  frequent  nerve  disorders  in  this  disease  is  in\'oh'e- 
ment  of  single  nerves  in  the  extremities.  The  invoh-ement  ma>'  he  mul- 
tiple but  it  is  usually  a.symmetrical  and  the  nerves  are  att'ected  individually 
at  different  times.  Regression  in  signs  is  also  characteristic  of  the  illness. 
Asymmetrical,  multiple  and  single  nerve  palsies  are  otherwise  rare,  but  do 
occur  in  periarteritis  nodosa.  As  is  well  known,  most  of  the  neuritides  are 
symmetrical.  Isolated  nerve  palsies  are  found  in  injuries,  local  infections, 
compression,  ischemics  of  nerves,  and  in  leprosy.  The  neurological  clinical 
picture  in  periarteritis  nodosa  may  be  classified  as  that  of  "mononeuritis 
multiplex."  The  term  neuritis,  however,  is  not  strictly  speaking  correct, 
since  there  is  no  inflammation  of  the  ner^■e  tissue  proper  and  there  is  true 
neuropathy. 

The  pathology  has  been  described  by  many  authors,  e.g.,  Lorenz, 
Meyer,  Schmincke  and  Kernohan  and  Woltman.  IMost  of  the  peripheral 
nerve  lesions  are  infarctions  as  the  residt  of  occlusion  of  the  smaller  nutrient 
vessels  to  the  nerve  trunks  or  bundles.  Kernohan  and  Woltman  found 
many  infarcts,  especially  in  the  distal  portions  of  the  nerves,  but  they  saw- 
no  signs  of  inflammation.  Edema  and  widespread  degeneration  were 
noted  even  central  to  the  site  of  vascidar  occlusion.  These  are  not  the 
only  types  of  lesions  of  the  peripheral  nerve.  Harka\-y  rejjorted  eosino- 
philic perineural  infiltration  of  small  nerve  bundles  found  in  a  biopsy  taken 
from  the  skin. 

Lesions  of  the  peripheral  nerves  seem  to  be  more  common  than  those 
in  the  central  nervous  system.  There  are  no  striking  symptoms  of  gross 
lesions  of  the  brain,  such  as  hemiplegias,  etc.  because  large  vessels  are 
rarely  occluded.  When,  however,  the  brain  or  cord  is  examined  histo- 
logically arteritis  and  periarteritis  nodosa  of  the  smaller  and  even  larger 
vessels  are  found.  When  the  vessels  become  thrombosed  distal  infarction 
occurs  and  the  signs  and  sy  mptoms  which  appear  reflect  the  function  of  the 
region  which  happened  to  be  involved.  Multiple  arteritis  of  the  cerebral 
and  meningeal  vessels  may  give  rise  to  the  syndrome  of  meningo-encepha- 
litis.  This  is  not  an  infrequent  finding  and  sometimes  may  simulate 
syphilis,  as  in  our  ca.se  with  the  Argyll-Robertson  pupils.  Chvostek  and 
Weichselbaum  reported  similar  findings.  A  majority  of  the  lesions  in  the 
central  nervous  system  in  periarteritis  are  the  result  of  arteritis  of  the 
cerebral  or  cord  ves.sels,  but  when  there  is  renal  involvement  with  second- 
ary hypertension  and  arteriosclerosis  the  resulting  picture  may  be  that  of 
hypertensive  encephalopathy.    Manj'  of  the  convulsive  seizures  may  be 
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explained  on  this  basis.  When  the  meningeal  vessels  are  involved  sub- 
arachnoid hemorrhage  may  develop,  as  it  did  in  one  of  our  cases. 

Ci'anial  nerve  involvement  in  periarteritis  nodosa  is  not  common  but 
when  it  does  exist  it  may  assume  anj-  form.  The  facial  nerve  is  the  one 
most  often  affected.  One  of  our  cases  showed  diplopia  due  to  abducens 
weakness.  Retinal  and  optic  nerve  changes  are  common  but  they  are 
difficult  to  interpret  clinically  because  of  the  frequent  occurrence  of  kidney 
disease  and  hypertension.  Goldstein  and  Wexler  have  described  peri- 
art  critic  lesions  in  the  arterioles  of  the  choroid;  such  lesions  of  the  retinal 
arteries  are  rare.  Histologicalh'  the  retinal  lesions  in  cases  of  periarteritis 
nodosa  are  usually  those  found  in  association  vnth.  hypertension  and 
malignant  sclerosis. 

SUMAL\RY 

Seven  cases  of  periarteritis  nodosa  with  neurological  manifestations  are 
described.  The  most  characteristic  nerve  disorder  in  this  disea.se  is  in- 
volvement of  single  or  multiple  peripheral  nerves  in  the  extremities.  The 
nerves  are  u.sually  affected  individually  and  at  different  times.  Signs  of 
central  nervous  system  involvement  are  al-so  present  but  are  never  striking, 
chief!}'  becau.se  gross  lesions  of  the  brain  or  spinal  cord  in  periarteritis 
nodosa  are  uncommon.  Renal  damage  and  associated  arterial  hyper- 
tension may  explain  some  of  the  symptoms  of  brain  involvement  in  peri- 
arteritis nodosa. 
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SELF-OBSERVATIOXS   AND   PSYCHOLOGIC    RH-VCTIOXS  OF 
:\IEDICAL  STUDENT  A.  S.  R.  TO  THE  ONSET  AND  SYMP- 
TOMS OF  SUBACUTE  BACTERIAL  ENDOCARDITIS 


SOMA  WEISS,  M.D. 

[From  the  Department  of  Medicine,  Harvard  Medical  School:  and  the  Medical  Clinic 
of  the  Peter  Bent  Brigham  Hospital,  Boston] 

To  understand  and  relieve  the  symptoms  is  still  the  main  labor  of  the 
physician  in  the  management  of  patients  during  the  long  and  usually 
hopeless  course  of  subacute  bacterial  endocarditis.  Much  has  been  written 
on  the  bacteriologic  and  immunologic  aspects  and  on  the  post  mortem 
findings  in  subacute  bacterial  endocarditis.  The  sj'mptoms  and  subjec- 
tive behavior  of  the  patient,  on  the  other  hand,  have  received  surprisingly 
little  consideration,  although  the  complaints  are  many  and  often  puzzling. 
It  is  indeed  a  rare  opportunity  in  am^  disease  to  obtain  an  intelligent  and 
complete  stoiy  in  which  subjective  sensations  are  well  related  to  objec- 
tive findings. 

A.  S.  R.  was  a  fourth  year  student  in  the  Harvard  IVIedical  School  and 
a  young  man  of  exceptional  ability.  It  is  hoped  that  physicians  may  read 
with  profit  this  record  of  his  keen  self-observations  with  its  philosophical 
remarks,  written  during  the  course  of  a  disease  which  he  recognized  as 
hopeless.  With  the  exception  of  the  headings  and  minor  editorial  changes 
and  omissions,  his  obser\-ations  are  reported  here  as  they  were  dictated 
by  the  patient. 

CASE  REPORT 

History  (Adm.  29669).  A.  S.  R.  was  admitted  to  the  Peter  Bent  Brigham  Hos- 
pital on  June  17,  1921,  at  the  age  of  1.3  with  the  complaint  of  "marked  choreiform 
movements."    The  family  and  past  histories  were  non-contributory. 

Following  several  attacks  of  severe  tonsillitis  the  patient's  tonsils  and  adenoids 
were  removed  in  1920.  Two  months  previous  to  his  admission  to  the  hospital  he 
developed  dyspnea  on  moderate  exertion  and  one  month  before  admission  rheu- 
matic fever.    Almost  simultaneously  he  developed  chorea. 

Examination.  The  significant  findings  were  as  follows.  There  were  choreiform 
movements  of  the  muscles  of  the  face  and  extremities.  The  size  of  the  heart  was 
normal  on  percussion.  .\  blowing  systolic  murmur  was  present  over  the  apex. 
There  was  moderate  swelling  of  the  second  joint  of  the  fourth  finger  of  the  right 
hand.  The  arterial  pressure  was  120  systolic  and  38  diastolic  and  subsequently 
120  systolic  and  0  diastolic.  On  .July  19  a  distant  diastolic  murmur  was  heard  over 
the  apex  and  a  blowing  aortic  diastolic  murmur  over  the  base.  The  patient  was 
free  of  choreiform  movements  by  this  time.  On  repeated  examination  the  degree  of 
enlargement  of  the  heart  was  either  slight  or  not  appreciable.    However,  on  .August 
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3  the  roentgenogram  indicated  a  moderate  degree  of  enlargement.  The  total  trans- 
verse diameter  was  13.2  cm.  with  a  thoracic  diameter  of  24  cm.  The  temperature 
and  heart  rate  were  elevated  during  the  first  week,  but  subsequently  returned  to 
normal.  The  laboratory  tests,  with  the  e.xception  of  slight  initial  leucocytosis, 
were  non-contributory.  The  serological  test  of  the  blood  for  syphiUs  was  nega- 
tive.   The  patient  was  discharged  on  August  16,  1921. 

Course.  The  patient  was  followed  in  the  Out-Door  Department  and  one  year 
later  the  only  complaint  was  palpitation.  The  physical  signs  remained  unchanged. 
The  arterial  pressure  was  150  sj-stohc  and  0  diastolic.  In  June  1923  he  suffered  from 
a  severe  attack  of  pharyngitis  and  following  this  some  of  the  joints  became  swollen. 
In  1926  he  developed  nose  bleeds  and  headaches.  Otherwise  the  physical  signs 
showed  no  change,  and  the  diagnosis  was  aortic  insufficiency.  He  never  exerted 
himself  and  did  not  experience  dyspnea. 

Second  admission  (Adm.  74933).  The  patient  was  readmitted  to  the  Peter  Bent 
Brigham  Hospital  on  July  23,  1931.  In  the  spring  of  1931  following  measurement 
of  his  blood  pressure,  he  noted  a  small  circle  of  subcutaneous  red  spots  which  did 
not  fade  on  pressure.  The  patient  suspected  subacute  bacterial  endocarditis.  A 
short  time  afterward,  when  he  had  run  across  a  street,  he  developed  showers  of 
premature  beats  which  lasted  for  ten  days.  The  subsequent  part  of  this  illness  will 
be  described  by  the  patient. 

On  examination  in  Juh-  1931  he  appeared  somewhat  anxious.  The  head  was 
normal.  There  was  marked  visible  pulsation  of  the  carotid  arteries  with  a  thrill  and 
a  loud  systolic  murmur.  The  apex  impulse  was  13  cm.  from  the  midline  in  the 
sixth  space.  There  was  a  loud  sj'stohc  and  a  high  pitched  diastolic  murmur  over  the 
aortic  area.  The  pulses  were  Corrigan  in  type.  Pistol  shots  were  heard  over  the 
brachial  and  femoral  arteries,  but  Duroziez's  sign  was  absent.  The  arterial  pressure 
was  140  sj'stolic  and  0  diastolic.  There  was  a  small  reddened  streak  on  the  dorsum 
of  the  right  thumb.  Xo  petechiae  were  seen.  The  rest  of  the  examination  revealed 
no  abnormal  finding.  Rheumatic  fever  with  heart  disease  and  with  aortic  insufficiency 
was  diagnosed.  The  possibility  of  subacute  bacterial  endocarditis  was  considered. 
On  August  2  a  positive  blood  culture  for  streptococcus  viridans  was  obtained,  and 
thus  the  diagnosis  of  subacute  bacterial  endocarditis  became  estabUshed.  On 
August  5  streptococcus  hemolyticus,  streptococcus  viridans,  and  an  indifferent 
strain  of  streptococcus  antigens  were  injected  intracutaneously  on  the  flexor  surface 
of  the  right  forearm.  The  result  was  entirely  negative.  Various  methods  of  treat- 
ment were  tried  without  benefit.  On  August  24  he  developed  left  upper  quadrant 
pain.  The  electrocardiogram  revealed  premature  beats.  There  was  a  moderate 
degree  of  leucocytosis  present.  The  rest  of  the  laboratory  tests  were  non-con- 
tributory. 

On  September  11  the  patient  was  transferred  to  the  Boston  City  Hospital  where 
the  findings  were  as  described  above.  His  temperature  varied  from  100  to  101°F. 
The  spleen  was  palpable.  On  September  14,  1931,  tenderness  and  slight  swelling  of 
the  right  index  finger  developed  with  a  vaguely  circumscribed  red  spot,  .\rterial 
blood  pressure  was  130  to  170  systolic  and  0  diastolic.  The  white  cell  count  of  the 
blood  was  12,000  to  16,000  per  cm.  By  September  18,  1931  numerous  petechiae  had 
appeared.  The  spleen  became  larger.  Blood  cultures  were  positive  for  strepto- 
coccus viridans.  Urine  and  blood  chemistry  were  normal.  There  was  a  sUght  de- 
gree of  secondary  anemia.  On  September  25  he  developed  an  attack  of  acute  pain 
under  the  left  costal  margin  which  became  worse  on  inspiration.  Extreme  tender- 
ness was  experienced  over  the  spleen.  During  the  next  two  weeks  various  embolic 
manifestations,  sore  muscles  and  joints,  and  tender  cutaneous  nodules  developed. 
Beginning  with  October  18  the  patient  developed  transient  attacks  of  aphasia  and  on 
October  21  complete  right  hemiplegia  occurred.  On  October  26  he  developed  pul- 
monary edema  and  died. 
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Diagnosis.  Rheumatic  heart  disease  with  subacute  bacterial  endocarditis. 
Aortic  insufficiency.  Embolic  manifestations.  Mycotic  aneurysm  of  the  cerebral 
vessels. 

Xecropsy.  The  pertinent  findings  were  as  follows.  The  heart  weighed  620  Cm. 
The  left  ventricular  wall  was  considerably  hypertrophied.  Both  ventricles  were 
dilated.  The  leaflets  of  the  aortic  valve  were  thickened  and  retracted,  and  sUght 
fusion  existed  at  the  juncture  of  the  cusps.  There  were  numerous  soft  vegetations 
attached  to  the  aortic  cusps.  The  large  ones  projected  into  the  lumen  of  the  opening 
of  the  valves,  growing  mainly  over  the  cardiac  surface  of  the  cusps.  The  vegeta- 
tions continued  downward  toward  or  onto  the  aortic  leaflet  of  the  mitral  valve.  The 
mitral  valve  and  the  chordae  tendineae  failed  to  show  any  thickening  or  deformity. 
The  tricuspid  and  pulmonary  valves  were  normal.  The  coronary  arteries  were 
normal.  The  spleen  was  enlarged  and  somewhat  soft.  The  upper  pole  was  adhesive 
to  the  diaphragmatic  surface  with  fresh  fibrin.  The  surface  showed  three  white 
areas,  two  large  and  one  small,  which  on  section  corresponded  to  infarction.  The 
right  kidney  was  imbedded  in  a  soft  hemorrhagic  mass.  The  coagulated  blood 
ruptured  the  capsule,  and  the  hemorrhage  spread  over  the  entire  right  retroperi- 
toneal area  from  the  diaphragm  down  to  the  cecum.  The  right  kidney  itself  was 
pale  and  flattened.  There  was  a  small  infarct  present.  The  left  kidney  surface 
contained  small  petechial  hemorrhages,  but  was  otherwise  normal. 

There  was  a  subarachnoid  hemorrhage  over  the  left  fronto-parietal  region.  Xe- 
crosis  was  present  in  the  internal  capsule  and  lenticular  nucleus  on  the  left.  Hemor- 
rhage was  present  throughout  the  course  of  the  left  middle  cerebral  artery.  Some 
of  the  larger  vessels  were  plugged  by  a  grayish  fibrinous  material,  which  seemed 
older  than  the  degenerative  lesion  of  the  basal  ganglia.  The  rest  of  the  findings 
were  not  significant. 

The  anatomic  diagnoses  were:  subacute  bacterial  endocarditis  (aortic  and  mitral): 
old  rheumatic  endocarditis  with  aortic  insufficiency;  infarctions  of  the  spleen, 
kidney  and  brain:  left  occipital  cerebral  hemorrhage:  left  fronto-parietal  meningeal 
hemorrhage.  Microscopic  examination  confirmed  the  gross  anatomic  diagnoses  and 
in  addition  revealed  an  intracapillary  glomerulonephritis.  Culture  of  the  blood 
obtained  from  one  of  the  cardiac  chambers  yielded  streptococcus  viridans. 

SELF-OBSERVATIONS 

FE.\KS  AND  H.\XDIC.\PS  BEFORE  THE   ONSET  OF   SCB.U'LTE   B.VCTERI.\L  E\DOC.\RDITIS 

"These  notes  constitute  subjective  experiences  and  observations  during  the  course 
of  a  generally  fatal  disease.  It  is  hoped  that  here  and  there,  there  may  be  a  state- 
ment, which  may  prove  of  value  in  the  elucidation  of  some  medical  problem  or  of 
some  problem  involving  the  ps3'chology  of  the  sick  room. 

"A  Viennese  psychologist  is  reputed  to  have  said  that  the  education  of  the  child 
should  begin  twenty  years  before  the  child  is  born.  In  like  manner,  the  patho- 
genesis of  a  disease  must  be  sought  usually  in  the  records  or  reactions  long  ante- 
dating the  immediate  symptomatology.  In  this  regard,  I  must  look  for  the  genesis 
of  the  present  disease  at  least  ten  years  back  to  the  time  when  I  was  afflicted  with 
chorea  and  rheumatic  fever  with  resulting  damage  supposedly  only  to  the  aortic 
valve.  The  fact  that  the  only  or  principal  lesion  was  aortic  is,  of  course,  of  signifi- 
cance in  the  understanding  of  later  events.  Aortic  regurgitation,  as  is  well  known, 
carries  with  it  a  syndrome  of  hemodynamic  phenomena,  which  are  among  the  most 
striking  in  the  entire  field  of  physical  diagnosis. 

"For  ten  years  now,  I  have  carried  a  blood  pressure  ranging  on  the  average  of 
160  systoUc  and  0  diastohc,  a  fact,  which  translated  into  physical  emotions  means, 
especially  when  we  consider  the  existence  of  the  cor  bovinum  of  aortic  insufficiency, 
that  every  ventricular  systole  is  sensed  by  the  patient  with  no  eflfort  on  his  part, 
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so  that  I  might  almost  facetiouslj'  say  that,  if  I  did  not  sense  the  heart  beating  at 
any  time,  during  the  past  ten  years,  I  knew  I  was  dead.  The  physical  discomfort 
of  being  forced  to  experience  every  ventricular  sj'Stole  over  a  long  period  of  years  is 
not  to  be  underestimated,  and  I  had  often  felt  willing  to  sacrifice  many  things  in 
order  to  feel  again  how  it  was  to  be  able  to  live  without  feeling  my  heart  beat.  With 
this  physical  and  psychological  handicap,  I  was  able  to  complete  perhaps  with  a 
little  more  than  the  average  degree  of  success,  school,  college,  and  three-fourths  of 
medical  school. 

"It  was  when  I  had  acquired  enough  medical  information  to  understand  the 
clinical  problems  surrounding  my  particular  case,  that  there  began  to  shape  them- 
selves in  my  mind,  three  fears,  as  it  were,  relative  to  my  ultimate  fate,  which  albeit, 
I  had  not  usually  looked  upon  as  being  very  near.  I  knew  there  were  always  three 
octipi  ready  to  grab  me  in  their  tentacles  at  the  first  possible  opportunity.  The  first 
of  these  was  a  recurrence  of  the  rheumatic  fever,  the  second  was  cardiac  decompen- 
sation, for  I  was  leading  a  very  active  life,  and  the  third  was  subacute  bacterial 
endocarditis." 

SELF  DI,\GNOSIS  AND  THE  EARLY  COURSE  OF  THE  DISEASE 

"The  possibility  of  my  having  subacute  bacterial  endocarditis  first  entered  my 
mind  about  January  1931.  I  had  no  definite  indication  that  I  was  affected  with  the 
disease  except  a  strong  neurotic  inclination  in  that  regard,  and  a  subjective  feeling 
of  fullness  in  the  right  upper  quadrant,  which  I  thought  might  be  an  enlarged  liver. 
I  had  never  felt  my  liver  edge,  although  in  the  hot  bath  I  had  felt  something  in  the 
right  upper  quadrant  concerning  the  nature  of  which  I  could  not  satisfy  myself.  I 
have  no  reason  to  believe  at  this  time  that  a  large  liver  was  a  sign  of  subacute  bac- 
terial endocarditis,  but  what  with  the  mental  attitude  that  I  had  plus  another  idea 
that  my  fingers  were  somewhat  clubbed — again  an  idea  for  which  I  had  no  definite 
proof — I  thought  the  wisest  policy  would  be  to  consult  those  who  knew  more  about 
medicine  than  I  did,  and  I  repaired  to  the  office  of  Dr.  A.,  who  reassured  me  to  the 
extent  that  he  could  find  no  signs  of  subacute  bacterial  endocarditis  existent  at  that 
time.  He  told  me  in  that  examination  the  signs  of  fullness  and  possibly  tenderness 
in  the  right  upper  quadrant  might  well  be  due  to  gall  bladder  pathology  independent 
of  any  other  condition  I  had,  inasmuch  as  the  former  was  so  common. 

"I  thought  nothing  more  of  my  health  till  the  following  April,  I  believe,  when  I 
was  taken  to  bed  with  an  attack  of  acute  tonsillitis.  This  occurred  during  a  time 
when  I  was  taking  laryngology,  and  I  thought  I  might  have  contracted  tonsillitis 
from  one  of  my  patients.  The  attack  was  severe  enough  to  keep  me  in  bed  for  two 
or  three  days,  but  was  readily  relieved  by  the  continuous  sipping  of  cracked  ice  and 
occasional  throat  gargles.  At  the  time  subacute  bacterial  endocarditis  did  not  enter 
my  mind  at  all,  the  onlj^  consternation  arising  at  all  being  the  fear  of  the  possibilitj' 
of  the  subsequent  acute  or  subacute  nephritis.  This  fear  was  dissipated  in  due 
time  by  almost  daily  examinations  of  the  urine  which  showed  no  blood  cells  or  other 
abnormal  findings. 

"Things  went  along  smoothly  until,  as  I  recall  it,  about  toward  the  end  of  May. 
I  was  studying  intensively  for  final  examinations  at  the  time,  when  I  vividly  recall 
running  across  the  street  to  my  house  to  avoid  an  oncoming  automobile,  an  act  which 
was  followed  bj^  a  procession  of  extrasystoles  unprecedented  in  their  frequency. 
At  the  time  I  thought  that  this  condition  would  quiet  down,  but  instead  it  seemed  to 
grow  worse.  Study  became  almost  impossible,  sleep  became  well-nigh  impossible, 
in  fact,  life  itself  was  almost  intolerable  due  to  the  almost  never  absent  extrasys- 
toles. If  I  had  not  known  exactly  what  they  were,  I  should  readily  have  diagnosed 
the  condition  as  auricular  fibrillation.  The  condition  was  doubly  intolerable  due  to 
the  fact  that  I  was  trying  to  study  medicine  at  the  time,  and  each  known  fact  seemed 
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literally  to  be  hammered  into  my  head  bj'  a  cannon.  I  was  able  to  devise  no  method 
by  which  I  could  obtain  relief  from  these  terrible  cxtrasystoles,  with  the  possible 
exception  that  at  night  getting  up  and  walking  around,  thus  increasing  the  heart 
rate,  might  lend  some  relief.  Finally  I  decided  to  go  to  my  family  physician,  not 
that  I  thought  he  could  do  very  much  for  me,  but  simply  to  share  my  burden  with 
him.  He  confirmed  my  diagnosis  of  extrasystoles,  and  advised  me  to  sec  Dr.  A.  for 
further  suggestions.  During  the  course  of  the  examination,  he  took  my  blood 
pressure,  which  showed  no  remarkable  change,  and  he  endeavored  to  reassure  me 
from  a  psychological  point  of  view. 

"I  cannot  remember  whether  this  took  place  before  or  after  the  final  examina- 
tion in  medicine,  which  if  I  remember  correctly,  was  scheduled  on  May  29.  It  may 
be  that  I  had  already  taken  that  examination,  and  was  studying  for  the  National 
Boards,  two  of  which  I  had  yet  to  take.  At  any  rate,  at  approximately  one-quarter 
to  twelve  that  night,  I  remember  distinctly  getting  up  from  my  chair  and  from 
the  table,  where  my  books  lay,  and  taking  off  my  suit  coat.  No  sooner  had  I  re- 
moved the  left  arm  of  my  coat,  than  there  was  on  the  ventral  aspect  of  my  left  wrist 
a  sight  which  I  never  shall  forget  until  I  die.  There  greeted  my  eyes  about  fif- 
teen or  twenty  bright  red,  slightly  raised,  hemorrhagic  spots  about  1  millimeter  in 
diameter  which  did  not  fade  on  pressure  and  which  stood  defiant,  as  if  they  were 
challenging  the  very  gods  of  Olympus.  I  had  never  seen  such  a  sight  before,  I  have 
never  seen  such  a  sight  since,  and  I  hope  I  shall  never  see  such  a  sight  again.  I  took 
one  glance  at  the  pretty  little  collection  of  spots  and  turned  to  my  sister-in-law,  who 
was  standing  nearby,  and  calmly  said:  "I  shall  be  dead  within  six  months."  There 
was  no  mistaking  what  the  sign  was.  It  had  only  to  be  read.  I  knew  that  the  pres- 
sure of  the  sphygmomanometer  cuff  might  produce  petechiae  in  the  underlying  skin, 
but  I  had  seen  petechiae  before,  and  no  stretch  of  the  imagination  could  convince 
me  that  what  confronted  my  ej-es  on  that  fateful  night  was  due  to  any  blood  pres- 
sure cuff.  Moreover,  pressure  petechiae  more  often  occur  under  the  cuff  than  so 
far  distal  to  it,  although  the  latter  condition  may  very  well  occur. 

"My  sister-in-law  naturally  thought  I  was  a  little  demented  to  make  such  a 
startling  statement  out  of  a  clear  sky  at  such  an  hour  of  the  night,  particularly  as 
she  knew  absolutely  nothing  about  my  past  medical  history.  It  was  impassible 
for  me  under  the  conditions  to  go  to  bed,  as  she  advised. 

"It  was  now  just  about  past  midnight,  and  in  my  quandry  my  eye  caught  the 
telephone.  I  had  to  talk  with  some  one  of  responsibility.  I  called  up  Dr.  A.  whom 
I  knew  personally,  knowing  very  little  what  I  should  say  to  him  or  do  after  he  an- 
swered my  call.  Any  doubts  as  to  what  I  should  say  to  him  at  this  hour  of  the 
morning,  were  soon  laid  aside  by  my  receiving  the  information  that  the  doctor  was 
out  of  town,  I  think  attending  a  convention.  I  then  called  Dr.  B.  who  lived  much 
nearer  to  me  than  Dr.  A.,  and  whom  it  would  be  much  easier  for  me  to  see  at  that 
time,  should  he  agree  to  see  me;  but  as  fate  would  have  it,  he  was  also  away,  I  think 
at  the  same  convention,  if  it  was  a  convention,  as  Dr.  A.  There  was  nothing  left 
to  do  at  this  juncture,  but  to  gather  my  nervous  forces  together  at  full  composure, 
which  I  did.  I  collected  myself,  as  it  were,  and  then  went  to  bed  for  the  night. 
It  was  hard  falling  asleep  that  night.  Every  time  I  found  myself  awake,  I  would 
make  a  very  conscious  effort  to  return  to  sleep,  a  very  annoying  process  indeed. 
By  morning,  the  red  spots  were  still  present,  although  not  nearly  so  red  as  they 
were  the  night  before.  Their  significance  continued  to  weigh  on  my  mind,  although 
for  some  reason,  not  nearly  so  heavily  as  on  the  preceding  night,  perhaps  because  the 
critical  stage,  as  it  were,  wgs  over.  By  the  following  morning  the  spots  had  prac- 
tically faded  away  entirely,  and  with  their  disappearance  went  the  only  reallj-  tang- 
ible demonstration  that  I  had  subacute  bacterial  endocarditis.  What  I  mean  to  say 
is  that  these  petechiae  have  been  the  only  external  visible  sign  I  had  during  the  en- 
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tire  course  of  the  disease  to  prove  the  nature  of  my  affliction.  The  fact  that  they  did 
not  reappear  in  any  form  or  in  any  place,  proved  a  little  embarrassing  to  me  in  the 
following  weeks,  when  I  tried  to  convince  associates  and  house  officers  that  I  had 
malignant  endocarditis.  It  was  difficult  for  them  to  make  any  diagnosis  on  what 
only  I,  perhaps  a  neurotic  patient,  and  no  one  else  had  seen. 

"I  cannot  remember  in  anj-  detail  the  e.vact  course  of  events  in  the  days  and 
weeks  following  my  observation  of  the  petechiae.  This  fact  must  impress  the  medical 
reader  of  the  difficulty  of  eliciting  accurate  histories  from  even  the  most  intelligent 
of  patients.  When  I  consider  that  so  important  a  series  of  events  in  my  life,  and  a 
series  which  happened  less  than  four  months  ago  cannot  be  recounted  with  anj- ac- 
curacy even  allowing  for  any  mental  retrogression  which  might  have  taken  place 
within  me,  I  realize  how  futile  is  much  of  the  detailed  history  taking  resorted  to  on 
the  wards,  but  that  is  but  a  digression.  I  shall  have  to  gather  the  thread  of  the 
narrative  at  a  date  somewhere  around  the  beginning  of  Juh".  I  had  noticed  here 
and  there  small  short  red  streaks  on  my  fingers  perhaps  only  four  or  five  or  less  on 
various  days.  These  were  apparently  insignificant  light  red  lines,  ranging  from  one- 
eighth  to  one-quarter  of  an  inch  in  length.  I  say  they  were  apparently  insignifi- 
cant, and  under  normal  conditions,  I  would  consider  them  as  such,  but  in  my  exist- 
ing state  where  I  was  examining  my  hands  every  day  for  petechiae  and  embolic 
phenomena,  I  could  not  help  being  impressed  with  the  occasional  sudden  appearance 
of  one  of  these  lines  on  my  forefinger.  I  wish  to  emphasize  that  they  were  hardly 
noticeable,  and  if  I  were  not  looking  for  untoward  phenomena,  I  should  certainly 
not  have  given  them  any  recognition.  As  it  was,  however,  they  were  sufficient  to 
set  me  on  edge. 

"I  think  it  was  on  a  Friday  night  that  I  was  no  longer  able  to  tolerate  these  nag- 
ging omens.  At  about  7:00  o'clock  that  night  I  called  up  Dr.  C.  and  asked  him 
whether  I  could  see  him  at  once.  It  so  happened  that  he  had  a  concert  engage- 
ment that  evening  which  was  scheduled  to  begin  very  shorth'  after  I  called  him, 
so  that  the  best  I  could  do  was  to  make  an  appointment  for  the  following  morning 
at ,  the  X  Hospital.  That  Friday  night  was  another  night  spent  in  considerable 
anguish.  I  got  to  feeling  that  I  did  not  care  whether  or  not  I  had  subacute  bacterial 
endocarditis,  but  I  onl,y  wanted  to  know  whether  I  had  it  and  get  the  suspense  over 
with.  The  following  morning  I  saw  Dr.  C.  at  9:00  o'clock,  and  he  made  a  careful 
examination  of  me,  including  blood  cultures  and  skin  tests.  On  Monday  morning, 
I  saw  Dr.  C.  again,  and  the  skin  tests  were  ready  to  be  read.  They  were  all  highly 
positive,  except  that  in  which  the  streptococcus  viridans  was  used  as  an  antigen 
which  was  neutral,  a  sort  of  circular  discoloration,  which  still  persists.  These  read- 
ings were  regarded  as  favorable  since,  as  I  understand  it,  in  cases  in  which  the  body 
is  immune  to  the  organism  of  subacute  bacterial  endocarditis,  these  rheumatic  skin 
tests  are  positive,  whatever  the  immunological  basis  may  be. 

"Following  this  conference  with  Dr.  C,  matters  progressed  in  a  fairly  normal 
manner  for  about  a  week  or  so.  As  I  recall  it,  however,  an  occasional  red  streak  ap- 
peared here  and  there  among  my  fingers.  I  could  find  them  in  no  other  part  of  my 
bodj-.  Dr.  C.  had  expressed  his  opinion  that  the  phenomena  which  I  was  experienc- 
ing were  simply  part  of  a  mild  attack  of  rheumatic  fever,  assuming  a  somewhat 
abnormal  form. 

"Incidentally  during  a  trip  to  Xew  York,  which  lasted  almost  two  weeks,  I  gained 
several  pounds  in  weight  despite  the  fact  that  I  was  very  active  during  the  entire 
time,  and  secondlj'  I  met  a  young  lady  with  whom  I  became  quite  familiar  and  whose 
sister  had  died  three  or  four  weeks  previously  of  subacute  bacterial  endocarditis,  a 
fact  which  I  did  not  learn  for  some  days  after  meeting  the  girl,  and  a  fact  which 
did  very  little  to  calm  my  uneasj^  mind.  During  the  same  time  I  learned  of  the 
death  of  a  school  classmate  of  mine  from  subacute  bacterial  endocarditis,  and  I  spent 


SUBACUTE  BACTERIAL  ENDOCARDITIS 


1085 


some  time  listening  to  the  details  of  the  horrors  of  the  mode  of  exodus.  This  par- 
ticular young  man,  some  two  weeks  before  his  death,  was  seized  with  an  attack  of 
aphonia  while  talking  to  a  friend  of  his;  later,  I  believe,  with  paralysis  of  the  Umbs; 
finally  with  coma,  and  death. 

"On  Wednesday  with  the  kindness  of  the  surgical  resident  of  the  Y  Hospital  and 
with  the  courtesy  of  his  staff,  I  began  my  Fourth  Year  course  and  enjoyed  it.  Things 
went  along  fine.  I  weighed  myself  dailj',  never  lost  any  weight,  and  occasionally 
gained  some.  On  the  P'riday  of  the  second  week  in  which  I  started  surgery,  I  began 
to  notice  some  soreness  in  the  back  of  my  right  knee  at  about  noontime.  That 
morning  I  had  stood  in  the  operating  room  for  some  three  or  four  hours  and  attrib- 
uted the  soreness  to  that  fact.  I  was  sure  it  was  simph^  some  lameness  of  the  liga- 
ments behind  the  knee  joint,  although  in  orthopedic  problems,  I  could  never  be 
anatomically  definite. 

"1  did  not  tliink  the  matter  serious  enough  to  prevent  me  from  walking  up  the 
hill  from  S.  Street  to  R.  Square  to  have  lunch,  although  I  might  just  as  well  have 
eaten  directly  across  the  street  from  the  hospital.  As  the  afternoon  progressed,  I 
began  to  notice  the  soreness  more  and  about  four  or  five  o'clock  noticed  that  I  was 
limping,  my  right  leg  being  the  seat  of  the  trouble.  I  did  not  leave  the  hospital 
till  about  seven  o'clock  that  night,  and  I  would  have  stayed  even  longer,  had  I  felt 
well,  for  there  were  still  one  or  two  histories  which  I  should  have  taken.  I  was 
barely  able  to  reach  home  that  Friday'  night,  for  it  was  some  walking  distance  from 
the  street  car  to  the  place  where  I  was  living.  I  had  to  stop  several  times  along 
the  vfay  for  a  little  rest  and  then  was  able  to  drag  my  foot  along.  I  had  dinner  that 
night  with  the  family,  and  then  lay  down,  thinking  that  the  soreness  would  soon 
pass  over.  However,  it  increased  rather  than  decreased  in  magnitude,  and  at  about 
nine  o'clock,  I  was  forced  to  call  my  family  physician.  All  this  time  absolutely 
nothing  else  entered  my  mind  except  the  diagnosis  of  some  affection  of  the  liga- 
ments of  the  knee  joint.  My  physician,  however,  made  a  diagnosis  of  rheumatic 
fever,  even  though  there  was  nothing  to  observe  in  the  joint  which  was  not  red,  or 
swollen,  or  edematous,  or  hot:  in  fact,  he  made  the  observation  that  the  right  knee 
joint,  if  anything,  seemed  cooler  to  the  touch  than  the  left.  I  accepted  his  diagnosis 
with  some  reluctance  and  entered  upon  anti-rheumatic  therapy,  heavy  doses  of 
aspirin  and  oil  of  wintcrgreen  packs  to  the  knee  joint.  There  was  no  fever  at  the 
time.  The  pain  in  the  knee  continued  for  several  days  despite  the  intense  anti- 
rheumatic therapy,  but  the  temperature  was  alwaj'S  normal  at  the  time  it  was  taken 
bj-^  my  family  physician.  My  own  thermometer,  however,  showed  slight  elevations 
in  the  lower  99's  when  I  took  it  in  between  his  visits.  By  the  Wednesday  of  the 
following  week,  I  began  to  become  a  little  worried  over  the  condition  which  showed 
no  tendency  to  clear  up,  as  did  my  family  physician.  We  decided  at  that  time  to 
call  Dr.  A.  in  consultation,  and  he  appeared  on  the  scene  Wcdnesdaj-  night  about 
10:30.  Dr.  A.  also  made  a  diagnosis  of  rheumatic  fever,  and  advised  my  immediate 
removal  to  the  Hospital.  I  had  expressed  to  Dr.  \.  at  the  house  my  fear  of  subacute 
bacterial  endocarditis,  but  again  I  had  no  signs  to  show  him.  He  told  me  at  some- 
time later  that  he  did  feel  my  spleen  on  that  night,  although  of  course,  he  did  not 
impart  the  information  to  me  at  the  time;  however,  as  I  said,  his  admission  diagnosis 
was  rheumatic  fever." 

IX  THE  HOSPIT.\L 

Bacteriologic  confirmation  of  subacute  bacterial  endocarditis;  treatment 

"As  a  new  patient,  I  went  through  the  ordinary  routine  of  examination  and  in- 
vestigation. The  house  officer  took  my  history  and  asked  for  my  chief  complaint. 
I  told  him  'subacute  bacterial  endocarditis.'    He  laughed  heartily  as  did  the  resident 
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when  he  came  up  later.  Both  told  me  that  they  thought  very  little  of  my  chief 
complaint  and  both  again  made  the  diagnosis  of  rheumatic  fever,  a  diagnosis  which 
was  becoming  increasingly  repugnant  to  me,  because  there  was  so  little  somatically 
to  uphold  such  a  diagnosis.  I  was  put  on  an  anti-rheumatic  regime  again,  and  was 
prescribed  a  diet  of  salicylates  and  bicarbonates  to  the  extent  of  one  gram  of  each 
per  hour  not  until  I  should  be  affected  with  ringing  in  the  ears,  but  until  I  should 
hear  cathedral  bells  ringing  in  my  ears.  This  was  a  fortunate  modification,  for 
tinnitus  began  after  the  first  or  second  dose  of  salicylates,  while  the  cathedral  bells 
did  not  begin  to  sound  until  some  24  doses  had  been  taken.  Xausea  had  also  set  in 
at  this  time — quite  naturally.  I  had  by  this  time  developed  a  temperature  which 
ranged  between  99  to  100°F.  and  which  was  not  affected  by  the  salicylates.  The 
conclusion  reached  by  the  service  was  that  the  case  was  simply  one  which  was  re- 
sistant to  salicylate  therapy,  not  an  uncommon  occurrence  even  in  rheumatic  fever, 
and  the  drug  was  continued  on  smaller  doses.  The  possibility  of  infectious  arthritis 
was  also  raised  at  this  time  which  was  one  to  which  I  had  less  animosity  at  this  time 
particularly  since  my  tonsils  were  somewhat  uncomfortable  though  giving  me  no 
real  trouble.  A  blood  culture  taken  previously  was  negative,  as  were  other  labora- 
tory tests.  While  the  diagnosis  of  infectious  arthritis  was  under  consideration,  a 
second  blood  culture  was  taken,  and  my  fate  was  sealed.  The  green  producing 
streptococcus  was  found  on  the  culture  medium,  and  the  diagnosis  which  I  stoutly 
defended  for  more  than  a  month,  against  the  protests  of  all  those  around  me,  now 
was  unfortunatel}^  confirmed. 

"I  had  had  a  very  embarrassing  time  trying  to  convince  visiting  men  and  house 
officers  that  I  had  subacute  bacterial  endocarditis,  because  all  I  could  do  was  to 
describe  signs  which  I  only,  and  no  other  had  seen.  I  even  went  so  far  one  morning 
as  to  point  out  to  Dr.  A.  on  ward  rounds  certain  cutaneous  manifestations  on  the 
chest  of  another  patient  which  I  told  him  resembled  the  petechial  hemorrhages  which 
I  had  observed  on  myself  the  preceding  May,  but  now  everything  was  changed. 

"I  well  remember  the  morning  when  Dr.  D.  and  Dr.  A.  approached  my  bed  with 
sober  faces.  I  rather  suspected  that  something  was  up  when  I  saw  them  coming 
toward  me,  but  I  was  not  exactly  sure  what  that  something  was.  Finally  Dr.  A. 
imparted  to  me  the  information  that  the  last  blood  culture  was  very  suspicious.  He 
all  but  said  that  it  was  positive  for  streptococcus  viridans.  Here  was  the  last  link 
in  the  chain.  I  had  previously  had  inculcated  into  me  the  fact  that  I  was  going  to 
die  within  a  comparatively  short  period  of  time,  but  I  could  always  find  a  leeway  out. 
I  could  always  find  a  loophole  in  the  evidence  here  and  there  howsoever  untenable 
I  knew  these  loopholes  to  be,  but  now  I  was  confronted  with  the  dictum  ullimatum 
from  which  there  was  no  escape.  I  do  not  exactly  recall  my  reaction  to  this  message 
from  the  Angel  of  Death,  although  as  I  remember  it,  I  showed  no  emotional  change 
whatsoever.  I  calmly  accepted  the  news  from  my  two  physicians  and  immediately 
brought  up  before  them  a  project  which  I  had  considered  before  in  my  mind  and  which 
I  think  I  had  already  mentioned  to  Dr.  A. — the  idea  of  going  to  the  Rockefeller  Insti- 
tute as  a  patient  for  experimental  investigation — to  submit  mj'self  to  the  Institute 
as  an  experimental  animal  to  do  with  whatever  thej-  desired.  My  reason  was  that 
by  this  plan  I  had  nothing  to  lose,  possibly  something  to  gain,  and  in  any  case,  science 
would  be  the  benefactor,  whereas,  under  other  conditions  perhaps  no  one  would 
derive  any  advantage  from  my  illness.  The  idea  of  going  to  the  Rockefeller  Institute 
seemed  to  appeal  to  both  Doctors  A.  and  D.  and  one  of  them  got  in  touch  with  the 
Institute  by  rapid  communication  to  find  out  what  the  possibilities  were.  As  fate 
would  have  it,  it  so  happened  that  Dr.  E.  who  would  have  been  the  chief  attraction 
for  me  to  go  to  New  York,  was  away  on  his  vacation.  So  also  was  Dr.  F.  and  also 
Dr.  G.  The  only  one  left,  I  gathered,  at  the  Institute  was  a  resident  who  was  none 
too  enthusiastic  about  accepting  the  responsibility  of  admitting  a  Fourth  Year 
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Harvard  Medical  Student  with  a  fatal  disease.  The  upshot  of  tiie  matter  was  that 
I  remained  in  Boston. 

"I  was  frequently  visited  in  the  hospital  by  a  classmate  of  mine  at  the  Medical 
School,  whose  17  year  old  sister  it  appears  had  about  a  month  before,  been  seized 
with  an  attack  of  streptococcus  meningitis  and  septicemia.  She  was  apparently 
dying  at  the  Massachusetts  Eye  and  Ear  Infirmary,  where  I  believe  they  had  never 
seen  a  recovery  from  such  a  combination  of  conditions.  Someone  at  the  time  sug- 
gested the  use  of  Pregl's  solution,  an  iodine  containing  preparation  used  intra- 
venously, and  to  the  surprise  of  all,  the  young  huly  recovered  with  this  therapy. 
I  understand  also  that  a  subsequent  such  case  was  similarly  cured  at  the  Infirmary. 
Naturally,  the  idea  suggested  itself  to  me  that  my  own  blood  stream  might  be  steri- 
lized by  a  similar  procedure.  I  advanced  the  proposition  to  Dr.  D.  who  was  willing 
to  try  it.  He  tried  the  Pregl's  in  doses,  of  the  exact  magnitude  of  which  I  am 
ignorant,  but  which  I  believe  ranged  around  30  cc,  and  these  injections  were  repeated 
at  daily  intervals  for  some  three  or  four  days.  The  temperature  curve  seemed  to 
show  some  reaction  to  the  drug,  and  at  one  time  there  seemed  to  be  a  definite  down- 
ward tendency  of  temperature,  l)ut  as  fate  would  have  it,  about  the  same  time 
occurred  the  first  of  my  splenic  infarcts  which  set  all  observations  topsy  turvy.  It 
so  happened,  however,  that  another  patient,  a  boy  about  17  years  old  in  the  ward, 
also  suflering  from  subacute  bacterial  endocarditis,  was  accorded  the  same  treat- 
ment, and  he  apparenth'  suffered  from  no  phenomena,  which  made  the  observation 
worthless,  and  although  his  temperature  also  showed  some  peculiar  reaction  to  the 
drug,  the  final  result  was  negative.  As  I  look  back  on  this  therapeutic  procedure, 
it  seems  only  logical  that  it  should  be  a  failure,  for  even  though  the  blood  stream  were 
sterilized  for  a  day  or  more,  as  soon  as  the  drug  was  out  of  the  system,  the  original 
focus  would  become  active  again,  and  the  disease  take  its  natural  course.  The 
splenic  infarct  which  interrupted  the  Pregl's  treatment  held  things  up  for  some 
time.  Things  gradually  returned  to  their  previous  status,  and  the  question  arose 
again  as  to  what  to  do.  It  was  suggested  by  Dr.  D.  at  this  time  that  the  use  of 
sodium  cacodylate  be  tried,  for  it  appears  that  someone  some  years  before,  reported 
some  six  or  eight  cases  cured  by  the  use  of  this  arsenical.  Sodium  cacodylate  was 
administered  intravenously  for  three  or  four  days  and  no  toxic  symptoms  supervened 
such  as  garlicy  odor  to  the  breath.  By  this  time  1  was  quite  reconciled  to  my  fate, 
but  nevertheless  was  continuously  seeking  new  treatment.  I  am  entirely  sincere 
when  I  say  that  I  sought  new  treatments  not  in  any  serious  endeavor  to  cure  the 
disease  or  prolong  my  life,  but  simply  to  satisfy  the  urge  that  something  be  done. 
The  psychological  factor  was  now  of  most  importance,  and  if  I  were  to  lie  in  bed 
much  longer.  I  needed  the  moral  satisfaction  of  having  something  done  to  me,  how- 
ever useless  it  might  be. 

"At  this  time  I  was  informed  by  one  of  the  post-graduate  students  of  the  appar- 
ently successful  use  of  polyvalent  anti-streptococcus  serum  in  cases  of  subacute 
bacterial  endocarditis.  It  seemed  the  next  logical  step  to  follow  up,  and  again  I 
secured  the  consent  of  Dr.  D.  to  try  this  treatment.  Skin  tests  for  protein  sensi- 
tivity were  performed,  and  to  my  disgust  were  found  to  be  highly  positive,  that  is, 
I  was  quite  sensitive  to  the  serum.  This  meant  that  I  should  have  to  become  desen- 
sitized, a  procedure,  the  discomfort  of  which  everj-  practicing  phj^sician  knows.  At 
any  rate  I  was  willing  to  submit  to  the  discomfort,  despite  the  assurance  of  Dr.  D. 
that  the  treatment  would  do  me  no  good.  Dr.  D.  did  his  best  to  discourage  me, 
so  it  seemed,  from  submitting  to  the  course  of  serum  inoculations  bj'  painting  to 
me  the  black  picture  of  serum  sickness  with  its  arthralgia  and  pruritus,  but  nothing 
daunted  me.  That  Sunday  afternoon,  for  it  was  on  Sunday,  we  began  the  serum 
treatments,  first  into  the  skin,  then  under  the  skin,  then  into  the  muscle,  finally  into 
the  vein." 
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Splenic  infarcts  and  observations  on  the  effects  of  morphine 

"One  of  the  most  dramatic  episodes  in  clinical  medicine  is  the  splenic  infarct  which 
occurs  in  mahgnant  endocarditis.  In  its  histrionic  appeal,  it  must  be  classed  with 
coronary  thrombosis,  acute  mesenteric  occlusion  and  postoperative  pulmonary 
embolism.  However,  at  least  from  the  basis  of  my  own  experience,  I  am  forced  to 
wonder  whether  the  splenic  infarct  is  exactly  what  the  older  clinicians,  such  as  Osier 
and  Janeway  have  described  it  to  be.  These  gentlemen  describe  the  splenic  infarct 
as  an  event  occurring  with  indescribable  suddenness  and  accompanied  by  intolerable 
pain.  If  I  remember  correctly,  Osier  remarks  that  an  embolus  to  the  spleen  may  be 
the  first  warning  and  only  sign  of  a  deep-rooted  ulcerative  endocarditis.  It  is  certain, 
no  matter  in  what  light  we  look  at  the  acuteness  of  the  infarct  that  the  possibility  of 
its  existence  should  be  always  considered  by  surgeons  in  making  a  differential  diagno- 
sis of  the  so-called  acute  abdomen. 

"It  is  my  impression  that  I  have  suffered  two  infarcts  of  the  spleen:  the  first 
occurred  several  weeks  ago  at  another  hospital,  and  it  might  be  worthwhile  to  say 
a  word  about  its  onset.  Its  onset  was  certainly  anything  but  vitally  acute.  At 
approximately  midnight  I  noticed  that  it  was  slightly  uncomfortable  for  me  to  lie 
on  my  left  side,  although  I  was  unable  to  localize  any  definite  discomfort.  One  or 
two  hours  later  it  became  uncomfortable  for  me  to  lie  on  my  back,  and  by  about 
3  o'clock  I  was  generally  uncomfortable.  At  4  o'clock  I  was  sitting  up  in  bed,  and 
it  became  apparent  to  the  night  nurse,  although  I  volunteered  no  information  to 
her  that  I  was  in  distress.  She  questioned  me  concerning  the  nature  of  my  discom- 
fort, and  I  explained  it  to  her  as  succinctly  as  I  could.  She  asked  me  whether  I 
wanted  her  to  call  the  House  Officer,  but  I  asked  her  not  to  for  several  reasons.  The 
main  reason  was  that  I  did  not  want  to  disturb  him  at  that  hour  of  the  night,  although 
I  felt  utterly  certain  that  he  was  regularly  awakened  for  much  less  justifiable  causes, 
nor  did  I  wish  to  give  any  one  the  impression  that  I  was  taking  undue  advantage  of 
my  status  as  a  medical  student  in  seeking  assistance — a  factor  which  often  moved 
me  in  a  similar  manner.  At  5  o'clock  the  pain  in  the  left  upper  quadrant  became 
intolerable. 

"The  diagnosis  of  a  splenic  infarct  in  this  case  was  not  absoluteh'  confirmed,  but 
there  can  be  no  doubt  of  its  correctness  even  though  no  friction  rub  was  heard  by 
the  visiting  man.  Diaphragmatic  pleurisy  was  ruled  out  on  general  principles, 
the  onh-  other  important  possibilitj'  remaining  being  a  renal  infarct  which,  of  course, 
I  feared  inestimably  more  than  a  splenic  infarct.  I  could  have  not  many  qualms 
about  losing  a  few  cubic  centimeters  of  an  organ,  which  physiologists  have  never 
found  too  much  use  for,  but  the  prospect  of  renal  infarct  brought  up  within  me 
visions  of  that  famous  party  of  uremia,  convulsions,  coma,  and  death.  It  was  with 
a  certain  amount  of  fear  that  I  observed  the  color  of  my  urine  in  those  daj-s  following 
that  infarct,  for  after  all  hematuria  would  have  clinched  the  diagnosis.  The  fact 
that  I  was  taking  a  variety  of  drugs  at  the  time,  mainlj-  soporifics  and  was  probably 
affected  with  hematoporphyrinuria,  made  the  diagnosis  of  gross  hematuria  not  an 
easy  one.  The  pain  of  this  embolic  phenomenon  disappeared  by  the  following  night, 
and  conditions  returned  essentially  to  what  they  were  previously'. 

"The  second  occasion,  in  which  I  am  forced  to  the  conclusion  that  my  spleen  has 
been  infarcted,  took  place  yesterda5^  Here  again  the  onset  of  the  whole  affair 
was  remarkably  similar  to  the  first  one.  There  was  no  suddenness  or  acuteness 
about  the  onset.  The  realization  was  only  gradually  forced  upon  me  that  I  had  again 
pain  in  the  left  upper  quadrant,  and  as  before,  the  pain  reached  its  maximum  inten- 
sity gradually  and  not  suddenly.  However,  in  this  second  case  the  pain  was  very 
much  more  severe  than  in  the  first,  and  it  was  very  comforting  to  me  in  my  agony 
that  1  had  such  medical  and  nursing  service  at  my  immediate  call  as  I  should  require. 
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It  was  absolutely  impossible  for  me  to  lie  down  in  any  position,  on  the  left  side,  on 
the  right  side,  or  on  the  back.  One  attempt  to  lie  on  the  right  side  caused  such  a 
piercing,  lancing  pain  in  the  region  of  the  spleen  that  I  was  left  with  a  fear  of  even 
turning  on  my  right  side  for  hours  afterwards.  It  was  a  pain  indescribable  in  its 
intensity.  It  was  impossible  for  mo  to  take  an  inspiration  of  any  appreciable  length. 
As  a  result,  my  respiration  increased  remarkably  both  in  fre(iucncy  and  shallowness 
and  with  it  my  pulse  rate.  The  fact  that  the  pain  has  been  lasting  more  than  the 
usual  amount  of  time  coiisid(>re(l  i)n)pcr  for  an  infarction  has  made  me  think  at  times 
that  the  seat  of  the  difficulty  might  have  been  a  very  rapid  enlargement  of  the  spleen. 
The  physical  examination,  as  well  as  other  considerations,  have  ruled  this  possi- 
bilit}-  out. 

"iMore  than  a  year  ago  I  delivered  obstetrically  twelve  women,  and  I  think  I  can 
truthfully  say  that  the  suffering  I  endured  in  the  last  two  days  or  so  is  certainly  no 
less  than  that  borne  by  perhaps  half  my  patients  on  district. 

"Since  this  note  was  written  the  pains  in  the  left  upper  quadrant  have  returned 
to  almost  their  previous  intensity— (Saturday  morning).  This  time  instead  of 
straight  morphine  we  tried  Schlesinger's  solution  hypodermicallv  which  I  believe 
contained  one-sixth  of  morphine  and  one-two  hundredth  of  scopolamine.  The 
amount  of  morphine  in  this  combination  was  obviously  too  small  to  affect  the  pain: 
in  fact,  I  was  still  not  able  to  lie  back  in  any  direction  but  through  the  use  of  two 
pillows  set  upon  a  cardiac  table  which  in  turn  was  set  before  me,  I  was  able  to  snatch 
a  few  minutes  of  sleep  here  and  there  over  a  period,  however,  not  exceeding  a  half 
hour.  In  short,  it  seenjpd  to  me  that  the  combination  of  scopolamine  and  morphine 
in  the  proportions  stated,  was  in  no  way  as  effective  as  the  straight  one-quarter  of 
morphine  to  which  I  had  been  accustomed. 

"It  seems  to  me  also  that  the  pain  in  the  region  of  the  spleen  is  intensified  not 
only  by  lying  in  any  direction,  but  by  drinking  fluids,  and  I  wonder  whether  this 
might  not  be  due  to  the  fact  that  even  the  slightest  distention  of  the  stomach  causing 
pressure  on  the  already  sensitive  spleen,  might  cause  an  additional  amount  of  pain, 
however  small,  the  spleen  being  one  of  the  anatomical  relations  of  the  stomach.  So 
far  as  I  know,  no  physical  sign,  such  as  a  friction  rub  has  yet  been  elicited  which 
definitely  proved  the  existence  of  the  splenic  infarct  although  increased  leucocytosis, 
I  believe,  has  put  in  its  appearance,  which  finding  takes  place  in  the  occurrence  of 
any  organic  infarction  including  that  of  the  heart. 

"I  felt  sure  that  I  was  going  to  collapse  momentarily  from  sheer  exhaustion  in- 
duced by  lack  of  sleep  and  the  intense  pain.  I  cannot  deny  that  I  had  visions  of 
the  end,  nevertheless,  I  knew  that  morphine  would  soon  take  the  edge  off  the  pain, 
at  least,  if  I  could  only  get  it  quickly  enough.  Thanks  to  the  foresight  of  my  phj'si- 
cians,  and  I  might  humbly  add,  perhaps  also  to  their  confidence  that  I  would  not 
abuse  the  privilege,  their  standing  orders  permitting  me  to  call  for  reasonable  doses 
of  morphine  within  proper  limits  of  time  as  I  should  find  it  necessary,  proved  a  great 
boon  in  these  daj^s.  I  utilized  this  privilege  comparatively  little  in  the  past,  but  was 
only  too  ready  to  ask  for  one-quarter  of  morphine  at  this  time  to  relieve  the  intense 
distress  which  was  gripping  me.  This  do.se  .seemed  to  take  the  edge  off  the  pain 
sufficiently  to  allow  me  to  lie  on  my  right  side  for  perhaps  ten  or  fifteen  minutes 
during  which  time  I  fell  readily  into  a  sleep  following  the  exhausting  experiences  of 
the  past  hours.  The  effect  of  the  drug,  however,  soon  wore  off,  and  I  was  forced 
to  seek  its  assistance  again,  and  perhaps  sooner  than  was  customary,  and  I  con- 
tinued, as  I  recall  it,  to  take  the  drug  most  of  the  time  orally  for  the  next  day. 

"It  has  been  my  own  personal  experience  with  morphine  that  it  is  just  as  effective 
taken  orally  as  parenterally.  On  the  other  hand,  I  feel  that  I  have  a  certain  para- 
doxical reaction  to  the  drug.  There  have  been  no  pleasant  subjective  reactions 
accompanying  its  use  such  as  one  might  suppose  might  be  present  from  the  stories 
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one  hears  or  reads  of  morphine  addiction.  Certainly  in  the  20  or  30  times  or  more 
that  I  have  had  hypodermic  administrations  of  the  drug,  I  have  experienced  no  sensa- 
tion or  other  reaction  which  would  urge  me  to  seek  its  fruits  again.  In  fact  often 
nausea  would  be  the  outstanding  contribution  of  the  drug  to  my  system,  not  to 
mention  again  those  cases  we  spoke  of  before  when  the  pain  of  the  injection  was  the 
major  contribution  thereof.  I  might  repeat  for  emphasis  that  whatever  pleasures 
maj'  be  inherent  in  cocaine  sniffing  or  in  opium  smoking,  the  God  of  Morpheus  has 
offered  very  little  to  tempt  me.  In  fact,  I  recall  vividly  now  a  time  when  I  was 
suffering  from  my  first  splenic  infarct  and  was  taking  morphine  rather  frequently 
when  I  expressed  a  fear  to  Dr.  H.,  who  very  kindly  happened  to  visit  me  at  this  time, 
that  I  might  become  an  addict.  He  very  intelligently  told  me  then,  that  the  present 
problem  was  to  remain  as  comfortable  as  possible  and  that  after  recovery,  we  could 
look  to  the  problem  of  the  morals  of  morphine  addiction,  should  the  problem  exist. 

"Splenectomy  has  been  recommended  in  the  literature  in  the  treatment  of  malig- 
nant endocarditis,  but  it  has  not  found  much  favor.  I  do  not  know  the  exact  ra- 
tionale behind  this  procedure,  but  it  must  have  a  decided  advantage  in  relieving 
the  patient  of  the  abominable  misery  accompanying  splenic  infarction.  On  the 
other  hand,  the  regularity  and  frequenej^  with  which  splenic  infarction  takes  place 
in  this  disease  causes  us  to  consider  the  spleen  a  locus  minoris  resistentiae :  and  we  can 
at  least  conceive  that  other  more  important  organs  of  the  body  would  undoubtedly 
be  the  recipients  of  the  emboli  which  would  have  gone  to  the  spleen,  had  it  been 
present. 

"In  conclusion  I  do  not  wish  to  leave  the  simple  impressioa  that  splenic  infarction 
does  not  occur  with  great  suddenness.  I  simply  think  that  it  is  nearer  the  truth 
to  say  that  maximum  intensity  of  the  pain  is  reached  in  a  comparatively  short  time 
as  opposed  to  its  instantaneous  occurrence.  Undoubtedly  there  might  be  much 
more  said  about  the  role  of  the  spleen  in  subacute  bacterial  endocarditis,  but  I 
think  I  shall  have  to  leave  the  subject  of  the  spleen  here  and  in  a  subsequent  note  go 
on  to  another  topic. 

"Indeed,  one  is  reminded  of  the  story  of  the  German  Professor  of  Physiology  who 
said:  'Gentlemen:  we  come  now  to  the  story  of  the  spleen.  We  know  nothing  of  the 
spleen.    So  much  for  the  spleen.    We  will  now  take  up  the  liver.'  " 

Extrasystoles 

"It  is  not  so  man}'  years  now  since  Sir  James  MacKenzie  pointed  out  to  the 
medical  profession  the  more  common  types  of  cardiac  arr\-thmias  and  especially  the 
prognostic  imports.  One  of  the  most  common  of  these  irregularities  of  the  heart 
beat  is,  of  course,  the  extrasystole  which  is  more  popularly  known  as  a  skipped  beat. 
It  was  MacKenzie  who  first  pointed  out  generalh'  the  harmless  nature  of  this  phe- 
nomenon, and  the  later  textbooks  have  taken  up  the  letter  which  MacKenzie  so  force- 
fully laid  down.  The  textbooks  and  the  later  writers  all  have  accepted  in  a  general 
way  MacKenzie's  dictum  as  to  the  favorableness  of  the  prognosis  accompanying 
extrasystoles,  and  they  all  mention  the  fact  that  the  chief  harm  inherent  in  the  extra- 
sj'stole  lies  in  the  discomfort  sometimes  caused  the  patient. 

"My  own  experience  with  extrasystoles  has  been  a  rather  long  and  varied  one. 
Extras3'stoles  in  myself  have  been  particularly  distressing  phenomena,  much  more 
so  than  one  would  glean  from  the  textbooks  and  from  the  manner  in  which  clinicians 
put  aside  the  average  patient's  complaint  as  to  skip  beats.  The  sensation  experi- 
enced by  me  in  the  presence  of  an  extrasystole  is  almost  indescribable.  It  will  be 
remembered  from  the  physiology  of  the  extrasystole  that  the  second  or  so-called 
compensatory  beat  sends  forth  not  only  the  amount  of  blood  which  would  be  emitted 
in  an  ordinarj'  ventricular  systole,  but  the  amount  which  the  ventricle  has  received 
during  the  so-called  compensatory  pause.    Xow,  when  we  consider  the  fact  that  in 
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aortic  regurgitation  the  left  ventricle  is  already  hypertropliied  and  dilated  in  its, 
shall  we  say,  normal  state  how  much  greater  must  be  the  output  when  we  consider 
the  fact  that  the  filling  time  has  been  jjrolonged  more  than  usual.  This  means  that 
the  impetus  or  the  violence  of  the  systolic  stroke  nuist  be  terrific,  and  certainly  that 
fact  is  reflected  in  the  patient's  system.  The  extrasystole  has  always  affected  me 
as  if  it  were  a  cannon  ball,  shot  point  blank  at  my  brain.  The  sensation  is  that  of  a 
terrific  explosion,  occurring  within  the  narrow  and  limited  confines  of  a  calcified 
skull,  which  refuses  to  yield  to  the  compressive  force.  It  is  like  an  irresistible  force 
against  an  immovable  object.  Most  of  the  time  I  am  helpless  before  it  and  simply 
wait  patiently  in  terror  until  the  ordeal  has  passed.  1  have  never  been  able  to  satisfy 
myself  as  to  why  I  never  suffered  the  sequelae  of  a  cerebral  accident  following  an 
extrasystole,  for  I  can  think  of  no  other  sensation  which  can  so  closely  simulate  break- 
ing of  any  blood  vessel  in  the  brain  without  doing  so.  I  cannot  say  with  any  defini- 
tiveness  that  there  are  any  special  factors  which  induce  the  extrasystole. 

"I  remember  one  particular  couch  in  a  house  in  which  I  lived  once:  and  it  seemed 
that  every  time  1  lay  down  on  that  couch  the  natural  consequence  would  be  a  flurry 
of  extrasystoles.  Xo  sooner  did  I  get  up  than  the  phenomena  ceased.  I  have  more 
recently  been  impressed  with  the  frequencj'  of  extrasystoles  following  the  adminis- 
tration of  morphine,  and  1  attributed  the  former  to  the  latter,  I  don't  know  with 
how  much  justification,  perhaps  it  was  just  a  case  posl  hoc  ergo  propter  hoc.  For  my 
own  satisfaction,  I  reasoned  in  the  following  way:  that  the  extras.ystoles  were  more 
productive  of  emboli  than  the  ordinary  ventricular  systole,  due  to  a  much  greater 
force  of  the  ventricular  beat  against  the  aortic  ring  with  its  vegetations.  This 
seemed  to  me  to  be  a  simple  matter  of  physics  which  required  no  explanation  or 
elaboration.  I  had  moreover  come  under  the  impression  that  morphine  caused  an 
increased  number  of  extrasystoles  in  my  case  due  perhaps  to  the  fact  that  it  had  a 
tendenc}-  to  slow  the  pulse  rate.  While  it  is  well  known  that  in  those  persons  sus- 
ceptible to  extrasystoles  the  latter  occur  with  much  more  facility  when  the  heart 
rate  is  slow  than  when  it  is  fast,  this  phenomenon  can  be  explained  with  more  or  less 
satisfaction  by  cardiac  physiologists.  So  far  as  my  own  case  was  concerned,  how- 
ever, I  had  to  deal  with  a  circle,  as  it  were.  Morphine  caused  extrasj-stoles,  extra- 
systoles caused  emboli,  more  emboli  recjuired  more  morphine,  and  so  the  merry  trio 
ran  its  course. 

"One  possibilitj'  of  breaking  up  this  ring  presented  itself  to  me,  that  was  a  pos- 
sible ingestion  of  quinine  sulphate  0.2  to  0.3  grams  t.i.d.  but  there  was  one  great 
drawback  to  even  this  solution.  I  had  some  months  ago  attempted  to  stop  a  series 
of  extrasystoles  through  the  use  of  quinine  sulphate,  and  the  night  following  the 
administration  of  the  drug,  I  was  seized  with  one  or  two  attacks  of  paroxysmal 
tachycardia.  The  latter  phenomenon  phased  me  not  at  all,  for  1  had  experienced 
them  before.  Moreover,  I  was  always  entirely  able  to  control  these  attacks  by  taking 
a  long  deep  inspiration  and  holding  it,  under  which  conditions  1  could  always  feel 
the  last  of  the  paroxj'smal  beats.  On  the  other  hand,  the  other  common  methods  of 
stopping  the  paroxj'smal  attack  were  never  successful  in  my  case.  I  had  even  at 
times  attempted  the  verj'  dangerous  exploit  of  exerting  double  vagal  pressure  against 
all  the  advice  of  famous  clinicians  and  authors,  but  this  procedure  neither  killed  me 
nor  stopped  my  attack  of  paroxysmal  tachycardia.  The  following  consideration 
entered  my  mind  in  the  present  case.  If  I  should  take  quinine  to  break  up  the 
series  of  extrasystoles,  and  if  my  previous  experience  should  be  repeated,  and  I  should 
be  again  affected  with  an  attack  of  paroxysmal  tachycardia,  how  could  I  stop  it? 
The  natural  answer  would  seem  to  be,  by  a  deep  inspiration,  but  it  must  not  be 
forgotten  that  during  this  time  I  was  undergoing  the  painful  tortures  of  splenic 
infarction,  and  I  had  all  I  could  do  getting  enough  air  into  my  system  through  a 
rapid  series  of  shallow  breaths.    Any  inspiration,  let  alone  one  which  could  be  held 
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which  would  have  the  slightest  effect  on  terminating  the  paroxysm,  was  as  far  from 
the  realms  of  possibility,  as  one  can  imagine.  The  upshot  of  the  whole  matter  was 
that  it  was  left  in  status  quo  ante  bellum  so  to  speak. 

"Since  the  splenic  attack  and  since  the  diminution  in  the  intake  of  morphine, 
the  number  of  extrasystoles  has  decreased  markedly;  so  has  the  number  of  emboUc 
phenomena.  I  cannot  prove  that  there  is  any  relation  existent  among  these  three 
things,  morphine,  extrasystoles,  and  emboli,  but  the  evidence,  both  therapeutic 
and  clinical,  is  verj'  strongly  suggestive. 

"There  are  certain  settings  in  medicine  in  which  the  wise  physician  does  not  dare 
to  take  lightly  the  word  of  the  patient  or  his  family.  When  the  mother  of  the  child 
with  intestinal  intussusception  tells  the  physician  that  the  child  has  never  before 
in  all  its  aches  and  pains  experienced  anything  like  the  present  distress,  the  physician 
will  not  lightlj'  cast  such  a  statement  aside.  The  patient  who  has  had  angina  for 
5'ears  will  not  be  slow  to  distinguish  an  attack  of  chronic  thrombosis  from  anything 
he  has  ever  suffered  in  the  past,  no  matter  how  painful.  In  like  manner,  patients 
with  common  difficulties,  will  often  discover  their  own  little  methods  of  relieving 
their  symptoms  without  assistance  of  the  physician.  The  patient  with  peptic  ulcer, 
discovers  the  healing  powers  of  sodium  bicarbonate.  The  patient  with  angina  dis- 
covers the  beneficial  effects  of  whiskey,  little  knowing  that  the  latter  contains  nitro- 
glycerine, etc. 

"Xot  so  long  ago  I  had  discovered  that  I  could  abort  the  worst  effects  of  the 
extrasj-stole  by  exerting  a  forced  expiration  at  the  time  when  I  felt  the  second  beat 
was  coming.  The  success  of  this  little  trick  has  been  very  encouraging  at  times  and 
often  I  have  felt  that  I  have  freed  myself  from  God  knows  what,  merely  by  breathing 
out  the  last  drop  of  breath  that  was  in  me  when  I  felt  the  extrasystole  coming. 
Once  or  twice  in  the  past,  I  have  tried  the  opposite  tactic  of  taking  a  deep  breath  and 
holding  it  when  I  expected  the  extrasystole.  In  these  cases  the  force  of  the  blow 
was  tremendously  exaggerated,  usualh'  striking  in  its  full  force  within  the  cranium, 
less  frequently  in  the  carotid  in  the  neck,  but  always  in  pistol-shot  fashion.  I  have 
no  doubt  that  the  physiology  of  these  various  mechanisms  can  be  verj-  easily  worked 
out  in  terms  of  filling  of  the  left  ventricle  and  related  factors." 

Clubbing  of  the  fingers 

"Clubbing  of  the  fingers  has  long  gone  under  the  very  pretentious  name  of  hyper- 
trophic pulmonary  osteo-arthropathy.  It  is  said  to  be  an  outstanding  sign  in  all 
thoracic  infections  and  perhaps  in  a  few  others.  The  mechanism  of  the  process  is 
not  clear.  Although  at  various  times  within  the  past  two  or  three  years,  I  had  sus- 
pected that  my  fingers  had  taken  on  a  clubbed  aspect,  I  could  never  be  sure.  It 
was  one  of  those  cases  in  medicine  where  one  might  say  that  if  the  sign  was  not 
definite,  it  was  absent.  The  shape  of  the  normal  finger  is  so  varied  an\-how,  that 
it  does  not  take  much  persuasion  one  waj'  or  another  to  convince  one  that  abnor- 
malities of  form  are  present.  The  remarkable  point  which  I  wish  to  bring  out  here 
is  that  I  can  almost  saj'  that  I  saw  at  least  two  of  my  fingers  becoming  clubbed  under 
my  own  ej'es.  I  can  almost  name  the  daj-  when  the  process  began,  and  this  was 
about  five  weeks  after  the  diagnosis  was  made.  The  first  thing  I  observed  was  a 
gradual  dropping  away  of  the  fleshy  part  of  the  nail,  just  as  dying  lilies  have  a  certain 
reputation  for  drooping.  In  the  meantime,  the  nail  had  become  more  nearly  square 
in  shape,  although  more  round  whether  lateral  or  longitudinal  was  remarked.  This 
process  has  taken  place  most  notedly  in  the  middle  fingers  of  both  hands,  and  there 
have  been  only  suggestions  of  the  same  in  other  fingers.  Together  with  the  squaring 
of  the  nail,  it  appears  that  there  has  been  some  change  in  the  direction  of  the  growth. 
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SO  that  it  appears  perhaps  that  instead  of  growing  absolutely  straight  out,  it  takes 
a  somewhat  devious  course.  There  has  been  no  particularly  marked  bulbous  enlarge- 
ment of  the  finger  tip  or  other  characteristics  associated  with  clubbed  fingers  which 
have  been  so  carefully  reviewed  in  the  German  and  American  literature.  There  is 
no  reason  to  believe  that  these  changes  arc  not  in  the  process  of  development.  The 
curious  observation  is  that  the  two  forefingers  which  most  resemble  clubbed  fingers, 
have  in  truth  undergone  practically  no  change  since  the  beginning  of  the  disease, 
but  have  alwaj's,  so  far  as  I  can  remember,  possessed  the  same  shape.  Possibly, 
there  has  been  some  deviation  in  the  direction  of  growth  in  the  nail." 

COMMENT 

The  case  of  A.  S.  R.  is  a  classical  instance  of  subacute  bacterial  endo- 
carditis in  which  an  unusual  combination  of  factors  made  it  possible  to 
obtain  complete  information  on  the  disease.  The  observations  reported 
gh  e  a  correlated  account  of  the  subjective  reactions  as  well  as  of  the  sj^mp- 
toms,  signs,  and  structural  characteristics  of  the  disease. 

A.  S.  R.  was  a  somewhat  high-strung,  emotional  and  ambitious  person. 
His  original  home  environment  was  culturally  simple  and  economically 
poor,  and  throughout  his  educational  career  he  had  to  overcome  handicaps. 
His  economic  and  physical  handicaps  were  incentives  to  achievement  and 
success.  To  him,  achievement  essentially  meant  a  denial  of  his  handicaps. 
In  considering  his  psychologic  reactions  it  is  of  interest  that  before  the 
diagnosis  of  his  disease  fears  and  conflicts  were  uppermost,  but  after  the 
diagnosis  was  established,  he  took  a  certain  amount  of  relief  and  com- 
pensator^'  satisfaction  in  objectivity  toward  his  phj'sical  state.  It  is  not 
unusual  to  find  patients  attempting  to  solve  their  anxiety  by  means  of 
intellectualization.  Even  during  this  stage  of  apparent  objectivity,  how- 
ever, emotionally  A.  S.  R.  Avas  \\-illing  to  try  any  method  of  treatment. 
"By  this  time  I  was  quite  reconciled  to  my  fate,  bvit  nevertheless  was 
continually  seeking  new  treatment.  I  am  entirely  sincere  when  I  say  that 
I  sought  new  treatments  not  in  any  serious  endeavor  to  cure  the  disease 
or  prolong  my  life,  but  simply  to  satisfy  the  urge  that  something  be  done. 
The  psychological  factor  was  now  of  most  importance,  and  if  I  were  to  be 
in  bed  much  longer,  I  needed  the  moral  satisfaction  of  having  something 
done  to  me,  however  useless  it  might  be."  This  attitude  is  considered  an 
expression  of  his  underlying  and  apparently  intellectually  compensated 
anxiety.  Translated  into  another  concept,  one  may  say  that  once  his  ego 
was  threatened,  emotionally  he  was  Avilling  to  identify  himself  with  any 
symbol  of  hope  or  courage.  Later  as  his  disease  progressed,  his  suppressed 
fears  returned  to  the  surface  uith  increasing  frequency,  and  ultimately 
reactions  of  panic  occurred.  During  this  pei'iod  of  his  disease  loneliness 
was  tolerated  with  increasing  difficulty.  Fears,  impatience  and  mental 
depression  could  be  best  alleviated  not  by  drugs  but  by  the  constant  sym- 
pathy and  encouragement  of  nurses  and  physicians,  who.se  symboHc  sig- 
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nificance  increased  with  the  fuller  realization  of  the  gravity  of  the  medical 
situation.  In  other  words  the  psychologic  mechanisms  operating  to  con- 
trol his  anxiety  failed  eventually.  Regression  to  more  infantile  levels  of 
demanding  attention,  sympathy  and  comfort  became  more  and  more 
apparent  as  his  disease  progressed.  Thus  the  emotional  reaction  of  A.  S.  R. 
to  subacute  bacterial  endocarditis  was  not  fundamentally  different  from 
that  of  any  other  person  suffering  from  a  hopeless  disease. 

Subacute  bacterial  endocarditis  represents  a  particularly  difficult  task 
in  psychotherapeutic  management,  because  frequently,  notwithstanding 
the  progression  of  the  disease,  the  psyche  remains  remarkabh'  clear. 


CESSATION  OF  REPEATED  PULMONARY  INFARCTION  AND 
OF  CONCiESTI\E  FAILURE  AFTI^l  TERMINATION  OF 
AURICULAR  FIBRILLATION  BY  QUINIDINE  THERAPY 

PAUL  D.  WHITE,  M.D.,  and  HERRMAX  L.  BLUMGART,  .M.D. 

[From  the  Medical  Services  of  the  Massachusells  General  Hospital  and  the  Beth  Israel 
Hospital,  and  the  Department  of  Medicine,  Harvard  Medical  School,  Boston] 

Marked  congestive  failure,  serious  organic  heart  disease,  active  rheumatic 
infection  and  evidence  of  embolism  are  generally,  and  (juite  correctly, 
regarded  as  contraindicating  the  use  of  quinidine  in  the  treatment  of 
Ijatients  with  auricular  fibrillation.  In  the  cases  described  below,  the 
administration  of  quinidine  was  undertaken  despite  these  generally  ac- 
cepted contraindications  and  was  followed  by  abrupt  and  striking  clinical 
improvement  with  retiu'n  to  normal  rhythm.  In  one  case  the  improvement 
has  persisted  to  the  time  of  writing  and  in  the  other,  in  which  c^uinidine  was 
probably  life-saving  at  the  moment,  the  patient  survived  nearly  three  years 
before  eventual  death  from  his  circulatory  disease. 

CASE  REPORTS 

Case  1.  History  (Adm.  29019).  B.  C,  an  American  housewife,  49  years  of  age, 
entered  the  Beth  Israel  Hospital  on  November  6,  1935,  because  of  breathlessness, 
pain  in  the  chest,  jaundice  and  swelling  of  the  legs. 

Her  father  hud  died  of  "heart  trouble"  at  the  age  of  68:  one  brother,  51,  was  known 
to  have  had  rheumatic  heart  disease  during  the  preceding  15  years. 

Nine  years  before  entry  to  the  hospital,  the  patient,  shortly  after  attempting  to 
lose  weight  by  diet  and  thyroid,  noted  the  onset  of  redness,  tenderness  and  swelling 
of  various  joints.  This  migratory  polyarthritis  persisted  for  appro.ximately  three 
months.  During  approximately  five  years  before  entry  to  the  hospital,  she  occasion- 
ally suffered  from  attacks  of  paroxysmal  nocturnal  dyspnea  and  on  several  occasions 
noted  swelling  of  the  lower  extremities.  Ten  weeks  before  entry,  the  patient  felt 
cold  and  "grippy,"  developed  a  sore  throat  and  soon  thereafter  noted  pain,  redness 
and  swelling  of  various  joints  similar  to  that  present  nine  years  previously.  Along 
with  persistence  of  pain,  redness  and  tenderness  of  the  joints,  the  jiatient  showed 
progressively  higher  temperature,  ranging  from  101°  to  103°F.,  became  more  dyspneic 
and  suffered  from  occasional  attacks  of  breathlessness,  accompanied  by  sharp  pains 
in  the  chest  aggravated  on  inspiration,  orthopnea,  marked  palpitation,  and  cough 
productive  of  sputum,  occasionally  blood  tinged.  From  time  to  time  during  this 
illness,  the  cardiac  rhythm  was  absolutely  irregular  for  periods  lasting  several  hours 
to  a  day. 

Examination.  The  patient  appeared  seriously  ill.  She  was  orthopncic:  the 
skin  was  warm  and  moist.  Respirations  were  shallow,  labored  and  rapid.  Examina- 
tion of  the  eyes,  cars,  nose,  mouth  and  neck  revealed  no  abnormalities,  except  venous 
engorgement  of  the  jugular  veins  and  icteric  sclerae  and  skin.  Examination  of  the 
chest  showed  dulness  at  both  bases  posteriorly.    .\  pronounced  friction  rub  was  heard 
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at  the  left  base  anteriorly  and  at  the  left  axilla.  Numerous  moist  rales  were  audible 
at  both  bases.  The  heart  was  moderately  enlarged.  At  the  apex  the  first  sound 
was  snapping,  followed  by  a  moderately  rough  systolic  murmur  and  a  rumbling  mid- 
diastolic murmur.  A  diastolic  murmur,  decrescendo  in  character,  was  heard  follow- 
ing the  second  aortic  sound  and  was  loudest  at  the  third  interspace  immediately  to 
the  left  of  the  sternum.  The  blood  pressure  was  110  systolic  and  70  diastolic.  At 
the  time  of  admission  the  heart  was  regular  in  rhythm.  Examination  of  the  abdomen 
was  unsatisfactory;  no  abnormal  masses  were  palpable.  Moderate  pitting  edema 
of  both  legs  was  present,  extending  up  to  the  knees.  The  temperature  on  admission 
was  102.2°F.,  the  heart  rate  was  104  and  respirations  were  43  per  minute. 


ABC 
Fig.  1.  A)  Electrocardiogram  of  Case  1,  B.  C,  Xo%'ember  15,  1935,  showing 
auricular  flutter  with  4:1  block.    Auricular  rate,  332;  ventricular  rate,  83.  Note 
the  wide  S  waves  in  Lead  I  in  this  and  the  succeeding  two  figures  (indicative  of 
bundle  branch  block).    Lead  IV  has  polarity  the  reverse  of  the  present  rule. 

B)  Electrocardiogram  of  B.  C,  November  16,  1935,  showing  auricular  fibrillation 
with  ectopic  ventricular  beat  in  Lead  III. 

C)  Electrocardiogram  of  B.  C,  November  3,  1936,  showing  normal  rhythm,  rate 
80,  and  normal  auriculoventricular  conduction. 

Laboratory  Data.  The  red  blood  count  wa.s  4,210,000;  the  white  blood  count  was 
17,850;  the  hemoglobin  was  70  per  cent.  There  were  78  per  cent  pohTUorphonuclear 
leucocytes,  18  per  cent  lymphocytes,  and  4  per  cent  large  lymphocytes.  Examination 
of  the  smear  showed  moderate  changes  in  size  and  shape  of  the  red  blood  cells.  Ex- 
amination of  the  urine  revealed  a  very  slight  trace  of  albumin  and  a  slightest  possible 
trace  of  bile,  no  red  blood  cells,  no  sugar.  Examination  of  the  blood  showed  an 
icteric  index  of  20;  a  quantitative  Van  den  Bergh  showed  2.4  mg.  per  100  cc. 

The  diagnoses  were  active  rheumatic  fever;  rheumatic  heart  disease  with  mitral 
stenosis  and  aortic  regurgitation;  paroxysmal  auricular  fibrillation;  pulmonary  in- 
farction; congestive  heart  failure. 
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Course.  During  the  first  two  weeks  of  the  patient's  stay  in  tiie  hospital,  the 
cHnieal  course  was  stormy.  Auricular  fibrillation  became  established  instead  of 
being  intermittent.  An  abscess  which  had  developed  from  the  previous  hypodermic 
injection  was  drained  on  the  fourth  hospital  day,  but  the  patient's  temperature  con- 
tinued to  be  elevated  to  approximately  102.6°F.  Respirations  were  labored.  Icterus 
became  more  pronounced  and  almost  every  day  the  patient  had  episodes  of  severe, 
stabbing  pain  in  various  parts  of  the  chest  and  raised  sputum  which  was  occasionally 
bloody.  Friction  rubs  were  heard  from  time  to  time.  Evidences  of  congestive 
failure  increased.  X-ray  examinations  of  the  chest  showed  changes  consistent  with 
pulmonary  infarction. 

The  increased  jaundice  and  evidences  of  congestive  failure,  together  with  the 
findings  on  physical  examination,  indicated  that  the  patient's  condition  was  critical 
and  the  prognosis  poor.  It  was  felt  that  the  repeated  pulmonary  infarcts  were 
largely  responsible  for  the  progressive  downward  course.  Electrocardiographic 
tracings  taken  before  the  administration  of  quinidine  at  times  showed  auricular 
flutter,  4:1  block,  with  auricular  rate  of  332  and  ventricular  rate  of  "83  (fig.  lA),  and 
at  times  auricular  fibrillation  (fig.  IB).  It  was  realized  that  the  chances  for  the 
patient's  recovery  were  slight,  but  that  it  might  be  possible  to  avert  further  pul- 
monary infarction  by  restoring  the  patient's  heart  to  regular  sinus  rhythm  by  the 
administration  of  quinidine.  The  danger  of  loosening  thrombi  by  such  action  was 
clearly  recognized  and  the  dangers,  as  well  as  the  possible  benefit,  were  explained 
to  the  family.  With  the  consent  of  the  family,  quinidine  was  administered  on 
November  18,1935,  in  doses  of  three  grains  every  six  hours,  and  then  three  grains 
every  four  hours.  Digitalis  in  doses  of  0.1  or  0.2  grams  daily  had  been  given 
during  the  preceding  twelve  days  and  was  continued.  The  auricular  fibrillation 
ceased  on  the  first  day  of  treatment  with  quinidine,  and  the  clinical  course  became 
more  favorable.  Further  evidences  of  pulmonary  infarction  no  longer  appeared. 
Except  for  three  days  in  which  the  temperature  rose  to  101°F.  and  at  one  time  to 
103°F.,  the  patient  made  an  uneventful  convalescence.  Evidences  of  congestive 
failure  gradually  subsided  and  she  was  discharged  on  December  15,  1935,  quinidine 
having  been  discontinued  five  days  previously. 

From  that  time  until  the  present,  approximately  five  and  one-half  years,  the 
patient  has  felt  entirely  well,  has  been  ambulatory,  has  maintained  normal  sinus 
rhythm  (fig.  IC)  has  had  no  recurrence  of  acute  rheumatic  fever  and  leads  a  life 
somewhat  restricted  but  active,  avoiding  any  strenuous  exertion. 

Case  2.  History.  J.  L.,  a  schoolboy,  19  years  old,  entered  the  Massachusetts  Gen- 
eral Hospital  on  February  28.  1935,  for  the  treatment  of  uncontrolled  tachycardia 
(rate  150),  absolute  cardiac  arrhythmia  and  congestive  failure  (as  shown  by  orthop- 
nea, increased  jugular  pulse  and  engorged  liver),  apparently  set  off  by  rheumatic 
fever  complicating  chronic  rheumatic  heart  disease  with  marked  cardiac  enlarge- 
ment, aortic  regurgitation  and  mitral  stenosis  and  regurgitation. 

He  had  rheumatic  fever  for  the  first  time  in  the  late  fall  of  1924  when  he  was  nine 
years  old  and  because  of  the  persistence  of  this  infection  he  visited  the  Children's 
Heart  Clinic  of  the  Out-Patient  Department  of  the  Massachusetts  General  Hospital 
in  the  late  spring  of  1925.  For  nearly  two  years  he  had  almost  continuously  active 
rheumatism:  for  part  of  the  rest-treatment  he  spent  five  months  at  the  House  of  the 
Good  Samaritan  in  the  fall  and  winter  of  1925  to  1926.  The  infection  left  him  with  a 
badly  damaged  heart,  but  from  1926  to  1934  he  was  in  a  fair  state  of  health,  attending 
school  and  quietly  active  without  symptoms. 

In  November,  1934,  he  had  a  mild  respiratory  infection  following  which  he  began 
to  suffer  from  palpitation  consisting  of  frequent  bouts  of  irregular  racing  of  his  heart. 
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Digitalis  therapy  was  started  and  continued  in  the  dosage  of  I5  to  3  grains  daily. 
Nausea  and  vomiting  occurred  occasionally  and  early  in  December  he  coughed  up 
about  half  an  ounce  of  bright  red  blood:  two  weeks  later  there  was  a  similar  small 
hemoptysis.  For  the  next  two  months  he  lived  a  miserable  existence,  much  of  the 
time  in  bed,  troubled  chiefly  by  the  palpitation  which  finally  became  continuous  for 
some  weeks  before  hospital  admission  on  February  28,  1935.  He  also  suffered  from 
weakness,  an  upset  stomach  and  frequent  orthopnea.  In  January,  because  of  the 
very  rapid  heart  rate  (160  to  180),  6.0  cc.  of  digalen  were  given  intravenously  and  re- 
peated; the  heart  rate  dropped  temporarily,  but  vomiting  ensued,  the  drug  had  to  be 
stopped  for  a  while,  and  the  heart  rate  rose  quickly  again,  auricular  fibrillation 
persisting. 

Examination.  He  had  a  mouth  temperature  of  100. 8°F.,  an  irregular  heart  rate 
of  about  150,  and  a  respiratory  rate  of  26  per  minute.    The  cardiac  apex  impulse  was 
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Fig.  2.  Electrocardiogram  of  J.  L.,  March  1,  1935  showing  auricular  fibrillation 
with  uncontrolled  ventricular  rate  averaging  155,  right  axis  deviation,  with  sagging 
S-T  segments  in  Lead  I,  and  inverted  T  waves  in  Leads  II  and  III.  Time  equals 
0.2  and  0.1  second. 

forceful  and  tumultuous  in  the  seventh  intercostal  space,  mid-axillary  line.  There 
were  loud  aortic  systolic  and  diastolic  murmurs  and  moderately  loud  mitral  sj'stolic 
and  mid-diastolic  murmurs.  The  blood  pressure  was  154  systolic  and  20  diastolic. 
The  jugular  pulse  was  increased.  The  lungs  were  clear.  The  liver  was  enlarged 
(the  tender  edge  felt  three  finger-breadths  below  the  costal  border).  There  was  no 
edema  of  the  legs  or  clubbing  of  the  fingers.    Xo  rheumatic  nodules  were  found. 

Laboratory  data  showed  leucocytosis  (at  first  21,400,  dropping  after  a  few  days 
to  18,540  and  again  in  another  week  to  11,400),  normal  red  blood  cell  count  (5.2  mil- 
lion) and  hemoglobin  (80  per  cent),  rapid  sedimentation  rate,  normal  urine  and 
stools,  negative  Hinton  reaction,  normal  basal  metabolic  rates  (repeated  several 
times),  and  auricular  fibrillation  by  electrocardiogram  (fig.  2). 

We  expressed  the  following  opinion  at  that  time:  "The  problem  is  that  of  control 
of  the  ventricular  rate  which  has  responded  little  or  not  at  all  to  large  doses  of  digi- 
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Fig.  3.  Electrocardiogram  of  J.  L.,  March  3,  1935,  showing  normal  rhythm  with 
prolonged  P-R  intervals  at  a  heart  rate  of  80  with  slightly  aberrant  or  very  late 
premature  ventricular  complexes  every  third  beat  in  Leads  I  and  II,  moderate  right 
axis  deviation  with  low  T,,  and  dii)hasic  T,  and  T.,.  Record  of  standardization  is 
shown  at  the  left  of  each  lead. 
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Fig.  4.  A)  Electrocardiogram  of  J.  L.,  Decemlter  20,  1935,  showing  normal  rhvthm 
at  a  rate  of  80,  right  axis  deviation,  and  large  P  waves  in  Leads  II  and  III. 

B)  Electrocardiogram  of  J.  L.,  December  20,  1937,  showing  a  return  to  auricular 
fibrillation  but  with  a  fairly  well  controlled  ventricular  rate  averaging  about  100. 

talis  at  home.  .\lso  quinidine  in  small  to  moderate  dosage  was  ineffective  at  home. 
He  has  been  referred  to  the  hospital  for  further  trial  of  quinidine  in  larger  dosage  or 
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more  effective  digitalization  or  both.  It  is  difficult  to  know  whether  he  has  had  too 
much  digitahs  or  not — his  nausea  and  inverted  T  waves  (of  electrocardiogram)  sug- 
gest that  he  has  digitalis  intoxication.  On  the  other  hand,  some  of  the  nausea  may 
be  due  to  his  gastrointestinal  and  hepatic  congestion.  I  would  advise  quinidine 
sulphate  six  grains  every  two  hours  for  five  to  seven  doses  daily  for  a  few  days  until 
normal  rhythm  is  restored,  'toxic'  signs  appear,  or  failure  of  this  therapy  is  evident. 
It  will  be  as  well  to  omit  the  digitalis  for  a  day  or  two  during  the  quinidine  therapy. 
Whj'  the  heart  rate  is  so  high  and  uncontrollable  is  not  clear,  but  active  rheumatic 
infection  may  explain  it  (he  has  leucocytosis  and  some  fever)." 

Course.  On  the  daj'  of  entrance  to  the  hospital,  he  received  six  grains  of  digitalis 
without  any  beneficial  effect.  The  next  day,  March  1,  and  again  on  March  2,  he 
received  30  grains  of  quinidine  sulphate  in  five  doses  of  six  grains  each  (at  two  hour 
intervals)  each  day. 

On  IMarch  3  he  showed  normal  rhythm  at  a  heart  rate  of  90,  interrupted  by  fre- 
quent late  ventricular  premature  beats  (fig.  3).  The  P-R  interval  was  prolonged 
(0.22  second).  There  was  moderate  right  axis  deviation  hy  electrocardiogram,  with 
low  T  waves  in  Lead  I,  diphasic  T  waves  in  Lead  II,  and  inverted  T  waves  in  Lead  III. 

He  at  once  felt  much  more  comfortable,  and  within  a  few  da3-s  practically  all  his 
sj^mptoms  had  subsided  along  with  the  evidence  of  his  congestive  failure,  although 
active  rheumatism  was  thought  still  to  be  present.  He  was  discharged  home,  greatly 
improved,  on  March  17, 1935,  to  continue  rest-treatment  and  daily  rations  of  quinidine 
sulphate  (3  grains  four  times  dailj')  and  of  digitalis  (1^  grains  once  daily). 

The  normal  heart  rhythm  persisted  (fig.  4A),  except  for  occasional  short  paroxysms 
of  tachycardia,  until  1937  despite  the  occurrence  of  left  hemiplegia,  due  doubtless  to 
cerebral  embolism,  in  December,  1935.    He  was  left  with  a  paralj'zed  left  hand. 

Auricular  fibrillation  recurred  during  the  summer  of  1937,  over  two  years  following 
its  abolition  by  quinidine :, it  persisted  thereafter,  but  in  the  absence  of  active  rheu- 
matism the  heart  rate  was  fairly  well  controlled  by  digitalis  (fig.  4B). 

Early  in  November,  1937,  when  he  was  nearly  22  j-ears  old,  he  caught  cold;  a  few 
weeks  later  he  began  to  be  troubled  by  dj^spnea  and  for  the  first  time  by  edema  of  the 
ankles.  He  reentered  the  hospital  on  December  18,  1937,  with  congestive  heart 
failure,  doubtless  precipitated  by  active  rheumatism.  Six  daj's  later,  while  ap- 
parently improving,  he  was  suddenly  taken  seriously  ill  with  some  complication,  the 
nature  of  which  was  not  clear  but  which  was  thought  to  have  been  mesenteric  em- 
bolism because  of  the  onset  with  severe  pain  in  the  region  of  the  umbilicus.  Fever, 
tachycardia  and  coma  quickly  developed  and  he  died  the  next  day.  Permission  for 
autopsy  was  not  obtainable. 

DISCUSSION 

The  striking,  if  not  unique,  experience  exemplified  by  the  first  case  serves 
to  emphasize  certain  general  considerations  which  are  of  clinical  interest. 
The  frequency  of  puhnonary  embolism  and  infarction  is  evidently  greater 
than  was  formerly  appreciated  (3) ;  cases  similar  to  ours  ma}'  be  encountered 
more  frequently  in  the  future. 

The  hazard  of  employing  quinidine  under  such  circumstances,  while 
definite,  cannot  be  accurately  evaluated.  Dr.  B.  S.  Oppenheimer,  it  is 
pleasant  to  recall,  in  his  paper  on  "Results  with  Quinidine  in  Heart 
Disease,"  stated  in  1922  (1): 

".  .  .  we  think  that  the  increased  danger  from  embolism  during  the  transition  from 
fibrillation  to  coordinate  auricular  contractions  has  been  somewhat  exaggerated. 
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During  the  course  of  auricular  fibrillation,  embolic  phenomena,  more  particularly 
cerebral  embolism,  arc  not  rare.  Indeed,  we  have  had  two  patients  who  durinp;  the 
course  of  auricular  fibrillation  had  hemiplegia  apparently  due  to  emboli;  but  both 
subsequently  responded  to  quinidine  by  a  change  to  siinis  rhythm  without  suffering 
from  a  recurrence  of  symptoms  of  embolism,  cither  during  or  after  the  transition." 

Other  authors  (4,  5,  ti,  7)  have  in  the  years  since  1922  administered  (juini- 
dine  to  patients  with  previous  cerebral,  brachial  or  femoral  emboli  without 
precipitating  fresh  embolism,  the  patients  thereafter  having  followed  an 
uneventful  clinical  course.  The  situation  has  recently  l)een  ably  sum- 
marized by  Smith  and  Boland  (4)  as  follows: 

"It  probably  is  not  advisable  to  attempt  to  establish  normal  rhythm  with  quinidine 
in  any  case  of  severe  congestive  heart  failure.  There  is  a  group,  however,  which  wc 
believe  is  an  exception  to  this  statement.  In  this  group  the  patients  have  consider- 
able heart  disease  with  varying  amounts  of  heart  failure  and  emboli  continue  to  form. 
These  emboli  may  be  cerebral,  pulmonary  or  may  occur  in  the  peripheral  vessels. 
In  this  group  of  cases  we  believe  that  one  is  justified  in  taking  a  greater  risk  to  estab- 
lish normal  rhythm.  The  patients  are  less  likely  to  have  emboli  if  normal  rhythm 
can  be  restored."' 

Sokolow  (2)  has  recently  reported  a  cavse  which  in  certain  respects  is 
similar  to  ours.  A  middle-aged  man  had  suff(Med  from  at  least  three  and 
possibly  from  five  peripheral  emboli  in  the  arms  and  legs.  Three  additional 
incidents  occurred  during  five  weeks  of  observation  in  the  hospital.  After 
weighing  the  risks,  quinidine  therapy  was  instituted,  normal  rhythm  was 
restored,  and  an  uneventful  satisfactory  covuse  was  observed  for  at  least 
eight  months.    This  led  the  author  to  conclude, 

"Our  experience  in  this  case  suggests  that  when  a  patient  has  auricular  fibrillation, 
repeated  emboli  and  a  good  mj'ocardial  function  and  life  expectancy,  serious  con- 
sideration should  be  given  to  the  possibility  that  cpiinidinc  may  reestablish  normal 
auricular  activity  and  diminish  the  likelihood  of  further  emboli.  If  the  hazard  when 
untreated  is  considerable  and  the  benefits  to  be  gained  are  many,  therapeutic  risk 
may  be  justifiably  taken." 

Our  second  case  was  of  much  interest  also  and  represented  a  somewhat 
simpler  and  more  common  problem  than  that  encountered  in  oiu"  first 
case,  namely,  inability  to  maintain  myocardial  sufficiency  in  the  presence 
of  an  uncontrollable  heart  rate  when  auricular  fibrillation  is  present.  Fac- 
tors of  infection  or  infarction  or  of  other  nature  which  are  responsible  for 
a  difficulty  or  impossibility  of  control  of  the  ventricular  rate  in  auricular 
fibrillation  are  also  responsible  for  an  increa.se  in  heart  rate  in  normal 
ihythm,  but  rarely  does  such  a  heart  rate  run  as  high  as  that  in  the  case 
of  auricular  fibrillation  under  the  same  stimulus  (8) ;  that  was  particularly 
true  in  the  case  we  have  cited  above.    Hence,  in  such  an  emergency  as  that 

'  The  authors  of  the  present  paper  believe  that  there  is  still  another  exception 
to  the  statement  at  the  beginning  of  this  quotation,  namely  when  the  heart  rate  is 
very  rapid,  as  in  our  Case  2. 
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presented  hy  our  second  case,  it  is  not  only  justifiable  but  in  fact  even  im- 
perative to  run  the  risk  of  injury  by  quinidine  in  order  to  restore  "cardiac 
compensation"  and  perhaps  to  save  life. 

There  are  two  other  points  of  incidental  interest  in  Case  2.  The  first  Is 
the  possibility  that  pulmonary-  embolism  itself  occurred  a  few  times  shortly 
after  the  onset  of  fibrillation  in  the  late  fall  of  1934,  for  as  noted  in  the 
history,  there  were  episodes  of  hemoptysis;  the  double  argument  might 
thus  here  be  given  for  restoration  of  normal  rhythm,  namely,  both  that  of 
restoring  cardiac  compensation  and  that  of  avoiding  pulmonarj'  embolism 
as  in  Case  1.  The  second  point  concerns  the  occurrence  of  cerebral  em- 
bolism in  this  case  when  the  rhythm  was  normal.  It  is,  to  be  .sure,  more 
common  to  have  embolic  phenomena  in  the  presence  of  auricular  fibrilla- 
tion, but  in  rheumatic  heart  disease  with  normal  rhythm  peripheral  em- 
bolism is  by  no  means  rare. 

Such  experience  as  ours  under  circumstances  where  life  expectancy  was 
doubtful  suggests  the  advisability  of  seriously  considering  the  administra- 
tion of  quinidine,  even  under  circumstances  where  the  hazard  is  admittedly 
great.  Under  such  exceptional  circumstances,  the  prior  occurrence  of 
embolization,  or  of  congestive  failure  due  to  uncontrolled  tachycardia, 
may  be  considered  indications  rather  than  contraindications  for  the  ad- 
ministration of  quinidine. 

SUMMARY 

Dr.  B.  S.  Oppenheimer  (1),  in  1922,  in  his  paper  on  "Results  with  Quini- 
dine in  Heart  Disease,"  desciibed  his  experience  with  two  patients  who, 
during  the  course  of  avuicular  fibrillation,  had  hemiplegia  due  to  emboli. 
Both  subsequently  responded  to  quinidine  by  a  change  to  sinus  rhj-thm 
without  suffering  from  a  recurrence  of  sjTnptoms  of  embolism,  either  during 
or  after  the  treatment. 

In  further  development  of  this  same  theme,  we  have  herewith  reported 
two  {patients  in  whom  the  administration  of  quinidine  with  con.sequent 
return  to  normal  rhythm  was  undertaken  despite  generally  accepted  contra- 
indications. This  was  followed  by  abrapt  and  striking  improvement, 
with  cessation  of  pulmonary  embolism  in  Case  1  and  of  congestive  failure 
in  Case  2.  In  Case  1  the  improvement  has  persisted  to  the  time  of  writing. 
In  Case  2  quinidine  was  probably  llfe-savmg  at  the  moment,  the  patient 
survi\ing  nearly  three  years  before  eventual  death  from  his  circulatory 
disease. 
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FACTORS  AFFECTING  THE  OUTCOME  IX  ACUTE 
INFARCTION  OF  THE  MYOCARDIUM 


FREDRICK  A.  WILLIUS,  M.D. 

[Section  on  Cardiology,  Mayo  Clinic,  Rochester,  Minnesota] 

Coronary  disease  has  been  a  subject  of  keen  interest  to  the  medical 
profession  during  recent  years  and  numerous  important  contributions, 
both  clinical  and  experimental,  have  led  to  the  most  comprehensive  con- 
cept that  has  ever  existed.  In  spite  of  the  advancement  in  the  knowledge 
of  this  important  disease,  the  interest  of  the  physician  must  not  become 
lessened,  because  it  is  only  through  a  sustained  interest  and  an  enduring 
inquisitiveness  that  constructive  supplements  to  our  knowledge  of  coronaiy 
disease  will  be  made.  Nevertheless  imponderables  still  exist  and  among 
them  are  certain  unknown  factors  which  determine  recoverj'  or  death  in 
acute  infarction  of  the  myocardium.  However,  some  knowledge  regarding 
this  important  phase  of  the  problem  has  been  acquired  and  a  consideration 
of  the  known  facts  seems  appropriate. 

Acute  infarction  of  the  myocardium  may  occur  in  several  waj's:  (a) 
from  thrombotic  occlusion  of  a  coronary  artery  or  arterial  tributary 
involved  and  usually  narrowed  by  arteriosclerosis,  (b)  from  the  rupture 
of  a  subintimal  arteriosclerotic  abscess  with  the  discharge  of  lipoid  material 
into  the  lumen  of  the  vessel,  (c)  from  intramural  hemorrhage  in  an  arterio- 
sclerotic coronary  artery  resulting  in  complete  closure  of  the  vessel  with 
or  without  secondary  thrombosis,  and  (d)  less  commonly  from  an  embolus. 

Under  the  first  three  circumstances  the  sudden  closure  of  the  artery 
has  been  preceded  by  arteriosclerosis  and  usually  by  similar  involvement 
of  other  tributaries  of  the  coronary  arterial  tree.  Here,  arterial  narrowing 
has  occurred  in  one  or  more  regions,  which  may  be  localized  to  a  small 
portion  of  a  vessel  or  may  encroach  on  the  lumen  for  a  considerable  distance. 

COLLATER.\L  CIRCULATIGX 

The  element  of  time  is  an  important  determinant  in  recovery  or  death 
when  arterial  closure  supervenes.  WTien  the  obliterative  process  has 
been  gradual,  the  heart  frequently  is  enabled  to  create  channels  of  col- 
lateral circulation,  at  times,  quite  adequateh'  .ser\'ing  as  a  by-pass  to  the 
region  or  regions  where  arterial  obliteration  impends.  This  process  has 
been  demonstrated  clearly  in  the  human  heart  by  Blumgart  and  his 
co-workers  (2,  3)  and  independently  by  R.  L.  Smith  (5)  of  the  Mayo  Founda- 
tion, by  injection  methods,  using  a  fluid  medium  permitting  the  demon- 
stration of  minute  arterial  tributaries.    These  studies  demonstrated 
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anastomotic  communications  of  a  diameter  of  less  than  40  microns  between 
various  coronary  arteries  in  some  noi  nial  hearts,  hut  tliese  communications 
apparently  play  only  a  potential  role  in  preventing  the  sudden  and  perhaps 
serious  effects  of  coronary  narrowing  or  closure.  In  hearts  in  which 
marked  narrowing  or  closure  of  coronary  arterial  tributaries  occurs, 
collateral  circulation  may  be  present  and  intercommunicating  vessels 
measuring  u])  to  200  microns  were  found  to  exist.  Such  collateral  channels 
are  capable  of  compensating  for  the  r(>duced  vascularity  resulting  from 
arteriosclerotic  narrowing  or  actual  occlusion  of  main  coronary  arteries  so 
that  the  blood  supply  to  the  heart  remains  relatively  adecjuate  for  a 
restricted  mode  of  lite.  Time  is  recjuired  for  this  process  to  develop  and 
this  less  appreciated  mechanism  of  repair  always  must  be  borne  in  mind 
when  the  convalescent  course  of  a  patient  is  planned.  It  is  not  a  matter 
of  weeks,  but  rather  one  of  months  and  years. 

In  some  cases,  pre-existing  collateral  circulation  was  found  to  be  so 
extensive  and  adeciuate  that  the  myocardivmi  escaped  acute  infarction 
when  complete  arterial  closure  eventually  supervened-  The  collateral 
\essels  frequently  bridge  the  gap  between  neighboring  tributaries  and  at 
times  are  distributed  so  extensively  as  to  permit  communication  between 
arteries  of  the  right  and  left  ventricles. 

The  failure  of  the  establishment  of  some  degree  of  collateral  circulation 
obviously  diminishes  the  chance  of  the  patients'  recovery  when  arterial 
closure  occurs,  and  likewi.se  predispo.ses  to  a  more  widespread  area  of 
myocardial  destruction. 

THE  ACUTE  INFARCT 

The  extent  and  the  depth  of  the  infarct  are  important  in  their  relation 
to  recovery  or  death  because  it  is  evident  that,  when  a  large  region  of 
myocardium  has  been  destroyed,  the  chances  for  effective  healing  become 
reduced.  Even  in  instances  in  which  the  patient  survives  the  immediate 
hazards  of  abrupt  closure  of  a  coronary  artery  and  healing  of  the  infarct 
occurs,  the  resulting  fibrosis  may  be  so  extensive  as  greatly  and  perma- 
nently to  impair  the  functional  efficiency  of  the  heart,  heralding  earlj' 
and  refractory  congestive  heart  failure,  with  or  without  the  development 
of  ventricular  aneurysm. 

When  the  infarct  penetrates  deeply  into  the  myocardium  and  in\olves 
the  subendocardial  myocardium,  intraventricular  thrombosis  occurs 
particularh'  when  the  apical  region  of  the  ventricle  is  involved.  This 
status  engenders  serious  complications  in  the  form  of  fatal  or  permanently 
disabling  arterial  emboli,  ^^'hen  the  infarct  extends  toward  the  surface 
of  the  myocardium,  pericarditis  develops,  a  complication  which  is,  fortu- 
nately, usually  compatible  with  recovery. 

It  must  always  be  borne  in  mind  that  two  arteries  may  become  occluded 
during  what  appears  to  be  one  episode,  or  two  closely  related  attacks  may 
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be  interpreted  as  indicating  first  partial  and  then  complete  closure  of  a 
single  vessel.  Under  these  circumstances  serial  electrocardiograms  usually 
permit  the  recognition  of  the  two  infarcts. 

Various  opinions  have  been  expressed  regarding  the  location  of  the 
infarct  in  relation  to  recoverJ^  In  a  previous  study  I  reported  the  findings 
in  a  representative  series  of  cases  of  acute  mj^ocardial  infarction  and  did 
not  find  any  significant  difference  in  the  mortality  rates  of  patients  who 
had  infarcts  situated  in  the  anterior  or  posterior  walls  of  the  left  ventricle. 
This  observation  has  been  confirmed  again  by  Woods.  He  has  added  a 
very  significant  finding  by  the  demonstration  that,  when  the  electro- 
cardiogram fails  to  permit  the  localization  of  the  infarct,  in  the  majoritj- 
of  the  cases  the  interventricular  septum  participated  in  the  infarction 
process.  The  cardiac  mortality  rate  is  extremely  high  in  this  specific 
group  of  cases. 

Another  factor  enters  into  the  consideration  of  acute  infarction  of  the 
myocardium,  one  that  may  .influence,  not  only  the  severity  and  the  dura- 
tion of  the  painful  seizure,  but  also  the  extent  of  the  infarcted  region. 
This  factor  is  vascular  spasm,  not  of  the  larger  arteriosclerotic  arteries 
but  rather  of  the  smaller  arteries  and  arterioles  of  neighboring  vessels  or 
anastomoses.  The  factor  of  spasm  combined  with  inadequate  pre- 
existing collateral  circulation  or  the  complete  absence  of  the  latter  may 
be  an  important  influence  in  preventing  the  healing  of  infarcts.  Tho.se 
instances  of  progressive  myocardial  necrosis  in  which  spontaneous  rupture 
of  the  heart  occurs  with  fatal  hemorrhage  are  well  known,  though  fortu- 
nately not  common. 

Owing  to  its  direct  bearing  on  clinical  judgment  in  acute  infarction  of 
the  myocardium  it  seems  appropriate  to  discuss  the  healing  of  cardiac 
infarcts.  The  frequencj^  with  which  the  question  is  asked  how  long  the 
patient  should  remain  at  complete  rest  in  bed  after  sudden  closure  of  a 
coronary  artery  testifies  to  the  interest  in  and  the  importance  of  this 
subject.  A  few  years  ago.  White  and  Patmos  (6),  investigating  this 
subject  at  the  MaA'O  Foundation,  made  a  careful  histopathologic  study 
of  cardiac  infarcts  which  had  been  present  from  a  few  hours  to  several 
years.  Unfortunately  this  work  was  never  published  and  with  full  credit 
to  these  workers  I  wish  to  summarize  the  results  of  their  investigation. 

They  found  that,  when  death  occurred  within  two  to  four  hours  after 
acute  coronary  closure,  regions  of  focal  degeneration  were  present  in 
muscle  of  apparently  normal  appearance.  In  the  muscle  bundles,  however, 
regions  of  earlj^  necrosis,  cloudiness,  pyknosis  of  nuclei  and  diminution  of 
the  transverse  striations  were  demonstrable  and  there  were  slight  inter- 
stitial edema  and  congestion  of  the  blood  vessels. 

Infarcts  from  four  hours  to  five  da3'S  old  exhibited  necrosis  and  acute 
inflammation.  The  necrotic  regions  were  found  to  coalesce  and  numerous 
polymorphonuclear  leucocytes  and  extravasated  erj^throcjrtes  were  present. 
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The  polymorphonuclear  leucocj'tes  first  appeared  within  the  ad\ontitia 
of  small  blood  vessels  about  four  hours  after  the  develoi)ment  of  the 
infarct,  but  they  gradually  increased  in  number  during  the  succeeding 
four  or  five  days.  In  infarcts  which  were  two  days  old,  phagocytosis  was 
well  under  way.  The  amount  of  fat  in  the  necrotic  and  degenerated 
muscle  cells  was  found  to  be  increased  antl  karyorrhexis  and  karyoh'sis  of 
muscle  bundles  were  marked.  Cellular  changes,  ranging  from  hyaline  to 
granular  degeneration,  occurred.  Fibroblasts  were  observed  occasionally 
at  the  margins  of  tlie  necrotic  portions  of  the  infarcts  which  were  thirty-six 
hours  old,  but  they  were  not  plentiful  unless  the  infarcts  were  five  da.ys  old. 

Infarcts  from  five  to  twenty-two  days  old  and  even  older  gave  evidence 
of  rapid  disappearance  of  the  inflammatory  reaction  and  gradual  replace- 
ment by  connective  tissue.  Fibroblasts  were  found  to  be  arranged  at 
right  angles  to  the  newly  formed  l)lood  vessels  and,  when  nine  days  had 
elapsed  since  the  occlusi\  e  episode,  they  were  prominent  and  the  necrotic 
regions  were  diminished  greatly.  After  twenty-two  days  regions  of 
diffu.se  fibrosis  were  present. 

In  infarcts  that  were  from  three  to  six  months  old,  condensation  and 
contraction  of  the  fibrous  scar  were  present  and  represented  completed 
healing. 

More  recently-  Mallory,  White  and  Salcedo-Salgar  (4)  i)resented  a 
similar  investigation.  The  results  of  these  studies  clearly  indicate  the 
necessity  and  the  imjjortance  of  complete  and  prolonged  rest. 

There  can  be  little  doubt  that  the  .satisfactory  healing  of  infarcts  is 
facilitated  by  the  establishment  of  collateral  circulation  either  preceding 
or  immediately  following  the  sudden  occlusion  of  a  coronary  arterj\ 

ANOMALOUS  CORONARY  CIRCULATION 

.\nother  factor  in  the  recovery  from  acute  infarction  of  the  myocardium 
is  the  fundamental  architecture  of  the  coronary  arterial  tree.  When  this 
is  proportioned  in  its  usual  manner,  a  chance  for  recovery  usually  exists 
but,  when  anomalous  vessel  origin  or  distribution  occurs,  death  may  be 
inevitable.  A  comprehensive  review  of  the  literature  dealing  with  con- 
genital anomalies  of  the  coronary  arteries  is  available  in  a  paper  by  Bland, 
White  and  Ciarland  (1).  For  example,  I  have  ob.served  instances  in  which 
the  entire  posterior  surface  of  the  left  ventricle  and  a  portion  of  the  apex 
have  been  supplied  by  a  single  overdeveloped  branch  from  the  right  coro- 
nary artery  at  its  bifurcation  at  the  interventricular  sulcus.  The 
circumflex  branch  of  the  left  coronary  artery  was  absent  in  this  ca.se. 
Obstruction  of  this  anomalous  branch  of  the  right  coronary  artery  would 
aft'ect  the  nutrition  of  the  heart  so  extensively  and  profoundly  that  death 
would  inevitably  occur  suddenly. 

In  other  instances,  a  large  and  tortuous  left  circumflex  branch  was 
found  to  be  the  sole  source  of  supply  to  the  entire  posterior  and  lateral 
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surfaces  of  the  left  ventricle.  Here  again,  abrupt  and  complete  closure 
of  this  vessel  would  lead  necessarily  to  serious  consequences.  With  our 
present  methods  of  clinical  detection,  anomalous  coronary  circulation 
cannot  be  identified  but  the  future  of  roentgenography,  with  safe  and 
more  effective  contrast  media  for  intra-arterial  injection,  may  greath* 
expand  the  field  of  arteriography. 

PROFOUND  DISTURBANCES  OF  CARDIAC  RHYTHM 

The  response  of  the  heart  to  sudden  deprivation  of  a  portion  of  its 
blood  supply  is  unpredictable  and  the  many  reasons  for  this  become 
apparent  when  the  preceding  remarks  of  this  discussion  are  recalled. 
Various  factors  undoubtedly  determine  the  occurrence  or  absence  of 
profound  disturbances  of  cardiac  rh\-thm,  such  as  ventricular  tachycardia, 
ventricular  fibrillation,  complete  heart  block  and  cardiac  a.systole. 

The  occurrence  of  complete  heart  block  or  other  major  disturbances  in 
cardiac  conduction  usually  coincides  with  infaiTtion  of  the  interventricular 
septum  but  an  explanation  for  the  other  disturbances  is  still  uncertain. 
Their  presence  or  absence  may  not  depend  solely  on  the  question  of  acute 
infarction  but  rather  on  a  perilous  threshold  of  circulatory  inadequacy 
preceding  infarction.  It  is  a  well  known  fact  that  the  normal  heart 
during  the  process  of  death  is  subject  to  a  multitudinous  array  of  dis- 
turbances of  rhythm  and  that  even  here,  ventricular  fibrillation  is  a  fairly 
common  terminal  mechanism.  It  is  probable  that  myocardial  anoxia, 
from  whatever  cause,  is  the  prime  factor  in  these  disturbances  rather  than 
a  specific  set  of  circumstances.  The  occurrence  of  showers  of  premature 
ventricular  contractions  should  direct  attention  to  the  possible  advent 
of  more  serious  disturbances  of  ventricular  rhythm  but  unfortunately 
this  phenomenon  is  not  a  positive  warning. 

PROMPT  RECOGNITION  AND  TREATMENT 

The  prompt  recognition  of  acute  infarction  of  the  myocardium  is  an 
important  determinant  in  the  patients'  chances  for  recovery.  Pi'ompt 
recognition  of  the  condition  implies  the  prompt  institution  of  management 
and  treatment.  Complete  rest  in  bed  and  the  introduction  of  measures 
to  relieve  pain  and  discomfort  are  essential.  This  discussion  is  not  in- 
tended to  include  the  treatment  of  coronary  disease,  as  that  is  a  chapter  in 
itself.  However,  I  cannot  refrain  from  again  emphasizing  the  importance 
and  necessity  of  complete  rest,  which  in  the  most  strict  sense  of  the  term 
must  be  enforced  for  at  least  five  or  six  weeks  or  more  as  the  indications 
in  the  individual  case  may  dictate. 

And  again,  I  wish  to  admonish  briefly  but  emphatically  against  well 
intended  but  meddlesome  treatment,  which  in  certain  instances  may 
turn  the  tide  of  battle  from  victorj'  to  defeat.  After  the  patient  has 
been  restored  to  a  state  of  comfort,  and  provided  that  complications  do 
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not  occur  demanding  specific  measures,  the  physician  must  resign  himself 
to  l)e  a  patient  spectator  to  nature's  powers  of  healing  and  rejiair.  The 
tendency  unfortunately  exists  in  many  quarters  today  for  the  establish- 
ment of  routine  treatment  for  various  disorders,  ^^'hile  many  components 
of  such  routine  programs  are  extremely  valuable,  they  lose  their  value 
when  indiscriminately  and  at  times  unnecessarily  applied.  Even  the 
same  disease  in  different  indi\"iduals  may  demand  differences  in  manage- 
ment and  treatment.  In  order  to  maintain  a  safe,  yet  comprehensive, 
therapeutic  philosophy,  both  the  science  and  the  art  of  medicine  must 
be  utilized  wisely. 
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COXCERXIXG  THE  FORM  OF  THE  QRS  DEFLECTIONS  OF  THE 
ELECTROCARDIOGRAM  IX  BUNDLE  BRANCH  BLOCRi 


FRANK  X.  WILSON,  -M.D. 
[From  the  Department  of  Internal  Medicine,  University  of  Michigan  Medical  School] 

It  is  a  great  pleasure  to  contribute  to  a  volume  honoring  one  who  has 
been  a  close  friend  for  a  quarter  century  and  who  has  shown  me  many  kind- 
nesses which  I  remember  with  the  deepest  gratitude.  It  is  fitting  that  my 
contribution  should  deal  with  a  problem  in  which  both  of  us  have  been 
deeply  interested  and  which  has  been  the  subject  of  many  discussions 
between  us.  These  discussions  and  his  publications  have  had  an  important 
influence  upon  my  own  work  and  that  of  my  associates. 

In  1920  Oppenheimer  and  Pardee  (1),  on  the  basis  of  a  careful  histologic 
study  carried  out  in  two  fatal  cases  of  bundle  bi-anch  block,  challenged  the 
view,  then  generally  accepted,  that  right  branch  block  was  represented  in 
the  electrocardiogram  by  diphasic  ventricular  complexes  of  the  common, 
and  left  branch  block  by  diphasic  complexes  of  the  rare  kind.  At  that 
time  I  was  firmly  convinced  that  the  accepted  view  which  had  been  strongly 
supported  by  Thomas  Lewis  was  the  correct  one.  Dr.  Oppenheimer  was 
good  enough  to  show  me  unpublished  drawings  of  the  histologic  lesions  in 
his  cases,  and  we  had  several  heated  but  friendly  discussions  concerning  the 
interpretation  of  these  lesions  and  the  best  method  of  finally  deciding  the 
question  at  issue.  I  recall  that  in  the  course  of  one  of  these  talks  he  re- 
marked, somewhat  sarcastically,  that  if  he  were  to  convince  me  it  would  be 
necessary  for  him  to  cut  one  of  the  bundle  branches  in  the  living  human 
heart.  Thinking  of  some  animal  experiments  done  with  Herrmann  (2),  I 
replied  In  substance  that  I  would  accept  his  view  If  stimulation  of  the 
central  part  of  the  anterior  surface  of  the  right  ventricle  of  the  exposed 
human  heart  was  found  to  yield  diphasic  ventricular  complexes  of  the 
kind  which  he  attributed  to  left  branch  block.  Surgical  procedures  in- 
volving exposure  of  the  human  heart  were  becoming  more  frequent  and 
observations  of  this  kind  seemed  not  outside  the  range  of  the  possible. 

In  the  course  of  the  next  few  years,  one  or  two  attempts  to  obtain  the 
required  data  were  made  in  my  laboratory;  in  these  we  did  not  stimulate 
the  heart  intentionally,  but  tried  to  take  advantage  of  the  accidental 
stimulation  of  this  organ  incident  to  resection  of  the  pericardium  in  con- 
strictive pericarditis.  No  u.seful  information  was  obtained  m  this  way. 
It  was  not  until  1929  that  my  associates  Barker,  IVIacleod,  and  Alexander 

1  Many  of  the  observations  upon  which  this  article  is  based  were  carried  out  with 
the  help  of  a  grant  from  the  Horace  H.  Rackham  School  of  Graduate  Studies. 
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(3)  were  al)le  to  cany  out  a  well  plaunetl  series  of  observations  in  which 
many  points  on  the  surface  of  the  heart  were  stimulated  electrically.  Much 
to  my  surprise  their  observations  supjwrted  the  view  advanced  by  Oppen- 
heimer  and  Pardee  and,  on  theoretical  grounds,  by  Fahr  (4)  that  the 
electrocardiograms  then  attributed  to  human  right  l)ranch  block  really 
represent(>d  left  branch  block  antl  rice  versa. 

These  observations  upon  the  exposed  human  heait  had  a  profound 
influence  upon  subsequent  studies  concerned  with  the  form  of  the  electro- 
cardiogram. In  my  own  laboratory  desultory  obser\-ations  upon  pi'ecordial 
leads  had  been  made  from  time  to  time  from  1919  onwards  (5,  (>),  l)ut  it 
was  renew'ed  interest  in  the  bundle  branch  block  problem  that  prompted 
us  to  begin  in  1929  (7)  an  intensive  investigation  of  their  relation  to  direct 
epicardial  leads  and  their  value  in  the  analysis  of  the  ventricular  complex. 

Experiments  upon  dogs  demonstrated  (8)  that  unipolar-  precordial  leads 
from  th(>  extreme  right  side  of  the  precordium  (loads  Vi  and  V2)  yield  QRS 
deflections  like  tho.se  inscribed  in  unipolar  leads  from  the  anterior  surface 
of  the  exposed  right  ventricle,  and  that  unipolar  leads  from  the  extreme  left 
side  of  the  precordium  and  left  axilla  at  the  level  of  the  cardiac  apex  (leads 
V5  and  Xi)  yield  QRS  deflections  like  those  inscribed  in  unipolar  leads 
from  the  antero-lateral  surface  of  the  expo.sed  left  ventricle.  By  means 
of  multiple  precordial  leads  it  is,  therefore,  almost  always  possible  to 
determine  whether  the  epicardial  surface  of  the  human  right  ventricle  is 
activated  earlier  or  later  than  the  epicardial  surface  of  the  left,  and  thus 
to  differentiate  right  from  left  branch  block  with  an  accuracy  which  far 
surpas.ses  that  achieved  by  the  use  of  limb  leads  alone. 

A  large  series  of  cases  of  suspected  bundle  branch  block  in  which  multiple 
unipolar  precordial  leads  were  employed  is  now  available.  We  have  also 
performed  experiments  on  dogs  which  demonstrate  that,  as  regards  the 
form  of  the  QRS  deflections  in  such  leads,  canine  and  human  bundle  branch 
block  do  not  differ  in  any  important  respect.  In  right  branch  block,  leads 
from  the  I'ight  side  of  the  precordium  (leads  Vi  and  \'2)  almost  always  yield 
QRS  complexes  of  the  rsR'  form,  consisting  of  a  small  upward,  a  small 
downward,  and  a  final  large,  broad,  upward  deflection.  In  left  branch 
block,  the  same  leads  yield  complexes  of  the  rS  form,  in  which  a  small 
upward  deflection  is  followed  by  a  large,  broad,  downward  deflection. 
Leads  from  the  left  side  of  the  precordium  yield  QRS  complexes  which 
consist  of  a  single  broad,  notched  R  deflection  in  left  branch  block,  and 
complexes  of  the  qRs,  or  RS  type  in  which  the  final  deflection  (S)  is  broad 
and  usually  notched  or  slurred,  hut  not  always  deep,  in  right  branch  block. 

^  Unipolar  leads  arc  leads  in  which  a  small  exploring  electrode  is  paired  with  a 
central  terminal  connected  through  equal  resistances  of  5000  or  more  ohms  to  the 
three  extremity  electrodes  employed  in  taking  the  standard  limb  leads.  The  de- 
flections of  such  leads  represent  in  relatively  pure  form  the  potential  variations  of 
the  region  upon  which  the  exploring  electrode  is  placed. 
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In  both  right  and  left  branch  block,  the  QRS  complexes  of  the  standard 
limb  leads  are  far  more  variable  in  form  than  those  of  the  precordial  leads 
mentioned.  The  chief  reason  seems  to  be  that  the  more  common  \-aria- 
tions  in  the  position  of  the  heart  have  a  much  greater  effect  upon  the 
former  than  upon  the  latter.  It  is  well  known  that  in  canine  branch  block 
the  QRS  complexes  of  the  limb  leads  are  almost  invariably  of  the  con- 
cordant type  in  which  the  chief  QRS  deflection  has  the  same  direction  in 
all  three  leads,  but  that  in  human  branch  block  they  are  usually  of  the 
discordant  type  in  which  the  chief  QRS  deflection  of  lead  I  is  opposite  in 
direction  to  that  of  lead  III.  This  difference  depends  upon  the  circum- 
stance that  the  angle  made  by  the  long  axis  of  the  heart  with  the  long  axis 
of  the  body  is  considerably  smaller  in  the  dog  than  in  most  men  and  women 
with  hypertensive  or  arteriosclerotic  heart  disease.  For  this  reason  the 
potential  variations  of  the  dog's  left  ventricle  are  transmitted  to  the  left 
hind  leg.  In  canine  branch  block  unipolar  leads  from  this  extremity,  uni- 
polar leads  from  the  left  side  of  the  precordium,  and  leads  II  and  III  yield 
QRS  complexes  of  the  same  sort.  In  human  branch  block,  on  the  other 
hand,  the  potential  variations  of  the  left  ventricular  surface  are  usually 
transmitted  to  the  left  arm.  In  this  case,  QRS  complexes  of  the  same  kind 
occur  in  unipolar  left  arm  leads,  in  unipolar  leads  from  the  left  side  of  the 
precordium,  and  in  lead  I.  Since  the  left  arm  electrode  is  connected  to 
one  terminal  of  the  electrocardiograph  in  taking  lead  I  and  to  the  opposite 
terminal  in  taking  lead  III  the  QRS  deflections  of  one  of  these  leads  are 
the  inverse  of  those  of  the  other  whenever  the  potential  variations  of  the 
left  arm  are  larger  than  those  of  the  other  extremities. 

The  failure  of  early  investigators  to  realize  that  the  concordance  or 
discordance  of  the  QRS  deflections  of  the  standard  limb  leads  depends  upon 
the  position  of  the  heart,  and  not  upon  some  intracardiac  factor,  was  mainly 
responsible  for  the  original  error  in  the  differentiation  of  right  from  left 
bundle  branch  block.  Had  precordial  leads  been  emploj'ed  at  the  start 
no  mistake  would  have  been  made,  for,  as  I  haxe  already  pointed  out,  the 
QRS  deflections  of  these  leads  are  of  the  same  form  in  canine  as  in  human 
branch  block.  Another  source  of  the  error  in  question  lay  in  the  emphasis 
placed  upon  the  direction  of  the  chief  QRS  deflection  as  compared  to  other 
and  more  fimdamental  aspects  of  the  form  of  the  QRS  complex.  It  has 
been  the  prevailing  impression  that  in  leads  I  and  III  the  QRS  complexes 
of  right  branch  block  are  almost  exactly  the  inverse  of  those  of  left  branch 
block.  It  is  true  that  in  the  dog  the  chief  QRS  deflection  of  the  standard 
limb  leads  is  downward  in  right  and  upward  in  left  branch  block,  but  it  is 
only  in  very  exceptional  cases  that  this  is  the  sole  conspicuous  difference 
between  the  QRS  complexes  of  the  former  and  those  of  the  latter.  In  left 
branch  block  the  QRS  complex  is  essentially  monophasic;  the  broad  and 
usually  notched  major  component  is  sometimes  preceded  by  a  small  de- 
flection in  the  oppo.site  direction,  but  this  is  always  diminutive  in  com- 
parison with  its  fellow.    In  right  branch  block,  on  the  other  hand,  the 
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QRS  complex  is  almost  always  definitely  diphasic  and  often  triphasic.  The 
final  broad  and  slurred  or  notched  deflection  is  i)receded  by  a  comparatively 
large  narrow  deflection  of  opposite  sign.  The  voltage  of  this  narrow 
deflection  is  seldom  le.ss  than  one-fourth  the  voltage  of  its  companion  and 
freciuently  equals  or  exceeds  it.  In  roughly  half  the  case.s  a  third  dimimi- 
tive  deflection  occurs  at  the  beginning  of  the  (JHS  interval. 

This  dift'erence  in  character  between  the  (JRS  complexes  of  left  and  tho.se 
of  right  branch  block  is  found  in  human  as  well  as  in  canine  curves  and 
in  precordial  as  well  as  in  limb  leads.  Comjiarison  of  the  precordial  elec- 
trocardiograms obtained  in  bundle  branch  block  with  the  precordial  elec- 
trocardiograms of  the  same  .subject  taken  before  the  block  developed  or 
after  it  had  disappeared  suggests  that  it  is  due  mainly  to  the  difference 
in  thickness  between  the  lateral  wall  of  the  left  ventricle  and  the  lateral 
wall  of  the  right.  In  bimdle  branch  block  the  electric  forces  generated  bj- 
the  spread  of  the  excitatory  process  through  the  septum  from  the  contra- 
lateral toward  the  homolateral  ventricle  combine  with  the  electric  forces 
generated  by  its  subsequent  spread  through  the  free  wall  of  the  latter  to 
produce  the  final  broad  QRS  deflection.  Early  in  the  QRS  interval,  the 
spread  of  this  process  outward  through  the  free  wall  of  the  contralateral 
ventricle  produces  electric  forces  of  opposite  jiolarity.  In  right  branch 
block,  these  forces  are  generated  by  the  thick  wall  of  the  left  ventricle  and 
they  are  usually  large  enough  to  overbalance  completely  the  opposed 
forces  of  septal  origin  and  therefore  inscribe  a  prominent  earh'  deflection 
opposite  in  sign  to  the  final  QRS  component.  In  left  branch  block  the 
forces  generated  by  the  thin  free  wall  of  the  right  ventricle  are  smaller  in 
comparison  to  the  forces  of  septal  origin  and  the  corresponding  deflection 
is  absent  or  inconspicuous.  This  situation  naturally  varies,  of  course,  with 
the  particular  lead  used  and  may  be  greatly  altered  by  ventricular  hyper- 
trophy, by  infarction,  or  by  other  myocardial  disturbances. 

In  the  differentiation  of  complete  branch  block  from  incomplete  branch 
block  and  other  disturbances  of  intraventricular  conduction  the  most 
valuable  criterion,  when  limb  leads  alone  are  available,  is  the  length  of  the 
QRS  interval.  When  this  interval  measures  0.12  second  or  more,  the 
ventricular  complexes  of  multiple  precordial  leads  are  almost  always  char- 
acteristic of  either  left  or  right  branch  block.  In  rare  instances  they  are 
not  and  when  this  happens  in  cases  of  myocardial  infarction  the  possibility 
that  arborization  block  is  present  must  be  considered.  It  is  also  prol)able 
that  a  general  depression  of  the  conductivity  of  the  specialized  ventricular 
tissues  produced  by  toxic  agents,  such  as  cjuinidin,  may  sometimes  be 
responsible  for  a  QRS  interval  of  the  length  mentioned.  When  the  QRS 
interval  is  le.ss  than  0.12  second,  the  QRS  complexes  of  multiple  precordial 
leads  are  not  usually  of  the  form  seen  in  complete  branch  block,  but  they 
may  be  characteristic  of  right  branch  block  when  this  interval  is  as  short 
as  0.10  second. 

When  only  limb  leads  are  employed,  there  are  only  two  criteria  which 
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are  of  value  in  differentiating  right  branch  block  from  left  branch  block. 
The  first  of  these- concerns  the  presence  or  absence  of  a  conspicuous  S 
deflection  in  lead  I.  When  there  Ls  such  a  deflection,  and  the  QRS  interval 
measures  0.12  second  or  more,  the  precordial  curves  are,  with  rare  excep- 
tions, characteristic  of  complete  right  branch  block.  When  no  such  de- 
flection is  present,  and  the  QRS  interval  measures  0.12  second  or  more,  the 
precordial  leads  very  seldom  fail  to  yield  complexes  of  the  kind  character- 
istic of  complete  left  branch  block.  The  .second  criterion  is  based  upon  the 
general  outline  of  the  QRS  complexes.  If  the.se  are  definitely  diphasic  or 
triphasic  in  those  leads  in  which  the  chief  deflection  is  of  at  least  moderate 
size,  right  branch  block  is  probablv  present;  if  they  are  monophasic  or  es- 
sentially monophasic  left  branch  block  is  probably  present.  These  criteria 
are  not  infallible;  the  first  Ls  more  reliable  than  the  second. 

It  was  formerh'  thought  that  one  kind  of  branch  block  is  far  le.ss  common 
than  the  other.  This  view  was  based  upon  collections  of  electrocardio- 
grams from  which  those  of  the  kind  obtained  in  the  majority  of  the  cases  of 
right  branch  block  were  excluded,  apparently  becau.se  of  the  notion  that 
right  and  left  branch  block  .should  produce  discordant  complexes  of  exactly 
opposite  kinds.  Actually,  right  branch  block  is  nearly  or  quite  as  common 
as  left,  but  the  classic  curves  which  have  been  considered  characteristic  of 
bundle  branch  block  of  the  rare  kind  are  very  uncommon.  Such  electro- 
cardiograms display  a  broad  S  deflection  in  lead  I,  but  the  QRS  complexes 
are  essentially  monophasic.  [Multiple  precordial  leads  have  been  taken 
in  only  a  small  number  of  cases  in  which  the  standard  electrocardiogram 
was  of  this  kind.  In  the  majority  of  these,  the  precordial  electrocardio- 
grams were  characteristic  of  right  branch  block,  but  in  several  instances 
they  were  characteristic  of  left  branch  block. 

The  patient  whose  electrocardiograms  are  shown  in  figure  1  was  a  man, 
aged  56  years,  with  high-grade  cardiac  failure,  great  enlargement  of  the 
heart,  arterial  hypertension  (blood  pressure  180  .sj'stolic  and  120  diastolic), 
and  general  arteriosclerosis.  His  weight  was  113  pounds  and  his  height 
62.5  inches.  Precordial  leads  were  taken  on  two  occasions  and  on  both 
all  of  the  features  commonh^  seen  in  left  branch  block  were  present.  The 
form  of  the  standard  electrocardiogram  was  somewhat  variable,  but  the 
first  set  of  curves  displays  nearly  monophasic  discordant  QRS  complexes 
of  the  rare  kind.  The  corresponding  unipolar  limb  leads  show  that  the 
potential  variations  of  the  right  arm  (lead  Vr)  were  small,  that  those  of  the 
left  arm  (lead  Vl)  were  similar  to  those  of  the  right  side  of  the  precordium 
(leads  Vl  and  V2),  and  that  those  of  the  left  leg  (leadV^)  were  similar  to 
those  of  the  left  side  of  the  precordium  (lead  Ve).  It  is  apparent  that  in 
this  instance  the  position  of  the  heart  was  .such  that  the  potential  variations 
of  the  right  ventricular  surface  were  transmitted  to  the  left  arm  and  the 
potential  \  ariations  of  the  left  ventricular  surface,  to  the  left  leg.  For  the 
sake  of  brevitv,  we  may  sav  that  the  heart  was  in  the  "vertical"  position. 


QKS  DKFLECTIONS  OF  ELECTROCAKDIOGRAM 


1115 


hut  it  may  well  be  that,  in  bringing  about  tho  situation  in  question,  rota- 
tion of  tliis  organ  about  its  long  axis  plays  a  more  important  role  than  a 
decrease  in  the  angle  made  by  this  axis  with  the  long  axis  of  the  body. 

We  have  not  seen  an  iui(iuestional)le  exampl(>  of  I'ight  bundle  branch 
block  in  which  the  standard  limb  leads  displayed  essentially  monophasic 
discordant  complexes  of  exactU'  the  kind  usually  seen  in  left  branch  block. 
In  a  few  instances,  however,  we  have  encountered  discordant  curves  of  the 
kind  illustrated  in  figure  2.  The  patient  whose  electrocardiograms  are 
reproduced  in  this  figure  was  a'  man,  aged  62  years;  whose  chief  symptoms 
were  due  to  a  duodenal  stricture.  Examination  re\  ealed  general  arterio- 
sclerosis, but  the  heart  was  not  enlarged  and  no  valve  lesions  were  present. 


f*  Y  '''' 

1          \  ' 

Fig.  1.  The  standard  limb  leads,  unipolar  limb  leads  (Vff,  Vl  and  Yf)  and  unipolar 
precordial  leads  obtained  in  C'ase  1.  The  first  set  of  extremity  leads  was  taken  on 
February  28,  1941,  the  second  set  on  March  14,  1941.  The  first  set  of  precordial 
leads  was  taken  on  March  4,  1941,  and  the  second  set  on  March  14,  1941.  The  pre- 
cordial leads  were  taken  with  the  galvanometer  at  one-half  the  usual  sensitivity. 
The  potential  variations  of  the  left  arm  (V'l)  are  like  those  of  the  right  side  of  the 
precordium  (Vi  and  V2);  the  potential  variations  of  the  left  leg  (Vf)  are  like  those  of 
the  left  side  of  the  precordium  (Ve).  The  precordial  leads  show  that  left  branch 
block  is  present. 

The  blood  pressure  was  normal.  The  QRS  complexes  of  the  first  two  pre- 
cordial leads  (V;  and  V2)  are  of  the  kind  usuall.y  seen  in  the  right  branch 
block.  Those  of  the  last  two  precordial  leads  are  not,  for  the  R  deflection 
is  not  only  very  small  when  considered  alone,  but  it  is  very  small  in  com- 
parison with  the  S  deflection,  so  that  these  complexes  have  an  essentially 
monopha.sic  outline.  In  this  instance,  no  unipolar  limb  leads  were  taken, 
but  since  the  QRS  deflections  of  the  leads  from  the  left  side  of  the  pre- 
cordium clearly  resemble  those  of  leads  II  and  III  it  is  obvious  that  the 
potential  variations  of  the  left  ventricular  surface  were  transmitted  to  the 
left  leg.  Since  the  QRS  complexes  of  leads  I  and  II  are  of  opposite  form 
the  potential  variations  of  the  right  arm  were  evidently  small.  Finally, 
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since  the  QRS  complexes  of  the  limb  leads  are  discordant,  and  since,  at  any 
given  instant  the  sum  of  the  potentials  of  the  three  extremities  must  be 
zero,  it  is  clear  that  the  potential  variations  of  the  left  arm  were  opposite  in 
character  to  those  of  the  left  leg  and  would  have  inscribed  in  a  unipolar 
lead  QRS  deflections  like  those  of  lead  I  and  the  leads  from  the  right  side 
of  the  precordium.  It  is  apparent,  therefore,  that  the  potential  variations 
of  the  right  ventricular  surface  were  transmitted  to  the  left  arm  and  that 
in  this  instance  also  the  heart  was  in  the  "vertical"  position.  In  lead  I, 
the  QRS  complex  is  triphasic  and  displays  Q  and  S  components.  These 
deflections  are  both  rare  in  this  lead  in  left  branch  block,  and  the  correct 
diagnosis  could  have  been  made  in  this  case  without  recourse  to  multiple 
precordial  leads.    The  standard  electrocardiograms  reproduced  in  figure  1, 


Fig.  2.  The  standard  limb  leads  and  unipolar  precordial  leads  obtained  in  Case  2. 
The  ventricular  complexes  of  the  latter  indicate  that  right  bundle  branch  block  is 
present.  The  QRS  deflections  of  the  leads  from  the  left  side  of  the  precordium 
(Vo  and  Ve)  are  like  those  of  leads  II  and  III. 

on  the  other  hand,  afford  no  reliable  clue  which  would  have  made  this 
po.ssible. 

In  some  cases  of  human  branch  block,  the  heart  is  in  a  position  similar 
to  that  of  the  dog's  heart.  For  the  sake  of  brevity,  we  may  call  this  the 
"semi-vertical"  position.  Although  the  potential  variations  of  the  left 
ventricular  surface  are  transmitted  to  the  left  leg,  those  of  the  right  ven- 
tricular surface  are  not  transmitted  to  the  left  arm,  as  in  the  "vertical" 
position,  and  unipolar  leads  from  this  extremity  yield  small  QRS  deflections 
of  variable  outlme.  The  QRS  complexes  of  the  standard  limb  leads  are 
concordant  and  resemble  those  seen  in  canine  branch  block  except  tkat  in 
right  branch  block  the  narrow  R  waves  are  usually  larger  in  comparison 
to  the  broad  S  waves. 

As  indicated  in  a  previous  paragraph,  the  potential  variations  of  the 
left  ventrictilar  surface  are  transmitted  to  the  left  arm  in  the  vast  majority 
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of  the  cases  of  human  branch  l)lock.  The  i)otcntial  \aiiations  of  the  left 
les  are  then  like  those  of  the  right  ventricular  surface  ("horizontal"  posi- 
tion) or  small  and  of  variable  outline  (•'semi-horizontal"  position).  In 
either  case,  the  QRS  complexes  of  the  limb  leads  are  discordant  and  of  the 
kintls  witli  which  we  are  most  familiar.  \Mien  the  QRS  interval  is  al)- 
normally  long  but  the  QRS  pattern  unfamiliar,  ])recordial  leads  are  often 
necessary  to  differentiate  i)et\veen  bundle  l)ranch  block  and  other  defects 
in  intra\'entricular  conduction  and  to  determine^  wlietlier  the  conduction 
defect  is  on  the  right  side  or  on  the  left. 

Sl'MMAHV 

Multiple  unijjolar  precordial  leads  ha\  e  been  emj^loyed  in  a  large  series 
of  cases  in  which  bundle  branch  block  was  thought  to  be  present.  In  the 
vast  majority  of  instances  the  u.se  of  such  leads  made  it  po.ssil)le  to  deter- 
mine whether  bundle  branch  block  was  present,  and  if  so,  whether  the  con- 
duction defect  was  in  the  right  or  in  the  left  bundle  l)ranch. 

A  diagnosis  of  complete  l:)undle  branch  block  should  not  be  ba.sed  upon 
the  limb  leads  alone  when  the  QRS  interval  measui'es  appreciably  less  than 

0.  12  second.  When  the  QRS  interval  equals  or  exceeds  this  value,  the 
jiresence  of  a  conspicuous  S  deflection  in  lead  I  indicates  that  the  conduction 
defect  is  on  the  right  side.  The  absence  of  such  a  deflection  indicates  that 
the  conduction  defect  is  on  the  left  side. 

Tlie  position  of  the  heart  has  a  i)rofoimd  influence  upon  the  form  of  the 
QRS  complex  in  limb  leads.  In  bundle  branch  block,  the  human  heart  is 
usually  in  such  a  position  that  the  potential  variations  of  the  left  arm  re- 
semble those  of  the  left  \-entricular  surface  while  the  potential  variations 
of  the  left  leg  are  either  small  or  like  those  of  the  right  ventricular  surface. 
When  the  position  of  the  heart  is  such  that  these  relations  are  rever.sed, 
left  branch  block  may  be  mistaken  for  right  branch  block  and  rice  versa  if 
precordial  leads  are  not  taken. 
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ULCER  IX  MECKEL'S  DIVERTICULU^L    UNUSUAL  ROEXT- 
GEXOLOGIC  FIXDIXGS 


Case  Report 

ASHER  WIXKELSTEIX,  M.D. 
[From  the  Second  Medical  Service,  The  Mount  Sinai  Hospital,  Xew  York  City] 

INTRODUCTIOX 

A  Meckel's  diverticulum  results  when  the  embryonal  yolk  stalk  between 
the  alimentary  canal  and  the  j^olk  sac  is  incompletely  obliterated  so  that 
the  distal  end  remains  open.  It  occurs  in  2  per  cent  of  adults;  it  is  three 
times  more  frequent  in  males;  and  is  located  about  40  inches  from  the  ileo- 
cecal valve  in  the  ileum.  In  addition  to  obstruction,  inflammation,  and 
tumor  formation,  it  gives  rise,  due  to  the  frequent  presence  (16  per  cent) 
of  ectopic  islets  of  gastric  mucosa,  to  the  occurrence  of  peptic  ulcer  in  the 
diverticulum.  These  ulcers  occur  chiefly  in  young  individuals  and  are 
characterized  bj'  vague  lower  abdominal  pains  and  chiefly  by  massive  in- 
testinal hemorrhages.  Perforation  occurs  not  infrequently.  It  is  not  our 
intention  to  describe  these  ulcers  in  detail.  The  reader  is  referred  to  the 
paper  of  Aschner  and  Karelitz  wherein  the  subject  is  fulh'  discussed  (1). 
It  should  be  mentioned,  however,  that  the  occurrence  of  these  ulcers  next  to 
heterotopic  gastric  mucosa  in  a  Meckel's  diverticulum  is  often  adduced  as  a 
strong  argument  in  favor  of  the  importance  of  the  acid-peptic  factor  in  the 
mechanism  of  ulcer  production. 

The  case  described  herein  is  presented  because  of  the  follo\nng  unusual 
features:  1)  A  pre-operative  diagnosis  was  made  clinically  by  two  inde- 
pendent observers;  2)  there  was  the  unique  finding  of  the  diverticulum 
roentgenologicall}^  \A'ith  the  appearance  of  a  lesion  in  it;  while  Meckel's 
diverticulum  has  been  seen  and  reported  radiographically  in  a  few  cases, 
actually  7  cases  in  the  literature  (2),  to  my  knowledge,  this  is  the  first  case 
in  which  an  abnormalitj'  in  the  diverticulum  was  demonstrated;  3)  a  healed 
and  open  ulcer  was  found  in  the  diverticulum  resected  hy  the  surgeon. 

CASE  REPORT 

History  (Adm.  375988).  The  patient,  a  boy  of  16,  was  first  seen  2^  weeks  after  a 
moderately  severe  intestinal  hemorrhage,  Six  months  previously  he  had  been  ad- 
mitted to  another  hospital  because  of  the  passage  of  a  large  amount  of  bright  red 
blood  from  the  rectum  associated  with  fainting.  He  received  several  transfusions 
there  and  made  an  uneventful  recovery.  Gastrointestinal  radiography  and  sig- 
moidoscopy were  reported  as  negative.  The  case  was  considered  one  of  a  "silent" 
duodenal  ulcer.    He  remained  well  until  the  second  hemorrhage  mentioned  above. 

1118 


ULCER  IN  Meckel's  diverticulum 


1119 


This  time  the  hemorrhage  was  less  severe  and  his  hemoglobin  fell  only  to  70  per  cent. 
The  patient  was  referred  to  me  for  opinion  by  Dr.  Benjamin  Sacks  who  suspected 
an  ulcer  in  a  Meckel's  diverticulum.  This  was  also  my  independent  impression, 
reserving  the  possibility  of  a  bleeding  rectal  polyp.  Sigmoidoscopy,  however,  was 
negative.  He  was  then  referred  to  the  medical  ward  of  Dr.  B.  S.  Oppenheimcr  at 
The  Mount  Sinai  Hospital  for  further  studies.  A  gastrointestinal  scries  revealed  at 
the  two  hour  observation,  before  any  barium  had  reached  the  cecum,  a  peculiar 
finger-like  projection  pointing  downward  and  to  the  left  with  an  irregular  filling  de- 
fect in  its  tip  (fig.  1).    This  was  considered  somewhat  suspicious  but  not  definite 


Fig.  1.  Radiograph  taken  two  hours  after  barium  meal.  Xo  barium  has  reached  the 
cecum.  Diverticulum  projects  downward  and  has  a  filling  defect  in  its  tip  and  two 
lateral  incisures  (site  of  the  ulcers). 


Fig.  2.  Two  photographs  of  the  resected  specimen.  The  everted  view  reveals 
the  ectopic  mushroom  of  gastric  mucosa  at  the  tip.  One  centimeter  proximal  there 
is  an  open  ulcer  and  next  to  it  the  scar  of  a  healed  ulcer. 


enough  for  a  positive  diagnosis.  He  was,  therefore,  discharged  from  the  hospital. 
A  second  x-ray  examination  in  my  office  revealed  the  same  peculiar  loop  seen  in  the 
hospital  radiographs.  Again  the  filling  defect  was  noted  in  the  tip.  There  were 
also  two  spastic  incisures  in  the  contour  of  the  loop.  He  was  readmitted  to  the  hos- 
pital and  operated  upon  by  Dr.  Harold  Xeuhof .  At  a  site  in  the  ileum  2|  feet  prox- 
imal to  the  ileo-cecal  valve,  a  rather  large  Meckel's  diverticulum  was  found  and 
resected.  In  its  tip  was  an  elevated  mushroom-like  mass  of  tissue  with  a  small  sinus 
in  its  center.  This  led  into  another  small  mass  of  glandular  tissue  at  the  tip  of  the 
structure.    The  tissue  at  the  tip  was  identified  histologically  as  a  small  piece  of 
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pancreas  whereas  the  large  mushroom  piece  was  typical  gastric  fundus  secretory  tis- 
sue. Adjacent  to  this  ectopic  gastric  tissue  was  a  depressed  linear  scar  about  5 
inch  in  length  and  in  another  adjacent  site  was  a  partialh*  healed  superficial  ulcer 
(fig.  2).  These  findings  evidently  explained  the  filling  defect  and  the  incisures.  The 
patient  recovered  completely  from  the  operation.  He  has  been  seen  occasionally 
during  the  past  6j  years  and  has  remained  in  good  health. 

DISCUSSION 

It  is  necessary  to  add  a  few  words  about  the  possibility  of  establishing  a 
roentgen  diagnosis  of  a  ^leckel's  diverticulum  with  or  without  an  ulcer  in  it. 
After  the  ingestion  of  the  barium,  careful  studies  of  the  small  intestines 
2,  3,  4  and  6  hours  later  may  reveal  the  diverticulum.  It  appears  as  a 
dense,  rounded,  half-moon  or  finger-like  projection  from  a  loop  of  terminal 
ileum.  It  may  be  verj'  difficult  to  recognize.  In  a  case  operated  on  for 
subacute  appendicitis,  a  Meckel's  diverticulum  of  the  finger-like  variety 
was  seen  but  not  removed.  Careful  subsequent  x-ray  examination  failed 
to  demonstrate  the  diverticulum. 

SUMMARY 

A  case  of  ulcer  in  a  Meckel's  diverticulum  is  reported  because  it  demon- 
strates the  possibility  of  diagnosing  such  ca.ses  clinically.  An  unusual 
radiographic  picture  of  the  diverticulum  with  a  defect  and  incisures  in  it 
was  obtained. 
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RELATIONSHIP  BETWEEN  BILIARY  TRACT  DISEASE  AND 

HEART  DISEASE! 


CHARLES  C.  WOLFERTH,  M.D. 

[Professor  of  Clinical  Medicine,  School  of  Medicine,  University  of  Pennsylvania, 

Philadelphia]  • 

My  interest  in  the  inter-relations  of  the  bihary  tract  and  the  heart  was 
first  stimulated  over  twenty  years  ago  by  that  great  teacher  and  clinician, 
the  late  Alfred  Stengel.  In  one  of  his  patients  I  observed,  following  opera- 
tion on  the  gall  bladder,  the  disappearance  of  auricular  fibrillation;  and 
in  another  the  relief  of  severe  and  freciuently  recurring  attacks  of  what 
appeared  to  be  angina  pectoris.  At  that  time  very  little  had  been  written 
on  this  subject  except  for  Babcock's  well-known  paper  published  in 
1901  (1).  Breyfogle  (2),  however,  in  his  recent  contribution  credits  to 
Gueneau  de  Mussy  in  1878  an  observation  on  the  association  between  gall 
bladder  disease  and  heart  disease. 

In  the  presentation  an  attempt  is  made  to  discuss  the  subject  with  special 
attention  to  practical  problems  of  diagnosis  and  treatment. 

ETIOLOGICAL  RELATIONSHIPS 

In  Breyfogle's  paper  mentioned  above,  the  literature  dealing  with  the 
co-existence  of  gall  bladder  disease  and  coronary  disease  was  analyzed,  and 
in  addition  new  evidence  bearing  on  the  subject  was  presented.  The  data 
now  available  appears  to  warrant  the  conclusion  that  gall  bladder  disease 
is  more  common  in  patients  who  die  of  coronary  artery  disease  than  in 
control  groups  of  patients  who  die  from  various  other  cau-ses.  Despite  the 
fact  that  the  co-existence  of  coronary  disea.se  and  gall  bladder  disea.se  is 
greater  than  can  be  accounted  for  purely  on  the  basis  of  the  incidence  of 
the  two  diseases,  necrop.^y  data  do  not  permit  a  decision  among  the  follow- 
ing possibilities:  1)  Does  coronary  di.sease  cause  biliary  tract  disease?  2) 
Does  biliary  tract  disease  cause  coronary  disease?  3)  Does  some  under- 
lying etiological  factor  cause  both? 

There  is  no  evidence  for  believing  that  coronary  artery  disease  causes 
l^iliarv  tract  disease  except  for  those  disturbances  which  result  from  passive 
congestion  in  the  course  of  coronary  disea.se.  The  question  whether  some 
common  etiological  factor  may  account  for  the  co-existence  of  the  two  dis- 
eases will  probabh'  not  be  answered  until  we  have  further  knowledge  regard- 

'  From  the  Edward  B.  Rohinctte  Foundation,  Medical  Clinic,  Hospital  of  the 
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ing  the  etiological  factors  concerned  in  the  production  of  arteriosclerosis. 
It  is,  however,  an  attractive  hypothesis  and  permits  one  to  speculate  as  to 
whether  certain  metabolic  faults,  dietary  habits,  or  infections  may  be 
common  etiological  factors  in  the  production  of  both  types  of  disease. 

The  evidence  for  the  view  that  gall  bladder  disease  causes  coronary  dis- 
ease, rests  almost  entirely  on  the  effects  of  appropriate  gall  bladder  surgery 
on  cardiac  symptoms  or  behavior.  It  is  now  well  known  that  cardiac  de- 
compensation may  occasionally  be  relieved,  various  disturbances  of  cardiac 
mechanism  may  be  abolished,  and  attacks  of  angina  pectoris  may  disappear. 
In  1935  Fitz-Hugh  and  I  (3)  were  able  to  show  in  patients  with  the  anginal 
syndrome  and  marked  T-wave  inversions  in  the  electrocardiogram,  indi- 
cating the  presence  of  a  highly  abnormal  state  of  the  mj'ocardium,  that 
both  the  angina  pectoris  and  the  electrocardiographic  changes  maj^  disap- 
pear promptly  after  operation. 

Evidence  such  as  that  cited  above  would  seem  to  prove  beyond  question 
that  the  removal  of  gall  bladder  pathology  may  have  a  beneficial  effect  on 
the  heart,  but  it  does  not  bear  in  any  way  on  the  question  Avhether  gall 
bladder  disease  actually  causes  coronary  disease.  Although  the  view  that 
gall  bladder  disease  causes  coronary  disease  has  been  attributed  to  Fitz- 
Hugh  and  me  by  subsequent  writers,  we  were  careful  to  make  no  such 
claim,  since  the  evidence  presented  b}-  us  as  well  as  all  other  evidence 
available  does  not  warrant  it. 

The  status  of  the  etiological  relationships  between  these  two  conditions 
may  be  summarized  as  follows:  1)  Evidence  indicates  that  gall  bladder 
disease  and  coronary  disease  co-exist  more  often  than  would  be  expected 
from  the  incidence  of  the  two  diseases.  2)  Removal  of  gall  bladder  disease 
may  in  some  cases  have  a  beneficial  effect  on  the  myocardium  which  may 
be  shown  by  (a)  the  abolition  of  abnormal  mechanisms,  (b)  restoration  of 
compensation,  (c)  relief  of  anginal  pains,  and  (d)  disappearance  of  ab- 
normalities in  the  electrocardiogram.  3)  Nevertheless,  the  reason  or  rea- 
sons for  the  increased  co-existence  of  gall  bladder  disease  and  coronary  dis- 
ease are  as  yet  not  established. 

THE  PROBLEM  OF  MIMICRY 

Clinicians  have  long  known  that  gall  bladder  disease  may  mimic  heart 
disease  and  that  heart  disease  may  mimic  gall  bladder  disease.  The  most 
important  aspects  of  this  problem  may  be  considered  under  several  cate- 
gories. 

1.  Congestion  of  the  liver:  One  of  the  most  humiliating  errors  which  can 
be  made  is  to  mistake  the  pain  of  hepatic  engorgement  due  to  heart  failure 
for  gall  bladder  disease.  In  such  cases  there  may  be  pain  and  tenderness 
in  the  right  upper  quadrant.  Furthermore,  because  of  the  passive  conges- 
tion of  the  liver,  Graham-Cole  tests  may  be  misinterpreted  as  indicating  ab- 
normal function  of  the  gall  bladder.    Statements  in  the  Uterature  to  the 
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effect  that  passive  congestion  of  the  Hver  must  be  accompanied  by  venous 
engorgement  elsewhere  are  misleading.  Although  elevated  venous  pres- 
sure is  doubtless  responsible  for  passive  congestion  of  the  liver,  the  liver 
may  still  remain  enlarged  and  tender  after  the  increased  venous  pressure 
has  subsided.  At  operation  for  supposed  biliary  tract  disease,  such  patients 
may  show  only  passive  congestion  of  the  liver. 

2.  The  anginal  syndrome:  Usually  there  should  be  little  difficulty  in 
distinguishing  between  the  pain  of  gall  bladder  colic  and  that  of  the 
anginal  -syndrome  (angina  pectoris  or  coronary  occlusion).  Anginal  pain 
may  extend  as  low  as  the  epigastrium  but  it  is  probably  never  centered  in 
the  right  upper  quadrant  of  the  abdomen.  In  the  cases  of  angina  with 
epigastric  pain  there  is  usually  radiation  upward  under  the  sternum. 
Rarely  anginal  pain  may  be  greatest  in  the  chest  just  to  the  right  of  the 
sternum.  Although  it  may  radiate  to  the  right  shoulder  even  without 
radiation  to  the  left  shoulder,  it  does  not  tend  to  radiate  to  the  right  sub- 
scapular region.  Thus  pain  centering  in  the  epigastric  region  or  right 
upper  quadrant  radiating  to  the  right  subscapular  region  is  not  anginal 
pain,  although  gall  bladder  disease  is  not  the  only  condition  which  can 
cause  such  pain. 

3.  Spasm  in  the  digestive  tube:  It  is  well  known  that  biliary  tract  disease 
may  cause  spasm  in  various  parts  of  the  alimentarj'  tract  such  as  the 
esophagus,  the  pylorus,  and  the  colon.  In  this  connection,  the  recent  work 
of  Morrison  and  Swalm  (4),  is  of  great  interest.  The.se  workers  have  shown 
that  pain  of  the  anginal  type  may  be  produced  by  distending  the  esophagus 
by  means  of  a  balloon.  As  a  matter  of  fact,  they  believe  that  such  pain  is 
actually  angina  pectoris.  The  electrocardiograms  offered  as  evidence  to 
support  this  view  do  not  show  enough  to  be  convincing,  since  slight  electro- 
cardiographic changes  can  be  produced  in  a  variety  of  ways,  such  as  change 
in  rate,  altered  position  of  the  diaphragm,  and  in  this  instance,  possibly 
mechanical  pressure  on  the  heart  of  a  distended  balloon  in  the  adjacent 
esophagus.  Edeiken  (5)  has  reported  a  case  in  which  both  angina  pectoris 
and  esophageal  spasm  were  present.  In  this  patient,  the  two  types  of  pain 
were  so  similar  that  the  patient  herself  could  not  distinguish  between  them. 
In  one  type,  attacks  were  provoked  by  effort  and  relieved  by  nitroglycerin. 
In  the  other,  the  i)ain  due  to  esophageal  spasm,  attacks  were  sometimes 
provoked  by  swallowing,  bore  no  relation  to  effort,  and  were  little  relieved 
by  nitroglycerin.  They  could,  however,  be  prevented  by  appropriate  dos- 
age of  belladonna  and  hyoscyamus.  Some  workers  (6)  have  been  .so  im- 
pressed by  the  .syndrome  of  esophageal  spasm  as  to  claim  that  the  pains 
which  are  generally  regarded  as  due  to  angina  pectoris  are  in  reality  due  to 
esophageal  spasm.    Concerning  this  view,  the  following  may  be  said : 

(a)  There  is  no  doubt  that  disturbance  of  the  cardiac  circulation  occurs 
in  connection  with  most  attacks  of  angina  pectoris  and  acute  coronary  oc- 
clusion.   This  may  be  shown  by  electrocardiograms  made  during  and  after 
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pain.  It  is  true  that  a  minority  show  no  change  even  when  chest  leads  are 
also  made  but  in  these  it  is  possible  that  the  disturbance  of  circulation  is 
not  great  enough  to  produce  electrocardiographic  changes,  or  occurs  in 
areas  in  which  electrical  phenomena  are  poorh^  reflected  in  electrocardio- 
grams. 

(b)  The  question  may  be  raised  as  to  the  part  reflex  phenomena  play  in 
the  anginal  syndrome.  It  seems  reasonable  to  suppose  that  the  anginal 
syndrome  may  cause  disturbances  in  the  gastro-intestinal  tract.  Thus 
many  patients  during  an  attack  of  angina  pectoris  have  the  desire  to  eruc- 
tate and  as  a  matter  of  fact  are  often  relieved  considerably  by  eructation. 
This  eructation,  however,  appears  to  originate  in  the  stomach  rather  than 
the  esophagus  and  the  relief  is  in  all  probability  due  to  lessened  crowding 
of  the  heart  during  its  time  of  distress.  Various  other  measures  which 
tend  to  lessen  crowding  of  the  heart,  such  as  the  assumption  of  a  standing 
position,  will  often  afford  relief  in  angina  pectoris.  The  real  questions  at 
issue  are  whether  disturbances  in  the  cardiac  circulation  ^\-ill  cau.se  reflex 
spasm  of  the  esophagus  .sufficient  to  cause  pain  and  whether  disturbances 
in  the  gastro-intestinal  tract  \d\\  cau.se  reflex  disturbances  in  the  cardiac 
circulation.  On  these  points  there  does  not  seem  to  be  much  e\'idence. 
Our  data  (unpublished  observations)  do  not  show  that  esophageal  spasm 
causes  changes  in  the  electrocardiogram  such  as  occur  during  mo.st  anginal 
attacks.  We  have  a  few  observations  which  indicate  that  during  an  anginal 
attack  there  is  no  esophageal  spasm.  We  feel,  therefore,  that  the  two 
conditions,  angina  pectoris  and  esophageal  spasm,  are  entirely  separate 
entities  with  different  etiologj'  and  different  mechanism  but  with  strikingly 
similar  symptoms. 

Patients  with  attacks  of  pain  due  to  esophageal  spasm  are  sometimes 
mistakenly  regarded  as  suffering  from  angina  pectoiis .  One  should  hesitate 
to  accept  the  diagnosis  of  angina  pectoris  even  in  patients  with  undoubted 
heart  disease  unless  (a)  pain  is  provoked  by  exercise  and  relieved  by  rest, 
or  (b)  electrocardiographic  changes  occur  in  a.ssociation  with  attacks  of 
pain.  If  either  of  these  criteria  is  absent,  other  possible  explanations  for 
the  pain  shovild  be  sought.  In  a  considerable  proportion  of  cases  of  so- 
called  atypical  angina  pectoris,  the  presence  of  locaUzed  esophageal  spasm 
during  pain  can  be  demonstrated.  Pylorospasm,  as  is  well  kno\\'n,  may 
cause  epigastric  and  even  lower  substernal  pain  but  in  the  ab.sence  of  a.sso- 
ciated  esophageal  spasm  or  marked  distention  of  the  stomach,  does  not  tend 
to  produce  radiation  of  pain  to  the  left  arm.  Colonic  disturbances  occa- 
sionally cause  precordial  distress  with  radiation  down  the  left  arm. 

The  problems  of  mimicrj'  mentioned  above  are  important  because  of 
their  frequency  and  the  bearing  of  proper  diagnosis  on  the  future  of  the 
patient.  The  p.sychoneuiotic  young  woman  who  because  of  some  spasm 
in  the  digestive  tube  is  labelled  as  having  .serious  heart  disease,  can  con- 
tinue, so  long  as  it  is  to  her  advantage,  to  remain  a  victim  of  heart  disea.se. 
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The  anxious  breadwinner  of  a  family,  who  suffers  from  gastro-intestinal 
tract  spasm  because  he  has  so  many  worries  receives  an  additional  crushing 
burden  when  saddled  with  an  unjustifiable  diagnosis  of  angina  pectoris. 
More  important  from  the  therapeutic  point  of  v'ww  is  the  patient  in  whom 
the  cause  of  the  spasm  and  pain  is  unrecognized  biliarj^  tract  disease.  The 
diagnosis  of  angina  pectoris  having  been  made,  diagnostic  efforts  are  apt 
to  be  relaxed  and  no  further  attempt  made  to  find  gall  stones,  or  if  they 
are  found,  the  patient  is  not  operated  on  for  fear  that  he  is  too  poor  a 
surgical  risk. 

4.  Acute  coronary  occlusion:  A  vitally  important  problem  arises  when 
a  differential  diagnosis  has  to  be  made  promptly  between  acute  coronary 
occhision  and  some  surgical  condition  in  the  upper  abdomen  such  as  rup- 
tured ulcer  or  gall  bladder.  The  former  demands  conservative  treatment 
and  the  latter  may  demand  immediate  intervention;  a  mistake  in  either 
direction  may  cost  the  life  of  the  patient.  One  must  not  permit  oneself  to 
be  stampeded  into  gviessing  at  the  diagnosis.  A  complete  history  not  only 
of  the  attack  it.self,  but  also  antecedent  history,  must  be  obtained;  a  careful 
physical  examination  made,  and  in  case  of  doubt  an  electrocardiogram 
made  with  ordinary  limb  leads  and  no  less  than  three  chest  leads  with  an 
electrode  on  the  C3,  C4,  and  C5  positions.  One  may  have  to  weigh  carefully 
all  the  evidence  in  reaching  a  conclusion.  In  this  connection  it  should  be 
emphasized  that  a  negative  electrocardiogram  is  not  an  uncommon  finding 
in  the  early  stages  of  acute  coronary  occlusion. 

THERAPY 

The  treatment  of  the  patient  with  both  biliary  tract  disease  and  heart 
disease  may  present  difficult  problems.  This  combination  must  bring  to 
the  mind  of  the  physician  the  question  as  to  what  effect  the  biliary  tract 
disease  has  on  the  course  of  the  heart  disease  and  how  important  it  may  be 
in  provoking  cardiac  symptoms.  Although  a  number  of  gratifying  results 
have  been  reported  regarding  cardiac  behavior  following  gall  bladder  sur- 
gery, it  should  be  stated  with  emphasis  that  these  good  results  are  in  the 
minority.  Most  patients  with  auricular  fibrillation,  heart  block,  or  even 
with  extrasystoles  are  not  cured  by  removing  the  gall  bladder.  Cardiac 
decompensation  is  not  usually  cured  by  gall  bladder  surgery  although  short- 
ness of  breath  due  to  flatulence  may  be  relieved.  It  is  only  the  exceptional 
patient  with  angina  pectoris  who  is  cured.  Most  continue  to  have  seizures 
about  the  same  grade  of  severity  after  operation  as  before.  Most  likewise 
continue  to  have  the  same  electrocardiographic  abnormalities  after  opera- 
tion. Consequently,  it  scarcely  seems  justifiable  to  regard  the  presence 
of  heart  disease  as  an  indication  for  gall  bladder  surgery  in  the  hope  that 
the  cardiac  condition  will  be  improved  or  cured  by  this  procedure.  On 
the  other  hand,  it  appears  that  heart  disease  should  be  regarded  more  in 
the  nature  of  a  contra-indication  to  gall  bladder  surgery,  rather  than  an 
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argument  in  favor  of  it,  because  of  the  added  risk  of  operation  which  is 
considerable  when  serious  heart  disease  is  present.  If,  however,  life  Is 
threatened  or  made  miserable  by  biliary  tract  disease,  which  does  not 
respond  to  conservative  treatment,  operation  maj'  properly  be  undertaken 
in  spite  of  the  presence  of  serious  heart  disease.  Such  patients  have  little 
to  lose.  If,  in  addition  to  relief  from  biliary  tract  disease,  relief  from  the 
symptoms  of  heart  disease  occurs  following  operation,  the  cardiac  benefit 
may  be  regarded  as  an  unexpected  extra  dividend. 

The  views  just  expressed  are  not  in  accord  with  the  opinions  of  many 
surgeons  and  internists.  The  reason  for  difference  of  opinion  probablj-  lies 
not  in  differences  of  results  observed  after  biliary  tract  operation  so  much 
as  in  the  criteria  used  for  the  diagnosis  of  heart  disease,  particularly  angina 
pectoris.  Relief  of  substernal  or  precordial  pain  after  operation  does  not 
prove  that  the  patient  was  cured  of  angina  pectoris.  Before  arriving  at 
such  a  conclusion  it  is  necessarj'  to  distinguish  between  the  anginal  .syn- 
drome and  conditions  due  to  biliarj'  tract  disease  which  may  mimic  it,  since 
there  is  a  vast  difference  in  the  results  to  be  expected  in  the  two  groups. 

SUMMARY 

1.  Available  evidence  appears  to  indicate  that  the  co-existence  of  biliary 
tract  disease  and  coronary  disease  is  significantly  greater  than  is  to  be  ex- 
pected from  the  incidence  of  the  two  diseases.  The  cause  for  this  co- 
existence is  not  clear.  There  is  no  good  reason  at  present  for  believing 
that  coronary  disease  causes  biliary  tract  di.sease.  Likewise,  there  is  no 
valid  evidence  to  support  the  view  that  biliarj^  tract  disease  causes  coronary 
disease.  It  is  possible  that  similar  metabolic  faults,  infections,  or  errors 
in  the  regimen  of  life  may  be  factors  in  the  production  of  both  conditions 
but  this  view,  however  reasonable,  is  not  as  yet  supported  by  actual 
evidence. 

2.  Biliary  tract  disease  and  heart  disease  may  under  certain  circum- 
stances mimic  one  another.  Passive  congestion  of  the  liver  may  be  mis- 
taken for  gall  bladder  disease.  The  anginal  .syndrome  may  be  simulated 
by  spasm  of  the  digestiA-e  tube.  It  is  possible  that  reflexes  from  the  heart 
maj--  affect  the  digestive  tract  and  that  reflexes  from  the  digestive  tract 
may  affect  the  heart.  Acute  coronary  occlusion  and  acute  upper  abdom- 
inal emergencies  may  furnish  difficult  problems  in  differential  diagnosis. 

3.  The  therapy  of  biliary  tract  disease  may  require  modification  in  the 
direction  of  conservatism  because  of  co-exi.sting  heart  disease.  Although 
cardiac  .symptoms  ma.y  be  improved  following  surgery'  on  the  gall  bladder, 
such  improvement  occurs  in  only  a  minority  of  cases.  Furthermore  heart 
disea.se  adds  to  the  risk  of  operation.  Consequently  the  presence  of  heart 
disease  should  be  looked  upon  more  as  a  contra-indication  to  operation 
than  as  an  Indication  for  operation.  When,  however,  biliary  tract  disease 
threatens  life  or  cau.ses  distres-sing  symptoms,  which  cannot,  be  controlled 
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by  conservative  treatment,  it  may  become  necessary  to  accept  the  risk  of 
operation  even  in  the  presence  of  serious  heart  disease. 
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The  use  of  physical  agents,  including  light,  heat,  exercise  and  baths,  for 
the  improvement  of  the  circulation  of  both  normal  and  pathological  states 
has  been  of  recognized  value  since  before  the  time  of  Hippocrates.  The 
exact  mechanisms  were  not  always  understood,  nor  can  we  say  that  we 
understand  them  thoroughly  today,  but  clinical  improvement  was  de- 
scribed by  Hippocrates  and  later  recognized  and  elaborated  upon  by  Celsus, 
who  appreciated  the  value  of  baths  at  the  temperature  of  the  body.  He, 
therefore,  used  extensively  the  baths  of  Ragaz,  Switzerland,  where  the 
temperature  of  the  water  issuing  from  its  grand  source  maintains  thi-ough- 
out  the  year  a  heat  within  1°C.  of  the  body  temperatui-e.  The  importance 
of  carefully  regulated  heat  approximating  body  temperature  in  the  treat- 
ment of  circulatory  problems  has  been  recently  redisco\'ered  and  re- 
emphasized  by  Starr  (6)  and  others. 

Rest.  Rest  under  proper  physiological  conditions  must  be  considered  a 
phj'sical  agent.  'Wlien  there  is  ulceration,  gangrene,  marked  progressive 
discoloration,  siidden  local  coldness  or  severe  "rest  pain,"  the  involved 
extremity  should  be  placed  at  relative  rest.  Reid  (1)  has  demonstrated 
the  importance  of  selecting  the  level  for  maintenance  of  the  most  satis- 
factory circulation  possible  under  these  circumstances.  If  the  extremity 
is  allowed  to  remain  in  a  dependent  position  for  too  extensive  a  period  of 
time,  the  veins  become  engorged,  and  this  engorgement  results  in  increased 
venous  and  capillary  pressure  and  stagnation  of  blood.  On  the  other  hand, 
if  the  extremity  is  kept  elevated,  it  becomes  blanched  and  bloodless  in 
appearance  and  the  tissues  become  ischemic,  because  the  pressure  within 
the  diseased  arteries  is  usually  insufficient  to  deliver  fresh  blood  to  the 
tips  of  the  extremit}'.  Such  elevation,  when  prolonged,  is  known  to  have 
been  a  fi-equent  cause  of  amputation  in  the  past. 

There  is  a  level,  between  these  extremes,  which  appears  to  be  the  most 
efficient  from  the  viewpoint  of  a  properly  controlled  blood  suppl.y.  This 
is  the  point  at  which  the  superficial  veins  fill  to  such  an  extent  that  they 
project  a  little  above  the  level  of  the  skin.  This  will  usualh'  be  found  from 
3  to  6  inches  (7.5  to  15  cm.)  below  the  level  of  the  heart.    Gravity  assists 

'  Presented  before  the  American  Academj-  of  Physical  Medicine,  April  28,  1941, 
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the  flow  of  arterial  blood  into  the  limb,  at  this  level,  and  the  blood  is  not 
hampered  in  its  return  by  too  greatly  increased  venous  back  pressure. 

I'ntil  the  lesion  is  healed  or  the  acute  phase  is  completely  over,  it  is  wise 
to  continue  the  rest,  after  which  activity  should  be  guardedlj'  resumed 
under  observation  until  the  return  of  the  condition  is  considered  unlikely. 
Specific  vascular  exercises  .should  be  the  only  exceptions  allowed. 

Baths.  Baths,  properly  used,  constitute  a  definite  contribution  to  the 
treatment  of  occlusive  vascular  disease.    They  may  be  grouped  as  follows: 

/.  Contrast  baths:  The  contrast  bath  is  perhaps  the  most  widely  used 
bath  for  this  type  of  condition.  Two  containers  are  placed  side  by  side. 
These  should  be  deep,  reaching  to  the  patient's  knee.  In  one,  water  at 
40.2°C.  (105°F.)  is  placed  and  in  the  other  water  at  "tap  water  tempera- 
ture," 15.5  to  20.1°C.  (60  to  70°F.)  is  used.  The  legs  are  placed  first  in 
one  and  then  in  the  other  at  intervals  varj'ing  from  one  to  three  minutes. 
The  last  immersion  should  always  be  in  the  hot  water.  Seven  alternations, 
beginning  and  ending  with  hot  water,  have  usually  been  used  in  our  clinic. 
This  treatment  should  be  given  once  or  twice  a  day,  depending  on  the 
condition  of  the  extremity.  The  theory,  upon  which  this  treatment  is 
based,  is  that  the  patent  vessels  are  exercised  by  producing  alternate  vaso- 
constriction and  vasodilatation.  However,  there  are  several  objections  to 
this  type  of  bath,  which  have  resulted  in  our  abandoning  its  u.se.  In  the 
first  place  the  most  satisfactory  containers  only  reach  to  the  knees.  The 
blockage  may  be  above  that  level  so  that,  even  though  the  contrast  baths 
may  produce  different  metabolic  demands,  the  abilit}-  to  respond  may  not 
be  achieved  at  the  level  of  the  stimulus.  Second,  when  previously  dam- 
aged vessels  are  forced  into  sudden  vasospasm,  thej'  may  stay  closed,  which 
complicates  the  situation  considerably.  Third,  we  have  found  that  there 
is  often  severe  pain  during  the  cold  phase,  perhaps  due  to  cramping  or  to 
ischemia.  Therefore,  we  have  adopted  a  modified  form  of  the  long  used 
sitz  bath  for  this  purpose. 

2.  Sitz  baths:  The  patient  sits  in  a  tub  containing  at  least  12  inches 
(30  cm.)  of  water  at  a  temperature  of  37.8  to  40.2°C.  (100  to  105°F.)  for 
twenty  to  thirty  minutes  at  least  once  a  day.  This  method  overcomes  all 
of  the  objections  to  the  contrast  bath.  (In  theory  it  does  not  exercise  the 
small  vessels  as  well.)  The  heat  extends  sufficienth'  high  to  activate  the 
collateral  vessels  from  the  trunk  and  also  the  femoral  arteries.  Xo  cold 
water  is  involved  and,  therefore,  the  risk  of  sudden  permanent  occlusion 
or  of  severe  pain  is  greatly  minimized.  If  water  at  this  temperature  seems 
to  cause  di.scomfon:,  the  temperature  should  be  reduced  to  34.4  to  3().7°C\ 
(94  to  98°F.).  The  technique  and  the  temperatures  used  in  this  type  of 
bath  will  be  recognized  as  being  verj'  similar  to  tho.se  prescribed  by  Celsus 
at  Ragaz.  Of  course,  this  type  of  bath  is  not  suitable  for  patients  who 
have  open  ulcers  or  gangrene,  because  of  the  risk  of  infection. 

3.  Whirpool  baths:  If  available,  whirpool  baths  may  further  stimulate 
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the  circulation.  The  motion  of  water  is  especially  helpful  in  removing  the 
sloughs  often  encountered  in  chronic  low  grade  ulceration.  The  tempera- 
ture of  the  water  should  be  about  the  .same  as  that  u.sed  in  sitz  baths. 
Whirlpool  baths  usually  have  the  objection  of  not  extending  high  enough 
on  the  limb. 

4.  Soaks:  In  our  clinic  we  have  largely  abandoned  wet  dressings,  because 
of  their  tendency  to  cool  even  under  the  most  favorable  conditions.  Since 
this  produces  vasoconstriction,  it  does  more  harm  than  good  by  defeating 
the  chief  aim,  that  of  improving  the  circulation  to  the  dying  cells.  We 
have  substituted  in  their  place  soaks  of  boric  acid  solution  or  physiologic 
solution  of  sodium  chloride  at  35.7  to  37.8°C.  (96  to  100°F.)  for  ulcerated 
or  gangrenous  extremities.  These  maj'  be  applied  two  or  three  times  daily 
for  fifteen  to  thirty  minutes.  The  foot  is  removed  after  each  soak,  dried 
carefully  and  placed  under  a  warm  lamp  cradle  at  31.2  to  34.3°C.  (88  to 
94°F.)  to  prevent  chilling.  The  object  is  to  allow  proper  drainage  by 
softening  and  cleaning  away  crusts  which  tend  to  lock  in  infection,  but 
once  the  infection  is  controlled,  an  attempt  should  be  made  to  produce  a 
dry  lesion  rather  than  a  wet,  macerated  one.  Healing  is  facilitated  and 
the  danger  of  infection  is  reduced  when  the  le.sion  is  dry. 

Local  heat.  Heat  is  a  problem  of  great  importance  in  the  handling  of 
arteriosclerosis  and  thromboangiitis  obliterans.  It  is  probable  that  in  the 
past  heat  has  done  more  harm  than  good,  because  of  improper  use.  Prop- 
erlj'  handled,  it  tends  to  reproduce  normal  temperature.  The  normal 
surface  temperature  rareh'  exceeds  33.8  to  35.5°C.  (93  to  96°F.).  In  order 
to  achieve  this  and  hence  stimulate  normal  metabolic  processes,  the  tem- 
perature of  the  environment  should  approximate  that  level.  ^ly  associates 
and  I,  therefore,  use  thermostatically  controlled  heat  cradles  (2)  which 
keep  the  temperature  between  30  and  34.2°C.  (86  to  94°F.).  By  careful 
watching  and  the  use  of  a  thermometer  an  equal  distance  between  the 
lamp  and  the  extremitj^,  it  is  possible  to  use  ordinary  light  bulbs,  but  the 
factor  of  error  is  great  and  the  disease  in  manj^  cases  has  been  greatly 
aggravated  by  overheating.  As  Starr  (3)  has  pointed  out,  increasing  the 
metabolic  demands  bej'ond  the  capacity  of  the  supplying  arteries,  leads 
to  increasing  gangrene.  Controlled  heat  within  these  limits  is,  in  our 
opinion,  the  only  safe  form  of  heat  for  use  in  this  condition.  The  local 
use  of  heat  lamps,  diathermy  or  short  wave  machines  is  to  be  condemned. 
I  have  seen  in  consultation  many  patients  with  severe  ulceration,  massi\  e 
necrosis  or  gangrene  which  appeared  to  have  been  precipitated  by  such 
measures:  seven  of  these  patients  lost  their  legs  and  two  died,  not  primarily 
as  a  result  of  vascular  disease,  but  rather  as  a  result  of  misapplied  treat- 
ment. I  have  emphasized  this  previously  (4).  Freeman  (5)  has  pre- 
sented experimental  work  which  explains  the  mechanism  for  the  increase 
in  the  rate  of  development  of  gangrene  associated  with  the  increase  in 
temperature  applied  to  the  areas  wdth  impaired  circulation.    Since  heat 
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produces  an  elevation  of  the  metabolism  of  the  tissues,  its  use  to  promote 
an  increase  in  the  circulation  must  be  modified  in  accordance  with  the 
functional  capacity  of  the  vessels.  In  the  presence  of  organic  obstruction, 
the  increased  metabolic  demands  of  the  tissues  produced  by  elevation  in 
temperature  may  be  greater  than  any  possible  improvement  in  the  circu- 
lation. An  additional  source  of  injury,  as  pointed  out  hy  Starr  (6)  rests 
in  the  fact  that  the  impaired  blood  supply  cannot  carry  off  the  increased 
heat  applied  from  without,  so  that  the  temperature  of  the  tissues  rises  to 
levels  which  are  definitely  injurious. 

Local  heat  is  also  of  value  in  the  treatment  of  thrombophlebitis.  Here 
it  is  highly  desirable  to  pre\'ent  continual  venous  and  arterial  spasms  and 
the  most  satisfactory  technique  of  which  I  have  knowledge  has  been  out- 
lined hy  Barker  (7)  as  follows:  The  entire  affected  limb  is  covered  with 
petrolatum  and  a  layer  of  gauze  is  applied  over  this.  Blanket  material 
is  then  soaked  in  hot  water  and  wrapped  around  the  extremity,  following 
which  a  rubber  sheet  is  applied  and  then  hot  water  bottles  (or  a  water- 
proof electric  pad)  is  laid  over  the  outside.  This  will  often  succeed  in 
breaking  a  spasm  of  the  entire  vascular  tree  and  reduce  the  risk  of  further 
activation  of  the  thrombophlebitis  very  markedly. 

Reflex  heat.  Using  a  modification  of  the  principle  emploj'ed  by  Gibbon 
and  Landis  (8),  m}-  associates  and  I  have  used  reflex  heat  as  a  therapeutic 
measure  as  well  as  to  determine  the  potential  vasodilatation  of  the  vascular 
tree.  After  trying  several  approaches,  we  have  found  the  simplest  effective 
technique  to  be  merely  the  application  of  an  electric  heating  pad  over  the 
abdomen  for  thirty  to  sixty  minutes  once  or  twice  a  daj' .  Dilatation  of  the 
vessels  of  the  extremities  (considering  the  disease  present)  is  thus  obtained. 
Great  heat  (the  maximum  compatible  with  the  safety  and  comfort  of  the 
patient)  should  be  used  with  this  device,  as  the  dilatation  occurs  from  the 
proximal  toward  the  distal  ends  of  the  extremities.  If  diathermy,  short 
wave  therapy  or  infra-red  rays  are  to  be  used  for  these  conditions,  their 
application  should  be  to  the  trunk  to  produce  reflex  vasodilatation.  For 
example,  the  maximum  vasodilatation  of  the  vessels  of  the  lower  extremi- 
ties which  we  have  observed  (produced  by  heat)  has  occurred  from  the  use 
of  short-wave  therapy  over  the  lumbar  sacral  region. 

Cold.  Cold  applications  have  been  locally  applied  over  small  thrombo- 
phlebitic  areas  in  the  past.  The  trend  is  rather  away  from  this  practice, 
but  there  are  occasional  cases  where  the  application  of  heat  seems  to  result 
in  increased  inflammation  and  a  spread  of  the  process,  which  can  at  times 
be  brought  to  a  relativelj'  abrujjt  cessation  by  the  application  of  ice  bags 
directly  over  the  area  involved.  A  protective  pad  should  be  placed  be- 
tween the  skin  and  the  ice  bag. 

^'ery  recently  experimental  work  has  been  begun  with  the  use  of  ice 
applied  to  the  legs  with  arteriosclerotic  gangrene  with  the  idea  that  the 
area  of  chill  should  be  used  to  demarcate  the  point  at  which  amputation 
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should  be  performed  and  that  it  will  decrease  the  pain  involved  in  amputa- 
tion. I  feel  that  this  technique  is,  as  yet,  too  experimental  to  warrant  its 
use  generalh'.    I  merely  mention  it  as  a  trend. 

Cold  is  also  sometimes  of  value  in  the  treatment  of  erj^thermalgia  (ery- 
thromelalgia) .  Here  the  chief  complaints  are  increased  heat  of  the  hands 
and  feet  which  are  often  relieved  by  soaking  in  cold  water.  This,  of  course 
is  not  a  cure  but  mereh'  a  palliative  application. 

Active  vascular  exercises.  1.  Buerger's  exercises:  The  exercises,  described 
by  Buerger  (9)  have  been  accepted  and  extensively  used  to  exercise  the 
vascular  tree,  to  clear  awaj^  stagnant  blood  and  to  stimulate  the  opening 
of  the  collateral  vessels. 

A  Modification  in  technique:  I  should  like  to  suggest  the  following  modifi- 
cation from  the  technique  usually  employed,  which  is  based  on  the  patho- 
logical physiology  of  each  patient.  A  test  should  first  be  made  to  deter- 
mine the  time  necessarj-  to  produce  pallor  of  the  affected  foot  by  elevation. 
The  time  necessary  to  produce  mbor  on  dependency  .should  next  be  meas- 
ured. The  times  obtained  should  be  used  in  treatment,  rather  than  any 
fixed  schedule.  For  example,  if  pallor  of  a  patient's  foot  is  induced  by 
elevation  for  two  minutes  and  rubor  is  induced  by  dependency  for  three 
and  a  half  minutes,  the  patient  .should  be  instmcted  as  follows : 

1 .  Elevate  your  feet  at  a  45°  angle  on  pillows  or  an  inverted  chair  back 
for  two  minutes. 

2.  Allow  your  feet  to  hang  over  the  edge  of  the  bed  for  three  and  a  half 
minutes. 

3.  Rest  them  on  the  horizontal  two  to  three  minutes  (this  is  an  arbitrary 
rest  period). 

4.  Repeat  this  cycle  ten  times  two  or  three  times  a  day. 

The  extremities  may  not  respond  in  the  same  time  periods  bilaterally 
in  which  case  preference  should  be  given  to  the  most  involved  limb,  the 
one  which  usually  responds  first  with  both  rubor  and  pallor.  At  regular 
intervals  the  timing  should  be  re-checked  and  the  directions  to  the  patient 
modified  in  accordance  with  the  results.  By  using  this  technique  the 
production  of  ischemic  metabolic  deficits  is  avoided.  It  is  important  that 
greater  attention  should  be  paid  to  the  temperature  of  the  room  in  which 
these  exercises  are  perfoi-med.  If  possible,  it  should  be  26.5°C.  (80°F.) 
or  above,  since  the  uncovering  of  the  extremities  in  a  cold  room  ma}'  pro- 
duce vasoconstriction,  thus  cancelling  any  possible  benefit  from  the 
exercises. 

2.-  Allen's  exercises:  Allen  (10)  has  suggested  a  modification  of  Buerger's 
procedure  which  is  of  help  providing  the  feet  are  not  too  painful.  Further 
exerci.ses  are  performed  as  follows: 

With  the  legs  hanging  over  the  edge  of  the  bed : 

1.  The  feet  are  extended  downward. 

2.  The  feet  are  raised  by  flexion  at  the  ankle  joint,  not  by  raising  the  legs. 
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3.  The  toes  arc  turned  outward  as  far  as  possible. 

4.  The  toes  are  turned  inward  as  far  as  possible. 

5.  The  toes  are  spread  with  the  feet  in  normal  position. 

6.  The  toes  are  closed. 

This  should  be  repeated  during  the  dependent  phase  of  each  cycle.  It 
in  no  way  conflicts  with  the  above  suggested  modification  of  Buerger's 
exercises. 

Prcssi(7'e  suclion  boot.  Although  \ariations  in  environmental  pressure 
have  been  employed  in  the  treatment  of  impaired  circulation  since  before 
1600  it  remained  for  Landis  and  Gibbon  (11)  and  Herrmann  and  Reid  (12) 
to  i^erfect  a  satisfactory  mechanism  for  the  use  of  the  pressure  suction  boot 
in  the  treatment  of  peripheral  vascular  disease. 

The  principle  on  which  the  modern  apparatus  is  established  depends  on 
the  hypothesis  that  blood  flow  in  an  extremity  can  be  appreciabh-  increased 
by  exposing  the  extremity  to  variations  in  pressure  from  positive  to  nega- 
tive and  back  to  positive,  continuing  such  alternations  for  the  duration 
of  the  treatment,  which  may  be  from  one  to  twenty-four  hours  or  more. 
The  extremity  is  encased  in  a  so-called  boot,  made  of  glass  or  metal  in 
which  the  pressure  changes  are  produced  by  means  of  connections  to  a 
properly  constructed  air  pump  apparatus.  The  leg  is  inserted  in  an  open- 
ing which  is  made  air  tight  by  means  of  any  one  of  a  varietj'  of  types  of 
rubber  cuffs.  There  have  been  various  disagreements  as  to  the  type  and 
timing  of  the  cycle  to  be  used  and  the  amounts  of  pressure  and  suction 
desirable.  At  the  moment,  the  most  extensively  used  cycle  approximates 
those  suggested  by  Herrmann  and  is  as  follows:  Using  atmospheric  pressure 
as  the  base  line,  one  complete  cycle  takes  fifteen  seconds.  The  first  three 
second  period  is  one  of  positive  pressure,  reaching  gradually  20  mm.  of 
mercury.  Then  there  is  a  gradual  downward  curve,  crossing  the  base  line 
in  the  third  second  and  proceeding  to  a  negative  pressure  of  minus  80  mm. 
of  mercury  at  the  eleventh  second.  A  more  rapid  return  to  the  base  line 
completes  the  cycle  in  fifteen  seconds.  This  is  repeated  continuously  for 
the  duration  of  each  treatment. 

In  order  to  make  this  technitiue  satisfactory  in  theorj'  and  practice, 
certain  objections  had  to  be  met.  To  operate  the  boot,  the  cuff  around 
the  upper  part  of  the  extremitj'  must  be  air  tight.  This  produces  a  certain 
degree  of  constriction  about  the  limb  and  thus  interferes  with  the  blood 
flow,  especially  in  the  superficial  vessels.  Several  types  of  cuff  have  been 
devised  and  some  have  at  least  partially  overcome  this  objection. 

Generally,  when  the  circulation  to  an  extremitj-  is  increased  there  is  an 
increase  in  the  surface  temperature  of  said  extremity.  At  times,  however, 
the  circulation  to  the  muscles  may  be  increased  without  a  corresponding 
surface  temperature  rise  and  vice  versa.  In  our  clinic,  we  have  noted 
that  the  temperature  of  the  limb  is  often  colder  after  this  type  of  treatment 
than  before.  Similar  exj^criences  have  been  observed  in  other  clinics. 
This  may  be  due  to  the  abo\  e  mentioned  constriction  or  to  the  continuous 
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flow  of  air  in  and  out  of  the  boot.  This  observation  has  resulted  in  the 
use  of  local  or  reflex  heat,  with  improvement  in  this  regard.  The  amount 
of  dilatation  depends  on  the  potential  capacity  of  the  vessels,  damaged  and 
undamaged.  As  is  the  case  with  all  new  or  rediscovered  methods  of  treat- 
ment, the  first  claims  for  this  method  constituted  a  rather  optimistic 
picture  of  its  value.  It  was  stated  that  it  was  of  great  value  for  arterio- 
sclerosis (senescent  and  diabetic),  thromboangiitis  obliterans,  Ra\Tiaud's 
syndrome,  acute  embolism,  frostbite  and  other  types  of  circulatory  impair- 
ment. Actual  experience  with  this  apparatus  has  greatly  narrowed  the 
indications  for  its  use.  At  present  it  appears  to  be  of  value  in  .selected 
cases  of  uncomplicated  senescent  or  diabetic  arteriosclerotic  gangrene, 
acute  embolism  or  thrombosis,  if  adequate  surgery  is  not  immediately 
available,  and  frostbite.  I  must  confess  that  I  am  not  absolutely  convinced 
of  its  unquestioned  value  in  certain  of  these  conditions,  although  we  still 
use  it  in  selected  cases.  On  the  other  hand,  definite  contraindications 
have  been  established  for  its  use. 

Pressure  suction  should  never  be  emploj^ed  in  the  presence  of  an  acute 
or  subacute  infectious  process  or  of  any  form  of  acute  or  subacute  thrombo- 
phlebitis (which  includes  most  forms  of  thromboangiitis  obliterans)  or 
*  in  any  cases  which  present  evidence  of  autolj'sis  of  the  tissues,  such  as 
cases  of  acute  emboli.sm  or  thrombosis  (e.g.  arteriosclerotic  sudden  occlu- 
sion) in  which  after  .several  da3^s  the  skin  becomes  mottled  and  blistered. 
The  results  of  its  use  in  these  conditions  maj-  be  serious.  It  appears  futile 
to  employ  it  when  the  level  of  application  of  the  cuff  is  peripheral  to  the 
level  of  arterial  blockage,  yet  this  is  constantly  happening.  Allen  and 
Brown  (13),  Conway  (1-4),  and  Wilson  and  Roome  (15)  reported  unsatis- 
factory results  in  the  treatment  of  thromboangiitis  obliterans,  and  even 
Reid  and  Herrmann  (16)  have  recently  stated  that  they  were  no  longer  so 
enthusiastic  as  to  the  ultimate  re.sults.  We  do  not  use  pressure  suction 
therapy  in  the  treatment  of  thromboangiitis  obliterans,  since  we  have 
observed  more  satisfactory  results  with  typhoid  vaccine. 

Kountz  (17)  reported  pressure  suction  to  be  of  little  use  in  experimental 
and  clinical  studies  and  devised  an  apparatus  with  a  series  of  cuffs  to  be 
applied  serially  the  length  of  an  extremity,  these  being  operated  in  sequence 
and  tending  to  "milk"  the  blood  along  the  limb.  Increasing  the  tempera- 
ture up  to  40°C.  (104°F.)  increased  the  flow  about  8  per  cent  in  normal, 
but  less  in  diseased  extremities.  A  similar  response  is  produced  by  Ionto- 
phoresis. Kountz  and  Smith  (18)  reported  encouraging  results  with  this 
apparatus  in  twenty-three  cases  of  arteriosclerosis  and  thromboangiitis 
obliterans.  Their  results  are  difficult  to  interpret,  how^ever,  because  in 
addition  to  this  mechanized  treatment  (a)  hypertonic  saline  solution  was 
given  intravenously  twice  a  w'eek,  (b)  alcohol  w-as  given  daily  by  mouth 
and  (c)  patients  with  thromboangiitis  obliterans  received  typhoid  vaccine 
intravenously. 

Additional,  more  carefully  controlled  studies  must  be  performed  to 
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evaluate  this  type  of  equipment.  I  have  hatl  no  personal  experience  with 
it. 

Reactive  hyperemia  and  intermittenl  venous  occlusion.  The  phenomenon 
of  "reactive  hyperemia"  has  long  been  recognized.  Among  the  early 
descriptions  are  those  of  Cohnheim  (19)  and  Lister  (20).  The  superficial 
manifestation  is  a  bright  flush  of  the  skin  occurring  after  release  of  a  circu- 
latory obstruction.  Bier  (21)  observed  this  phenomenon  for  many  years 
and  developed  therapeutic  procedures  based  on  the  principle  that  obstruc- 
tion and  then  release  of  the  circulation  would  produce  a  marked  circulatory 
increase  and  that  this  would  be  of  benefit  for  certain  pathologic  states. 
At  first  it  was  thought  that  this  reflex  resulted  from  vasomotor  paralysis 
produced  by  pressure  of  the  constricting  band  on  the  nerves,  but  Bier 
demonstrated  that  it  can  occur  when  every  connection  between  the  limb 
and  the  body  has  been  severed  except  the  artery  itself.  (However,  this 
apparently  does  not  include  several  of  the  sympathetic  nerves  of  the  arte- 
rial wall.)  Lewis  and  Grant  (22)  showed  that  hyperemia  of  the  skin 
occurs  on  restoration  of  the  circulation  even  though  the  cutaneous  nerves 
have  degenerated.  It  is  impossible  to  differentiate  anesthetic  skin  by  its 
reaction  from  normal  skin.  There  appears  to  be  a  reaction  wholly  inde- 
pendent not  only  of  the  central  nervous  system,  but  of  the  local  nervous 
reflexes  as  well. 

Bier  (21)  and  Zak  (23)  expressed  the  opinion  that  when  the  circulation 
is  occluded,  the  venous  blood  stagnating  in  the  vessels  causes  them  to 
contract  and  that  "reactive  hj'peremia,"  which  results  from  the  release 
of  the  circulation,  is  a  direct  response  of  the  vessels  to  the  incoming  blood. 

Katzenstein  (24)  and  Krogh  (25)  disagreed  with  this  hypothesis,  the 
latter  taking  exception  particulaily  to  the  theoiy  that  venous  blood  causes 
vessels  to  constrict,  while  arterial  blood  causes  them  to  dilate.  Bier's 
conception  depends  on  the  supposition  that  the  tone  of  the  vessels  is  in- 
creased during  occlusion  and  diminished  when  arterial  blood  enters  them. 
Lewis  and  Grant  (22)  have,  however,  submitted  evidence  that  this  is  not 
so  and  that  dilatation  of  the  vessels  responsible  for  the  cutaneous  hyper- 
emia occurs  during  the  occlusion  and  not  at  the  release. 

The  precise  mechanism  by  which  this  takes  place  has  been,  difficult  to 
establish,  involving  as  it  probably  does,  complex  intracellular  and  extra- 
cellular chemical  problems.  .4s  Roy  and  Brown  {26)  pointed  out,  it  repre- 
sents an  effort  on  the  part  of  tissues  deprived  of  proper  blood  supply  to  become 
repossessed  of  it. 

The  fact  that  hyperemia  represents  a  phenomenon  which  occurs  con- 
stantly, should  be  emphasized.  The  part  bearing  the  weight  of  the  bodj'^ 
necessarily  becomes  ischemic.  A\Tien  one  moves  about  shifting  the  weight, 
there  is  a  flood  of  blood  into  the  ischemic  tissues  compensating  for  the 
accumulated  debt  to  local  metabolism.  Necrosis  occurs  when  the  weight 
is  too  steadily  on  certain  areas,  or  when  the  vascular  tree  does  not  permit 
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this  compensation.  Instructive  studies  of  this  phenomenon  as  it  takes 
place  after  both  arterial  and  venous  obstruction  and  release  have  been 
published  by  Lewis  and  Grant  (22).  Recent  interest  in  the  subject  justi- 
fies a  brief  review  of  certain  of  their  pertinent  observations.  In  relation 
to  arterial  reactive  hj^peremia  these  authors  arrived  at  the  follomng 
conclusions : 

1.  Increase  in  the  environmental  temperature  ^\-ithin  certain  limits 
produces  a  definite  increase  in  response,  e.g.,  with  temperatures  of  15  to 
20°C.  the  increase  in  flow  on  release  of  the  constriction  was  2  cc.  in  600  cc. 
of  tissues,  whereas  at  a  temperature  of  40°C.  an  identical  plethysmographic 
experiment  produced  an  increase  of  15  to  30  cc.  of  blood  flow  per  minute 
to  600  cc.  of  tissue.  It  is,  therefore,  most  important  that  in  all  such  studies 
the  temperature  should  be  carefully  controlled. 

2.  Within  certain  limits,  the  longer  the  duration  of  occlusion,  the  greater 
is  the  duration  of  the  subsequent  hyperemia.  The  flush  usually  lasts 
approximately  one-half  to  three-quarters  as  long  as  the  preceding  occlu- 
sion. Occlusion  lasting  more  than  twentj'  minutes  is  very  uncomfortable, 
and  if  it  lasts  for  hours,  it  may  produce  paralysis  (27),  thrombosis  or  other 
serious  effects. 

3.  If  a  series  of  plethysmographic  curves  is  taken  in  which  the  periods 
of  occlusion  are  constant  and  equal  to  the  intervening  intervals,  the  individ- 
ual curves  are  identical  in  form  (only  five  successive  curves  are  reported). 

4.  Arterial  reactive  hyperemia  following  an  occlusion  lasting  ten  min- 
utes produces  a  greater  effect  than  soaking  the  arm  in  water  at  43  to  44°C. 
for  thirt}^  minutes.  (As  has  been  noted  in  this  article,  direct  heat  does 
not  produce  as  great  an  increase  in  blood  flow  as  does  reflex  heat  (28).) 

5.  According  to  comparative  studies,  exercise  produces  an  increase  in 
blood  flow  which  is  greater  in  volume  and  duration  than  that  produced  by 
reactive  hyperemia.  In  reactive  hyperemia  all  the  soft  tissues  seem  to  be 
affected,  while  in  exercise  the  effect  is  mostly  confined  to  the  muscles. 

In  relation  to  venous  reactive  hyperemia  the  authors  concluded: 

1.  AMien  occlusion  of  the  venous  return  flow  is  produced,  the  venous 
pressure  within  certain  limits  with  slight  variations,  rises  to  equal  the  cuff 
pressure. 

2.  \Mien  the  pressure  is  40  to  50  mm.  of  mercury  for  two  minutes  or 
more,  the  pulse  A'olume  begins  to  increase;  this  becomes  maximal  in  ten  to 
fifteen  minutes. 

3.  AMien  a  pressure  of  20  to  30  mm.  of  mercury  in  the  cuff  is  released  the 
plethysmographic  curve  is  that  of  a  simple  drop  to  the  base  line  as  the 
veins  empty  themselves. 

4.  If  the  cuff  pre.s.sure  has  been  higher  (40  to  60  mm.  of  mercurjO  the 
descent  of  the  curve  is  broken  hy  a  hesitation,  or  a  secondary  "hump" 
and  reactive  hyperemia  occurs. 

5.  The  size  of  this  "hump"  within  certain  limits,  is  increased  bj*  (a) 
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increasing  the  cuff  pressure,  (b)  maintaining  the  cuff  pressure  for  longer 
periods  and  (c)  raising  the  temperature. 

().  This  "hump"  is  most  prol)al)ly  produced  l)y  superimposed  arterial 
active  dilatation  and  filling  to  a  point  at  which  the  arterial  blood  is  enter- 
ing the  limb  more  rapidly  than  the  \  eins  are  emptying. 

7.  Obliteration  of  the  major  artery  supplying  the  limb  will  obliterate 
the  hump. 

8.  A'enous  congestion  carried  to  a  high  point  (a  pressure  of  70  mm.  of 
mercury)  for  five  to  ten  minutes  appears  to  yield  a  curve  of  vasodilatation 
not  unlike  the  amplitude  and  duration  produced  by  a  somewhat  shorter 
period  of  arterial  occlusion. 

9.  The  release  of  \  enous  congestion  in  a  normal  limb  is  followed  by  flush 
displacing  the  cyanosis  and  var\'ing  in  duration  with  the  degree  and  dura- 
tion of  the  previous  congestion. 

'"The  phenomenon  of  reactive  hyperemia  is  related  in  its  degree  to  onefcu:tor — 
namely,  to  the  blood  flow  debt  which  is  usually  a  product  of  the  amount  by 
ivhich  flow  is  reduced  and  the  time  over  which  the  reduction  has  been  main- 
tained." 

Abramson  and  his  co-workers  (29)  using  plethysmographic  machines, 
have  recently  presented  further  e\-idence  confirming  this  observation  of 
Lewis  and  Grant. 

The  hyperemia  is  a  result  of  the  active  dilation  of  those  vessels  which 
are  responsible  for  the  color  of  the  skin,  namely  the  arterioles,  capillaries 
and  venules.  As  has  been  noted,  the  mechanism  is  extremely  comjjiex; 
the  nervous  reaction  theory  appears  luitenable.  Other  factors,  such  as 
oxygen  deficiency  and  accumulation  of  carbon  dioxide  or  of  other  metabo- 
lites, for  instance  pituitary  hormones,  have  been  studied  without  con- 
clusive results. 

The  problem  of  possible  therapeutic  application  of  these  principles  has 
been  empha.sized  by  liier  and  more  recently  by  C'ollens  and  Wilcnsky  (30) 
who  developed  an  "intermittent  venous  hyperemia  machine"  capable  of 
reproducing  a  cycle  with  the  pressure  and  timing  believed  desirable. 

We  must  con.sider  carefully  several  questions  in  this  regard.  Since  the 
phenomenon  of  reactive  hyperemia  depends  on  and  is  related  directly  to  a 
receding  "blood  flow  debt"  accumulated  during  the  period  of  occlusion, 
is  it  beneficial  or  dangerous  to  tissues  which  are  barely  receiving  sufficient 
nouri.'^hment  for  life  to  go  through  periods  of  increased  nutritional  debt, 
even  though  the  hyperemia  may  compensate  later? 

These  and  many  other  questions  must  be  answered  before  the  theoretic 
conclusions  are  accepted  as  satisfactory.  \eal  and  McCord  (31)  have 
studied  the  effects  of  complete  arterial  occlusion  and  intermittent  A  enous 
occlusion  on  the  oxygen  content  of  the  blood  with  the  following  results: 
After  complete  arterial  occlusion  of  the  arm  for  five  to  eight  minutes,  fol- 
lowed b\'  release,  the  oxygen  saturation  of  the  blood  from  the  antecubital 
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vein  showed  a  definite  rise  in  one  minute  in  nine  of  eleven  cases.  The 
saturation  then  decreased  at  varying  rates.  After  intermittent  venous 
occlusions,  the  tendency  was  reversed.  In  eight  of  eleven  cases,  there  was 
a  definite  decrease  in  oxygen  saturation  of  the  blood  at  the  end  of  one 
minute  after  release  of  the  compressions.  There  was  no  change  of  sig- 
nificance at  the  end  of  three  minutes.  The  point  is  thus  brought  up  as  to 
whether  by  "u.sing  the  cycle  2:2  or  2:1  minutes"  and  the  compression 
recommended  (25  to  80  mm.  of  mercury)  true  reactive  hyperemia  is  pro- 
duced. Perhaps  the  fatigue  phenomenon  previou.sly  mentioned  entered 
into  these  studies.  Xo  mention  is  made  of  the  possibility.  Allen  and 
McKechnie  (32)  studied  the  effect  of  intermittent  venous  occlusion  on  the 
cutaneous  temperature  under  controlled  conditions.  In  nineteen  patients 
(nine  normal  subjects  and  ten  persons  with  hypertension,  arthritis  and 
peripheral  vascular  disease)  they  found  no  evidence  that  anj'  significant 
or  consistent  vasodilatation  of  the  vessels  of  the  skin  resulted  from  this 
procedure. 

It  is  extremely  difficult  to  evaluate  clinically  intermittent  venous  hyper- 
emia or  the  hyperemia  of  Bier.  It  seems  that  Bier's  hyperemia  has  been 
largely  abandoned  in  the  United  States,  either  because  of  lack  of  conclusive 
therapeutic  results  or  because  more  modern  methods  appear  to  offer  greater 
promise.  I  have  never  been  impressed  with  the  clinical  results  of  this 
technique  in  the  treatment  of  arteriosclerosis  obliterans,  or  thrombo- 
angiitis obliterans  and  have  long  since  ceased  to  use  it. 

In  all  fairness  we  must  consider  that  the  status  of  intermittent  venous 
hyperemia  is  not  definitely  established.  Collens  and  Wilensky  have  re- 
peatedly reported  excellent  results  as  following  its  use,  but  many  of  their 
patients  were  also  treated  A\dth  a  routine  "vascular  regimen"  involving 
abstinence  from  tobacco,  warmth  and  rest  (in  certain  cases)  and  the.se 
factors  cloud  the  picture  somewhat,  de  Takats,  Hick  and  Coulter  (33) 
reported  favorably  on  the  use  of  this  technique  in  a  series  of  ten  cases,  but 
their  conclu.sions  were  weakened  b\^  the  fact  that  other  treatments  were 
used  simultaneously  and  their  series  was  too  limited  in  numbers  to  warrant 
the  drawing  of  any  positive  conclusions. 

Kramer  (34) ,  Brown  and  Arnott  (35)  and  Wilson  and  Ogston  (36)  have 
also  reported  favoi'ably  on  this  technique. 

In  the  vascular  disease  clinic  and  on  the  wards  of  the  New  York  Post- 
Graduate  Medical  School  and  Hospital  we  studied  and  used  this  apparatus 
in  twenty-three  cases  over  a  period  of  about  one  year.  Occlusive  condi- 
tions of  varying  severity  were  included,  some  advanced  and  severe,  with 
gangrene;  others  early  and  less  severe,  without  gangrene.  The  cuff  was 
active  on  certain  patients  practically  continuously  for  as  long  as  six  weeks, 
so  that  it  cannot  be  charged  that  it  was  not  given  a  satisfactory  opportu- 
nity to  show  its  worth.  We  are  perfectly  -\nlling  to  admit  the  difficulty  of 
attempting  to  evaluate  the  effects  of  any  therapy  on  the  course  of  such 
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conditions,  but  the  nipnihors  of  our  clinic  wvvv  not  convinced  of  the  \alue 
of  the  method  and  in  some  instances  it  was  felt  to  have  been  harmful. 
Therefore,  it  was  discontinued  as  a  routine  measure. 

Certain  contraindications  for  its  use  became  obvious:  1)  a  level  of 
arterial  blockage  above  the  U^vel  of  the  cuff;  2)  active  and  spreading  infec- 
tion of  the  wountl,  esp(>cially  with  streptococci  or  anaerobic  bacteria;  3) 
extreme  toxicity  of  the  patient  and  4)  increased  pain  with  the  use  of  the 
machine.  (Collens  and  Wilensky  suggested  using  a  25  mm.  pressure  in 
certain  cases.  Lewis  and  Clrant  have  shown  that  reactive  venous  hyper- 
emia probabh'  does  not  occur  to  any  appreciable  amount  at  this  pressure). 

A  compression  of  60  mm.  of  mercury  and  a  cycle  at  two  minutes  "on" 
and  two  minutes  "off"  is  optimal  for  most  cases.  If  the  patient  tolerates 
the  treatment  well,  it  may  last  from  one  hour  to  several  months.  Reflex 
heat  is  advisable,  but  I  do  not  advise  the  use  of  short  wave  therapy  or 
diathermy  for  the  involved  foot  as  suggested  by  Collens  and  Wilensky  (30). 

The  "ras-osciUating  bed."  Tlie  motor  bed  is  a  form  of  mechanical  treat- 
ment which  has  recently  been  used  in  a  number  of  clinics  and  was  originallj^ 
described  by  Sanders  (37). 

The  head  and  feet  of  the  patient  are  alternately  elevated  and  lowered, 
by  means  of  this  bed,  making  a  complete  cycle  taking  from  one  to  three 
minutes  depending  on  the  regulation  of  the  mechanism.  In  this  way  the 
principle  of  Buerger's  exerci.ses  may  be  continuously  applied  throughout 
the  twenty-four  hours.  The  movement  is  smooth;  the  patient  soon 
becomes  accustomed  to  it,  and  we  have  patients  who  have  used  these  beds 
for  as  long  as  four  years.  Many  of  them  have  continued  to  use  their  beds 
during  the  sleeping  hours  long  after  their  open  lesions  have  healed.  The 
degree  of  tilting  and  speed  of  the  cycle  can  be  regulated  within  reasonable 
limits.  The  object  is  to  exercise  the  arteries,  which  are  still  able  to  func- 
tion by  producing  rubor  and  pallor  (engorgement  and  ischemia)  as  with 
the  Buerger  exercises,  but  continuously  and  without  fatigue  to  the  patient. 
The  procedure  is  gentle,  involves  no  constricting  bands  and  appears  theo- 
retically sound,  especially  for  the  treatment  of  arteriosclerosis  with  or 
without  gangrene.  ^ly  associates  and  I  use  a  thermostatically  controlled 
cradle  at  94°F.  (34.2°C.)  for  auxiliary  treatment.  We  have  now  had  the 
opportunity  to  study  more  than  one  hundred  cases.  Clinical  impressions 
are  often  deceptive  guides  and  experimental  studies  are  difficult  to  evaluate 
with  this  apparatus,  but  to  date  the  workers  in  our  clinic  and  in  many  other 
clinics  (38)  have  been  favorably  impressed.  Ulcers  have  been  healed  in 
certain  patients  in  whom  the  pressure  suction  boot  and  reactive  hyperemia 
machine  were  complete  failures.  Many  patients  who  are  made  very 
uncomfortable  by  the  action  of  the  boot  or  the  cuff  can  use  this  equip- 
ment. Thus  far  the  indication  for  its  use  appears  to  be  in  advanced 
arteriosclerosis  of  the  vessels  of  the  legs  with  impending  or  actual  early 
gangrene.  The  result  obtained  in  certain  patients  with  such  an  involve- 
ment has  been  encouraging  in  that  the  symptomatic  progress  of  the  condi- 
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tion  has  been  arrested  and  reversed,  with  improvement  and  heaUng.  In 
this  type  of  condition  progress  is  slow,  and  we  find  it  usually  necessary  to 
keep  the  patient  on  the  bed  for  at  least  one  month.  Treatments  of  a  few 
hours  duration  are  not  satisfactory,  in  our  experience.  We  have,  there- 
fore, set  a  minimum  in  our  clinic  of  eight  hours  a  day.  It  rarely  seems 
necessary  to  emplo.v  the  bed  for  patients  with  thromboangiitis  obliterans, 
since  the  proper  use  of  typhoid  vaccine  is  satisfactory  in  most  cases. 

Mecholyl  Iontophoresis.  Mecholyl  Iontophoresis,  first  described  by 
Kovacs  (39),  appears  to  have  a  definite  place  in  the  therapy  of  peripheral 
vascular  diseases.  The  treatment  is  as  follows:  to  ^  per  cent  aqueous 
solution  of  Mecholyl  is  applied  over  the  area  to  be  treated,  hy  means  of  a 
sheet  of  saturated  asbestos  paper.  A  malleable  electrode  is  wrapped 
around  this  asbestos,  making  certain  that  no  area  of  the  skin  comes  in 
contact  with  the  electrode.  This  is  attached  to  the  positive  pole  of  a 
galvanic  machine.  A  negative  electrode  is  used  on  the  back  or  elsewhere 
on  the  body.  It  should  be  a  large  pad,  preferably  ten  by  twelve  inches 
and  should  be  moistened  thoroughly  with  water  before  being  applied. 
Treatments  are  from  twenty  to  thirty-five  minutes  duration,  using  from 
fifteen  to  twenty  milliamperes  of  current. 

Mecholyl  is  a  definite  and  powerful  para.S3'mpathetic  stimulant,  resulting 
in  an  increased  blood  flow  in  the  local  areas  involved,  in  addition  to  certain 
general  reactions  \\'hich  have  been  described  in  detail  in  various  papers 
from  our  clinic.  In  the  event  of  any  untoward  symptoms  (which  have  been 
very  rarely  noted)  an  injection  of  atropine  will  bring  about  a  prompt 
termination  of  the  effects  of  Mecholyl.  Indications  for  this  form  of  ther- 
apy are  as  follows: 

1.  Post-phlebitic  or  varicose  ulcers.  This  treatment  is  not  intended 
to  eliminate  the  proper  treatment  of  varicose  veins  by  means  of  injections, 
ligations,  etc.,  but  rather  to  supplement  it  by  improving  the  local  circula- 
tion which  will  help  in  the  healing  of  these  chronic  ulcers.  We  have 
treated  more  than  one  hundred  and  fifty  cases.  Of  the.se  approximately 
30  per  cent  have  failed  to  respond,  but  many  intractible  ulcerated  areas 
have  been  healed,  including  some  with  a  continuous  history  for  a  period  of 
from  twelve  to  twenty-three  years  and  which  had  failed  to  heal  under  a 
great  variety  of  other  methods  and  treatments. 

2.  Murph}^  (40),  Montgomery  (41),  and  others  have  reported  some 
value  in  this  form  of  therapy  in  the  treatment  of  acute  thrombo-phlebitis. 
We  have  seen  a  few  instances  in  our  own  series  in  which  it  seemed  to  be 
helpful.  It  should,  therefore,  be  kept  in  mind  as  a  possibility  for  this 
type  of  condition. 

3.  Pernio.  The  serious  ulcers  of  pernio  (advanced  chill  blains)  which 
respond  to  practicall}'  no  other  form  of  therapy,  have  been  veiy  favorably 
influenced  b}^  the  use  of  Mecholyl  Iontophoresis  as  described  by  McGovern 
and  myself  (42). 

4.  Uncomplicated  Raj'naud's  Syndrome.    Mechoh  l  Iontophoresis  will 
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prol)al)ly  not  effect  the  ultimate  eourse  of  this  syndrome,  hut  during  the 
cold  months  will  decrease  the  frequency  and  severity  of  attacks  in  many 
patients.  It  tends  to  tide  them  over  the  severe  winter  months,  whereas 
during  the  warm  months  nature  provides  adecjuate  vasodilatation,  and 
attacks  do  not  occur  with  the  intensity  with  which  they  do  in  the  winter. 

5.  Scleroderma.  While  the  treatment  of  Scleroderma,  medically  or 
surgically,  has  failed  to  produce  a  definite  cure,  Mecholyl  still  appears  the 
only  form  of  therapy  which  produces  a  definite  effect  in  an  aijpreciable 
percentage  of  the  patients.  In  more  than  40  per  cent  of  our  series  (which 
was  first  reported  by  Duryee  and  m>-self  (43))  a  definite  impro\-ement  has 
followed  the  use  of  Mecholyl  Iontophoresis  over  a  protracted  period  of 
time.  It  is  often  necessary  for  the  patient  to  have  two  or  three  treatments 
a  week  for  many  months.  We  had  in  our  series,  for  example,  an  Italian 
woman  aged  54  who  had  been  bed-ridden  for  seven  years,  unable  to  feed 
herself  or  care  for  herself  in  any  way  becau.se  of  her  advanced  Scleroderma, 
involving  the  hands,  forearms,  face  and  various  other  parts  of  the  body. 
Following  a  total  of  one  hundred  and  forty  treatments  with  Mecholyl 
Iontophoresis,  she  takes  care  of  all  her  household  duties,  including  washing 
and  ironing  and  this  improveriient  has  been  maintained  for  more  than  four 
and  a  half  years  to  date.  Her  hands  are  practically  normal  as  regards  gen- 
eral usefulness.  In  certain  patients,  however,  other  portions  of  the  body 
surface  affected  with  Scleroderma  have  become  .softer  and  more  pliable, 
whereas  the  skin  of  the  fingers  has  remained  most  resistant  to  therapy. 

SUMMARY 

An  effort  has  been  made  to  evaluate  the  present  usefulness  of  various 
physical  measures  in  the  treatment  of  peripheral  vascular  disea.ses.  It 
should  be  pointed  out  that  these  agents  represent  only  a  portion  of  the 
whole  therapeutic  picttire,  which  al.so  includes  the  problems  of  tobacco, 
the  local  care  of  the  lesions  and  of  the  extremities,  the  use  of  drugs,  typhoid 
vaccine,  ti.ssue  extracts,  alcohol  and  the  numerous  techniques  in  the  surgical 
field.  Anyone  purporting  to  treat  these  conditions  must  be  thoroughly 
familiar  with  the  entire  field  of  therapy. 

Physical  agents  are,  however,  important  and  it  appears  well  worthwhile 
to  re\iew  their  indications  and  contraindications  at  this  time.  Today 
many  of  these  problems  are  contro\'ersial.  The  final  answers  must  await 
the  accumulation  of  further  clinical  experience  and  experimental  data. 

BIBLIOGRAPHY 

(1)  Reid,  X.  K. :  A  general  consideration  of  blood  supply  in  the  practice  of  medicine 

and  surgery.    South.  M.  J.,  26:  107,  1933. 

(2)  Those  used  by  us  were  made  by  the  Valv-erde  Laboratories,  New  York. 

(3)  St.\rr,  I.,  Jr.:  .A.  thcrraorcgulated  foot  cradle  for  the  treatment  of  peripheral 

vascular  disease.    Proc.  Soc.  Exper.  Biol.  &  Med.,  29:  166,  1931. 

(4)  Wright,  I.  S.:  Physical  therapy  in  peripheral  vascular  disease.    Arch.  Phys. 

Therapy,  19:  161,  1938. 


1142 


IRVING  S.  "«TiIGHT 


(5)  Freeman,  N.  E.:  Influence  of  temperature  on  development  of  gangrene  in 

peripheral  vascular  disease.    Arch.  Surg.,  40:  326,  1940. 

(6)  Starr,  I.,  Jr.:  Use  of  heat  desiccation  and  oxygen  in  the  local  treatment  of 

advanced  peripheral  vascular  disease.    Am.  J.  M.  Sc.  187  :  498,  1934. 

(7)  Barker,  X.  W.:  Physical  agents  in  the  treatment  of  circulatorj'  diseases  of  the 

extremities.    Arch.  Phys.  Therapy,  17:  554-560,  1936. 

(8)  Gibbon,  J.  H.,  Jr.,  .\nd  Landis,  E.  M.:  Vasodilatation  in  lower  extremities  in 

response  to  immersing  forearms  in  warm  water.  J.  Clin.  Investigation, 
2: 1019, 1932. 

(9)  Buerger,  L.:  The  Circulatory  Disturbances  of  the  Extremities.  Philadelphia, 

W.  B.  Saunders  Co.,  1924. 

(10)  Allen,  A.:  Recent  advances  in  the  treatment  of  circulatory  disturbances  of  the 

extremities.    Ann.  Surg.,  92:  931,  1930. 

(11)  Landis,  E.  M.,  .and  Gibbon,  J.  J.  Jr.:  The  effects  of  alternation  suction  and 

pressure  on  circulation  in  the  lower  extremities.    Proc.  Soc.  Exper.  Biol. 
&  Med.,  30:  593,  1933. 
The  effects  of  alternate  suction  and  pressure  on  blood  flow  to  the  lower 
extremities.    J.  Clin.  Investigation  12:  925,  1933. 

(12)  Herrmann,  L.G.:  Syphilitic  peripheral  vascular  disease:  treatment  by  means  of 

an  intermittent  negative  pressure  environment.    Am.  J.  Syph.,  Gonor. 
.   &  Ven.  Dis.,  17:  305,  1933. 
Herrmann,  L.  G.,  and  Reid,  M.  R.:  The  pavex  (passive  vascular  exercise) 
treatment  of  obliterative  arterial  diseases  of  the  extremities.    J.  Med., 
14:  524,  1933. 

Herrmann,  L.  G.:  Passive  Vascular  Exercises.    Philadelphia,  J.  B.  Lippincott 
Co.,  1936. 

(13)  Allen,  E.  V.,  and  Brown,  G.  E.:  Intermittent  pressure  suction.    J.  A.  M.  A., 

105:  2029,  1935. 

(14)  Conway,  J.  H.:  Obliterative  vascular  disease:  report  of  fiftj'-one  cases  treated 

with  passive  vascular  exercise.    J.  A.  M.  A.,  106:  1153,  1936. 

(15)  Wilson,  H.,  AND  RooME,  X.  W.:  Passive  vascular  exercise:  observations  on  its 

value  in  the  treatment  of  peripheral  vascular  diseases.  J.  A.  M.  A., 
106:  1885,  1936. 

(16)  Reid,  M.  R.,  .and  Herrmann,  L.  G.:  Xon-operative  treatment  of  peripheral 

vascular  diseases.    Ann.  Surg.,  102:  321,  1935. 

(17)  KouNTZ,  W.  B.:  Re-establishment  of  circulation  in  extremities.    Arch.  Phys. 

Therapy,  20:  157,  1939. 

(18)  KouNTZ,  W.  B.,  -AND  Smith,  J.  R.:  Observations  on  passive  vascular  exercise 

and  other  forms  of  treatment  of  peripheral  vascular  disease.  Am.  Heart. 
J.,  16:  55,  1939. 

(19)  CoHNHEiM,  J.:  Untersuchungen  iiber  die  Embolischen  Prozesse.    Berlin,  A. 

Hirschwald,  1872. 

(20)  Lister:  Bull.  Acad,  de  med.,  Paris,  8:  640,  1878,  (cited  by  Lewis  and  Grant). 

(21)  Bier,  A.:  Hyperamie  als  Heilmittel,  ed  2.    Leipzig,  F.  C.  W.  Vogel,  1905; 

Contributions  to  the  Phj'siology  and  Pathology  of  Circulation.  Trans- 
lated by  J.  B.  Linn,  Xew  York,  privately  printed,  1905. 

(22)  Lewis,  T.,  and  Grant,  R.:  Observation  upon  reactive  hyperemia  in  man. 

Heart,  12:  73,  1925. 

(23)  Zak,  E.:  Ueber  den  Gefasskrampf  bei  intermittierenden  Henken  und  iiber 

gewisse  papillomotorische  Erscheinungen.  Wien,  Arch.  f.  inn.  Med.,  2: 
405,  1925. 

(24)  Katzenstein,  M.:  Ueber  Entstehung  and  Wesen  des  arteriellen  Collateral- 

kreislaufs.    Deutsche  Ztschr.  f.  Chir.,  77:  169,  1905. 


PERIPHERAL  VASCULAR  DISEASE 


1143 


(25)  Krogh,  a.:  The  Anatomy  and  Physiology  of  Capillaries.    New  Haven,  Yale 

Univ.  Press,  1922. 

(26)  Roy,  C.  S.,  .\xd  Browx,  J.  G.:  The  blood  pressure  and  its  variations  in  the 

arterioles,  capillaries  and  smaller'veins.  J.  Physiol.,  2:  323,  1879,  cited 
by  Lewis  asd  Gr.\nt  (22). 

(27)  vox  VoLKM.\xx,  R.,  PiTH.\,  F.  A.,  .\XD  Billroth,  T.:  Handhuch  der  allgemcinen 

and  spcziellen  Chirurgie.    Stuttgart,  Ferdinand  Enke,  2:  846,  1882. 

(28)  WiLKixs,  R.  W.,  Doi  PE,  J.,  .\XD  Xew.m.v.n,  H.  W.:  The  rate  of  blood  flow  in 

normal  fingers.    Clin.  Sc.,  3:  403,  1938. 

(29)  Abr.\msox,  D.  I.:  Personal  communication. 

(30)  CoLLEXS,  W.  S.,  .\ND  WiLEXSKY,  X.  D.:  (a)  The  treatment  of  peripheral  ob- 

literative  arterial  diseases  by  the  use  of  intermittent  venous  occlusion. 
J.  A.  M.  A.,  107:  1960,  1938.  (b)  Intermittent  venous  compression  in  the 
treatment  of  peripheral  vascular  disease.  Am.  Heart  J.,  11:  705,  1936. 
(c)  An  apparatus  for  the  production  of  intermittent  venous  occlusion. 
Ibid.,  11:  721,  1936.  (d)  Peripheral  Vascular  Diseases.  Springfield, 
111.  Charles  C.  Thomas,  1939. 

(31)  ^'E.\L,  J.  R.,  .\XD  McCoRD,  W.  M. :  Blood  o.xygen  changes  following  intermittent 

venous  occlusion.    Am.  Heart  J.,  17:  401,  1939. 

(32)  Allex,  E.  v.,  axd  McKechxie,  R.  E.  Jr.:  Effect  of  intermittent  venous  oc- 

clusion on  the  circulation  of  the  extremities;  studies  of  skin  temperature. 
J.  Lab.  &  Clin.  Med.,  22:  1260,  1937. 

(33)  deT.\kats,  G.,  Hick,  F.  K.,  .\xd  Coulter,  J.  S.:  Intermittent  venous  hyper- 

emia in  the  treatment  of  peripheral  vascular  disease.  J.  A.  M.  A.  108: 
1951,  1937. 

(34)  Kr.\mer,  D.  W.:  Periodic  or  intermittent  venous  compression  in  the  treatment 

of  peripheral  vascular  disease.    M.  Rec,  147:  99,  1938. 

(35)  Browx,  J.  J.  M.,  and  Arxott,  W.  M.:  Intermittent  venous  occlusion  in  the 

treatment  of  obUterative  vascular  disease.    Brit.  M.  J.,  1:  1106,  1937. 
Treatment  of  obliterative  vascular  disease  by  intermittent  venous  occlusion: 
further  observations.    Ibid,  1:  616,  1938. 

(36)  Wilson  C,  axd  Ogstox,  A.  G.:  Treatment  of  peripheral  vascular  disease  by 

intermittent  venous  occlusion:  new,  simple  and  inexpensive  method. 
Lancet,  1:  606,  1938. 

(37)  S.A.XDERS,  C.  E.:  Cardiovascular  and  peripheral  vascular  disease:  treatment  by 

means  of  a  motorized  oscillating  bed.    J.  A.  M.  A.,  106:  916,  1936. 

(38)  Baker,  X.,  and  Roth,  G.:  Treatment  of  occlusive  arterial  disease  of  legs  by 

means  of  Saunders  vasodilator  (Saunders'  bed).  Am.  Heart  J.,  18:  312, 
1939. 

(39)  KoVACS,  J.:  The  iontophoresis  of  acctyl-beta  methyl  choline  chloride  in  the 

treatment  of  chronic  arthritis  and  peripheral  vascular  disease.  Am.  J. 
M.  Sc.,  188:  32,  1934. 

(40)  Murphy,  H.  L.:  Treatment  of  thrombophlebitis  with  acetyl-beta  methyl 

choline  chloride  iontophoresis.    Surg.  Gj'nec.  &  Obst.,  65:  100,  1937. 

(41)  Montgomery,  H.:  Acetyl-beta  methyl  choline  chloride  iontophoresis  in  non- 

arterial  peripheral  vascular  disease.    Am.  J.  M.  Sc.  201:  277,  1941. 

(42)  McGovern,  T.,  Wright,  I,  and  Krueger,  E.:  Pernio,  a  vascular  disease. 

Presented  before  the  Vascular  Section  (June,  1940)  of  the  Am.  Heart 
Assoc.  and  accepted  for  publication  Am.  Heart  J. 

(43)  Duryee,  A.  W.,  AXD  Wright,  I.  S.:  Treatment  of  scleroderma  by  means  of 

mecholyl  iontophoresis.    Am.  Heart  J.,  14:  603,  1937. 


CALCIFICATION    OF   THE    PERICARDIU.M   AND  CHRONIC 
CARDIAC  CO:\IPRESSION 


Report  axd  Discussion  of  Four  Cases 

WALLACE  M.  YATER,  M.D.,  F.A.C.P. 
[Professor  of  Medicine,  Georgetown  University  School  of  Medicine,  Washington,  D.  C.J 

Most  internists  have  become  conscious  of  the  existence  of  the  syndrome 
of  chronic  cardiac  compression  in  its  full-blo\™  form  of  Pick's  syndrome. 
Beck  (1)  has  popularized  the  triad  of  the  small  quiet  heart,  ascites,  and 
high  venous  pressure  as  the  pathognomonic  criteria  of  this  syndrome.  The 
diagnosis  of  chronic  constrictive  pericarditis  is  most  often  employed  for 
cases  presenting  this  clinical  picture,  and  the  old  concept  of  chronic  ad- 
hesive pericarditis  is  now  rarely  used. 

Although  the  outspoken  syndrome  is  easily  recognizable  when  the  condi- 
tion is  kept  in  mind,  there  are  still  many  features  of  chronic  cardiac 
compression  that  are  not  generally  known.  For  instance,  the  early 
manifestations  are  often  overlooked.  It  is  hoped  that  a  report  and  discus- 
sion of  four  cases  of  calcification  of  the  pericardium,  which  constitute  only  a 
part  of  the  cases  of  chronic  constrictive  pericarditis  that  have  come  under 
my  observation,  will  be  helpful  in  detecting  this  condition  in  its  earlier 
course. 

PATHOLOGY  AXD  ETIOLOGY 

Thickening  and  scarring  of  the  pericardium,  with  or  without  the  deposi- 
tion of  calcium,  is  the  essential  feature  of  the  underlying  pathology  of 
chronic  cardiac  compression.  The  precursor  of  this  lesion  is  probably 
alwaj^s  an  inflammation  of  the  pericardium,  rarely  if  ever  associated  with 
myocarditis  or  endocarditis.  It  is  often  impossible  to  determine  the 
etiologic  agent  responsible  for  the  pericarditis,  and,  in  fact,  the  original 
inflammation  of  the  pericardium  may  have  passed  unrecognized.  The 
etiologic  agent  of  rheumatic  fever  is  probably  rarely  if  ever  the  cause,  since, 
although  rheumatic  pericarditis  with  resulting  adherent  pericardium  and 
pleuropericardial  adhesions  is  common,  the  thickening  of  the  pericardium 
is  not  sufficient  to  compress  the  heart.  Thus,  the  s\-ndrome  of  chronic 
cardiac  compression  is  not  observed  in  cases  of  rheumatic  heart  disease. 

Tuberculous  infection  of  the  pericardium  is  known  to  lead  at  times  to 
thickening  and  calcification  of  the  pericardium  sufficient  to  seriously 
compress  the  heart.  Even  so,  the  condition  of  chronic  compression  of  the 
heart  is  rarely  noted  among  patients  with  clinical  tuberculosis,  although 
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pericarditis  is  not  rare.  Cases  of  piunimococcal  and  staphylococcal  peri- 
carditis undoubtedly  result  at  times  in  sufficient  scarring  with  calcification 
to  pro(hic(>  cardiac  compression.  Influenza  has  al.>;o  l)een  indicted.  How  - 
ever, a  re\  ie\v  of  the  literature  reveals  few  cases  in  which  a  definitely  pro\-e(l 
etiology  has  been  establi.shed,  although  numerous  conclusions  have  i)een 
reached.  For  instance,  of  93  cases  of  calcification  of  the  pericardium 
collected  or  reported  by  Turner  (2)  there  were  practically  none  in  which 
the  etiology  was  clearly  established.  White  (3)  adduced  a  tulxMculous 
etiology  definitely  in  2  of  15  cases  of  constrictive  pericarditis  and  (juestion- 
ably  in  2  others,  but  none  of  these  had  calcium  deposits.  Burwell  and 
Blalock  (4)  stated  that  constrictive  pericarditis  was  almost  certainly  tuber- 
culous in  origin  in  Hi  of  19  ca.ses  but  did  not  mention  the  incidence  of 
calcification.  It  would  appear  best  at  pre.^^ent  to  keep  an  open  mind  as  to 
the  etiology  of  scarring  of  the  pericardium,  with  or  without  calcification, 
unless  it  is  beyond  ([uestion.  Only  thus  can  accurate  data  be  collected. 
A  tuberculous  etiology  is  suggested  in  three  of  the  four  cases  to  be  reported, 
but  one  .should  not  be  dogmatic  on  that  point. 

Simple  scarring  by  fibrous  thickening  is  considerably  more  common  than 
extensive  calcification.  The  extent  of  the  calcification  varies  greatly  from 
a  few  plaques  in  a  scarred  pericardium  to  an  extensive,  thick  casing.  There 
is  .sometimes  .some  incrustation  of  calcium  also  in  the  superficial  portion  of 
the  myocardium. 

I  have  not  completely  reviewed  the  literature  in  regard  to  the  number  of 
reported  cases  of  calcification  of  the  pericardium,  but  Turner  (2)  in  1924 
collected  89  cases  and  added  3  of  his  own.  Youmans  (5)  added  1  case  in 
1924  and  2  more  cases  in  I92G,  Smith  and  Willius  (7)  published  their 
.series  of  15  cases  in  1932,  Lian,  Marchal  and  Pautrat  (8)  described  2  ca.ses 
in  1933,  Beck  and  Cushing  (9)  noted  calcification  in  3  of  9  cases  of  cardiac 
compression  reported  in  1934,  White's  (3)  series  reviewed  in  1935  contained 
()  cases  of  constrictive  pericarditis  with  .some  calcification,  Turner  and 
-Moore  (10)  reported  a  case  in  1937,  Leaman  and  Va.stine  (11)  added  1  case 
in  1940,  and  Crimm,  McDonald  and  C'ook.son  (12)  described  another  in  the 
.same  year.  There  have,  therefore,  been  reported  at  least  124  ca.ses,  and 
the  4  now  added  bring  the  number  to  128.  The  exact  number  of  recorded 
cases  is  not  important,  but  the  approximate  number  indicates  the  relative 
rarity  of  the  condition. 

PATHOLOGICAL  PHYSIOLOGY 

Burwell  and  Blalock  (4)  have  summarized  well  the  circulatory  alterations 
of  chronic  constrictive  pericarditis.  The  main  features  are  as  follows, 
with  considerable  variation  in  some  of  them: 

1 .  Increa.se  in  the  venous  pre.s.sure,  always  pre.sent,  persistent  but  some- 
times fluctuating. 

2.  Moderately  decreased  arterial  pre.s.sure,  u.sually  with  a  small  pulse 
pressure,  and  sometimes  with  pulsus  paradoxus. 
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3.  Small  pulse. 

4.  ^Moderate  tachycardia,  not  necessarilj-  present. 

5.  Diminution  of  excursion  of  the  ventricles,  usually  more  marked  on 
the  right  side. 

6.  Increase  in  total  blood  volume,  probabh'  common. 

7.  Diminished  velocity  of  blood  flow  in  many. 

8.  Decrease  in  the  cardiac  output,  common. 

9.  Venous  distention,  common. 

10.  Engorgement  of  the  liver,  very  common. 

1 1 .  Edema,  ascites,  and  pleural  effusions,  not  always  present. 

12.  Weakness,  fairh'  common. 

13.  Cyanosis,  often  absent. 

14.  Lowered  tolerance  to  exercise,  common. 

15.  Electrocardiographic  alterations,  most  commonlj-  low  voltage  and 
inversion  of  T  waves,  sometimes  auricular  fibrillation,  partial  heart 
block,  and  right  axis  deviation. 

16.  Decrease  in  movability  of  the  heart  and  shift  of  the  electrical  axis 
vnth  change  of  position  of  the  body,  common. 

SYMPTOMATOLOGY 

There  is  great  variation  in  the  symptoms  of  chronic  cardiac  compression. 
Dj'spnea  on  exertion  is  common,  but  it  is  not  a  frequent  complaint.  En- 
largement of  the  abdomen  occurs  in  those  cases  with  ascites.  Hepato- 
megaly alone  rarelj^  causes  the  patient  to  complain  of  abdominal  discom- 
fort or  distention.  Swelling  of  the  feet  or  legs  is  not  uncommon,  and  in 
rare  cases  edema  of  the  face  is  present.  Palpitation  of  the  heart  has  been 
rather  cormnon  among  my  patients.  On  physical  examination  the  en- 
gorged cervical  veins,  small  quiet  heart,  low  arterial  and  pulse  pressures, 
enlargement  of  the  liver,  ascites,  and  edema  of  the  feet  constitute  a  dis- 
tinctive picture,  but  again  there  are  many  variations.  Important  con- 
firmatory examinations  include  the  venous  pressure,  roentgenographic 
exammation,  and  electrocardiograms. 

DIFFERENTIAL  DIAGNOSIS 

Conditions  causing  confusion  are  mitral  stenosis,  portal  cirrhosis,  tuber- 
culous peritonitis,  polj'serositis,  and  nutritional  edema. 

TREATMENT 

The  treatment  is  surgical,  pericardiectomy  being  necessary  to  decom- 
press the  heart.  This  has  been  well  described  b}'  Churchill  (13),  Beck  and 
his  associates  (14),  Oppenheimer,  Hitzig  and  Xeuhof  (15),  and  others. 
Selection  of  cases,  determination  of  time  of  operation  and  number  of  stages 
of  operation,  extent  of  resection,  and  postoperative  management  require 
experience,  judgment,  and  close  cooperation  between  the  surgeon  and 
internist. 
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CASE  REPORTS 

Case  1.  History.  H.  T.,  a  Jewish  salesman,  aged  37  years,  entered  the  George- 
town University  Hospital  on  July  9,  1936,  complaining  of  palpitation  of  the  heart, 
weakness,  swelling  of  the  ankles,  and  dyspnea  on  exertion. 

At  the  age  of  16  years  he  became  "  run  down"  and  entered  Johns  Hopkins  Hospital, 
where  he  was  kept  in  bed  for  a  period  of  4  months.  He  does  not  know  what  the  di- 
agnosis was  at  that  time.  Several  years  later  ho  developed  enlargement  of  the  cervi- 
cal lymph  nodes  and  again  went  to  Johns  Hopkins  Hospital,  where  the  glands  on  one 
side  of  his  neck  were  removed.  One  year  later  the  glands  were  removed  from  the 
other  side  of  his  neck.  At  that  time  he  had  what  was  called  tuberculous  pericarditis 
with  effusion.  Five  years  later  he  developed  an  "eruption  or  abscess"  in  his  left 
thigh,  which  was  operated  upon  in  one  of  the  hospitals  in  Baltimore. 

About  January,  1935  he  began  to  have  attacks  of  palpitation.  They  occurred  es- 
pecially when  he  was  lying  in  bed  or  after  eating  a  heavy  meal.  About  May,  1935, 
however,  the  attacks  of  palpitation  became  less  numerous  and  less  severe  than  was 
the  case  at  the  onset. 

In  March,  1935  he  became  "run  down"  and  developed  a  continuous  dull  pain  in  his 
back.  This  pain  extended  from  the  lumbar  region  up  to  the  shoulders.  It  com- 
pletely disappeared  after  2  weeks.  At  this  time  he  visited  his  private  physician  who 
told  him  he  had  an  "irregular  heart."  Treatment  was  of  little  benefit,  and  in  ^lay, 
1935  he  went  to  a  hospital  clinic  because  of  weakness  and  palpitation.  He  was  fully 
digitalized  as  an  ambulatory  patient.  Two  weeks  later  he  was  hospitalized  at  this 
hospital.  While  here  his  abdomen  commenced  to  enlarge,  but  did  not  reach  a  great 
size.  X-ray  examinations  of  the  chest  showed  evidence  of  fluid  in  the  right  pleural 
cavity.  The  chest  was  tapped  and  1  pint  of  clear  fluid  was  aspirated.  Four  days 
later  the  chest  was  again  tapped  and  less  than  1  pint  of  fluid  was  removed.  Micro- 
scopic examination  of  the  fluid  revealed  tubercle  bacilli .  While  at  this  institution  he 
developed  a  cough,  which  was  associated  with  the  expectoration  of  considerable 
sputum. 

After  2  weeks'  stay  in  this  hospital  he  was  sent  to  Gallinger  Municipal  Hospital 
because  of  tuberculosis.  He  remained  there  for  4  weeks,  leaving  of  his  own  accord. 
While  there,  his  sputum  and  pleural  fluid  were  examined  for  tubercle  bacilli  but  none 
could  be  found.    During  his  last  week  there,  he  vomited  all  the  food  he  ingested. 

From  July  15,  1935  to  October  1,  1935  he  remained  at  home  and  was  treated  by  his 
private  physician.    He  stayed  in  bed  and  became  very  weak. 

From  October  1,  1935  to  February  27,  1936  he  was  hospitalized  at  the  Jewish  Con- 
sumptive Relief  Society  in  Colorado.  He  improved  greatly  while  there  and  regained 
his  strength.  After  a  month  he  was  able  to  be  up  and  around.  The  heart  specialist 
there  put  him  on  quinidine  intermittently. 

In  the  middle  of  December,  1935  his  right  ankle  began  to  swell;  the  swelling  was 
relieved  by  the  application  of  an  Ace  bandage.  During  one  period,  while  at  that 
institution,  his  abdomen  became  swollen,  but  returned  to  normal  under  quinidine 
therapy.    On  discharge  he  felt  well. 

From  this  institution  he  went  to  see  Dr.  Claude  Beck  in  Cleveland,  who  said  he 
had  fibrous  tissue  around  his  heart  which  should  be  removed.  He  stayed  there  for 
10  days  and  then  returned  home,  where  he  remained  until  his  admission  into  the 
Georgetown  University  Hospital.  While  he  was  home  his  condition  becameworse.  In 
May,  1936,  the  attacks  of  palpitation  recurred  and  he  experienced  muscular  weakness 
and  shooting  pains  around  the  heart.  Swelling  of  the  ankles  started  about  June  1, 
1936.  It  appeared  first  in  his  right  ankle,  then  the  left.  He  also  grew  weak  and  be- 
gan to  have  shortness  of  breath,  especially  on  exertion. 

Examination.    The  patient  was  a  well  developed  and  well  nourished  man  who  did 
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not  appear  to  be  ill  or  dyspneic  while  at  rest.  The  cervical  veins  were  moderately 
distended.  The  lungs  were  apparently  normal.  The  heart  appeared  to  be  slightly 
enlarged,  and  the  apex  beat  was  rather  forcible;  the  rhythm  was  totally  irregular  and 
the  heart  rate  was  80  per  minute  with  practically  no  pulse  deficit.  There  were  no 
murmurs.  The  abdomen  was  slightly  distended  but  without  evidence  of  ascites. 
The  liver  was  considerably  enlarged,  reaching  6.5  cm.  below  the  xyphoid  and  9  cm. 
below  the  costal  margin  in  the  right  midclavicular  line.  There  were  varicose  veins 
in  the  scrotum,  a  mild  varicocele,  and  large  varicose  veins  of  the  legs.  Moderate 
edema  of  the  ankles  and  legs  was  present. 

X-ray  e.xamination  of  the  chest  showed  the  presence  of  a  small  amount  of  fluid  at 
the  right  base  and  evidence  of  some  pleural  thickening.  There  were  old  scars  at  the 
apices.  The  greatest  diameter  of  the  heart  was  17.5  cm.,  that  of  the  thorax,  31  cm. 
The  cardiac  shadow  appeared  bag-shaped,  and  the  lower  part  of  the  anterior  contour 
of  the  heart,  the  basal  portion,  and  the  posterior  half  were  surrounded  by  several 


Fig.  1  Fig.  2 

Fig.  1.  Case  1.    Left  lateral  view  showing  diffuse  calcium  deposition  preopera- 

tively,  March  3,  1936. 

Fig.  2.  Case  1.    Left  lateral  view  showing  partial  rim  of  calcium  three  and  a  half 

years  after  operation,  October  10,  1939. 

large  calcified  plaques  (fig.  1).  The  left  border  of  the  heart  showed  good  pulsat/ons 
but  the  right  border  appeared  to  be  immovable.  There  was  very  little  shift  of  the 
heart  with  change  of  position  of  the  body. 

The  blood  pressure  was  112  systolic  and  70  diastolic.  The  venous  pressure  was 
260  mm.  of  saline  solution.  An  electrocardiogram  showed  auricular  fibrillation,  right 
axis  deviation,  low  voltage,  and  only  slight  change  in  axis  with  change  in  position. 

There  was  some  improvement  in  the  symptoms  and  disappearance  of  the  edema 
with  bed  rest  and  medical  therapy. 

Operation.  On  July  25,  1936  Dr.  Beck  performed  a  partial  pericardiectomy,  dis- 
secting with  great  difficultj-  a  calcified  scar  2  to  3  mm.  thick  over  the  left  ventricle 
anteriorlj'  and  laterally  to  the  apex  and  along  the  right  lateral  aspect  of  the  heart. 
It  was  impossible  to  dissect  off  the  calcified  plaque  which  was  imbedded  in  the  wall 
of  the  right  ventricle.  There  was  immediate  improvement,  the  blood  pressure  rose 
to  135  sj'stolic  and  90  diastolic,  and  the  venous  pressure  dropped  to  190  mm.  of  saline. 
Before  operation  the  cardiac  output  was  4.15  liters  per  minute  with  a  blood  volume 
of  7340  cc,  and  postoperatively  the  output  was  3.84  liters  with  a  volume  of  6640  cc. 

Postoperative  course.  The  patient  has  been  well  and  completely  free  of  discomfort 
since  the  operation,  although  he  is  engaged  in  a  rather  strenuous  occupation.  The 
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hPiUt  luis  continued  to  fihrillate  and  tlio  venous  pressure  lias  remained  elevated. 
Tlie  liver  has  not  been  as  nnu'h  enlarfjed  as  before  operation,  Init  lias  continued  to  be 
moderately  eidarf!;ed,  extending  ilownward  four  finger-brea<it  lis  below  the  right  costal 
margin.  On  January  22,  1041  the  heart  and  pulse  rates  were  S4  per  minute,  the  blood 
pressure  was  120  systolic  and  SO  diastolic,  and  the  venous  pressure  had  varied  from 
time  to  time  from  170  to  210  mm.  of  saline.  X-ray  examination  shows  the  size  of  the 
heart  to  be  slightly  less  than  before  operation.  There  is  good  pulsation  of  the  left 
border,  but  very  little  of  tho  right,  and  there  is  very  little  shift  with  change  of  posi- 
tion. A  rim  of  calcium  is  seen  in  the  lateral  view  extending  over  the  anterior  and 
inferior  portions  of  the  silhouette  (fig.  2).  Electrical  stethograms  do  not  show  any 
abnormal  vibrations.  The  voltage  of  the  electrocardiogram  is  now  normal,  but 
otherwise  there  is  no  change  (fig.  3). 
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Fig.  3.  Case  1.  Electrocardiograms  made  in  three  positions,  showing  auricular 
fibrillation,  right  axis  deviation,  and  only  slight  change  in  axis  with  shift  of  position: 
made  years  after  operation  (May  10,  1940);  voltage  now  normal. 

Comment.  Points  worth  emphasizing  are  the  absence  of  ascites,  although  the 
liver  has  been  persistently  enlarged  and  the  venous  pressure  always  high,  even  after 
the  clinically  successful  operation;  the  presence  of  auricular  fibrillation  and  right 
axis  deviation,  and  return  of  the  voltage  to  normal  without  any  improvement  in  the 
amount  of  shift  of  the  electrical  axis:  the  relatively  normal  pulse  rate;  the  lack  of  any 
manifestations  of  circulatory  distress  five  years  after  resection  of  the  scar  over  part 
of  the  left  ventricle  and  the  lateral  border  of  the  right  ventricle  only;  and  the  ap- 
parent tuberculous  etiology. 

Case  2.  History.  K.  K.,  a  39  year  old  carpenter  of  German  birth  and  extraction, 
was  admitted  to  the  Georgetown  University  Hospital  on  October  5,  1939.  For  an 
indefinite  period,  certainly  several  months,  he  had  had  occasional  episodes  of  dyspnea 
on  exertion.  About  6  months  before  he  had  had  more  marked  dyspnea  than  usual, 
associated  with  some  edema  of  the  face  and  slight  fulness  of  the  abdomen.  At  that 
time  he  had  remained  in  bed  for  2  weeks  and  these  symptoms  had  disappeared.  He 
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was  then  able  to  work  with  Httle  discomfort  except  for  slight  shortness  of  breath 
until  about  3  weeks  before  admission,  when  he  again  developed  increased  dyspnea, 
some  edema  of  the  face  and  moderate  swelling  of  the  abdomen.  Soon  thereafter  he 
had  become  unable  to  continue  working.  There  had  been  occasional  attacks  of  pre- 
cordial oppression  while  the  patient  was  lying  down. 

Previously  his  health  had  been  good,  but  during  the  preceding  5  or  6  years  he  had 
felt  better  in  hot  weather  and  during  the  winter  had  been  unable  to  keep  his  hands 
and  feet  warm.  He  did  not  recall  any  past  illnesses  e.\cept  influenza  in  1937.  He 
was  married  and  had  two  children.    The  family  history  was  irrelevant. 

A  review  of  the  functions  of  the  various  sj'stems  of  the  body  did  not  reveal  any- 
thing of  importance. 

Examination.  The  patient  was  a  sturdy,  well  developed  and  well  nourished  man 
with  purplish  red  cheeks.  He  weighed  180  pounds  and  was  66  inches  tall.  There 
was  slight  cyanosis  of  the  lips,  fingernails,  and  toenails.  He  was  lying  comfortably 
in  bed.  The  cervical  veins  were  prominent  and  pulsating.  The  retinal  venules  were 
rather  more  prominent  than  normal.  The  apical  impulse  could  not  be  seen  or  felt. 
The  area  of  cardiac  dulness  from  the  midsternal  line  to  the  left  border  in  the  fifth 
intercostal  space  measured  9.5  em.  (The  clavicle  measured  15  cm.).  The  heart 
sounds  were  distant  and  totally  irregular.  The  rate  of  the  heart  beat  was  90  per 
minute,  whereas  the  pulse  rate  was  74  per  minute.  Xo  murmurs  were  audible. 
There  were  some  subcrepitant  rales  at  the  bases  of  the  lungs  posteriori}',  but  there 
was  no  evidence  of  pleural  effusion.  The  liver  was  felt  to  be  prominent  and  extended 
about  5  cm.  below  the  right  costal  margin.  The  abdomen  was  moderately  distended 
and  there  seemed  to  be  a  small  amount  of  ascites.  The  left  lower  extremitj'  was 
slightly  edematous.  The  oral  temperature  was  99.2°F.  During  the  16  days  in  the 
hospital  on  the  first  admission  the  temperature  remained  essentially  normal.  The 
pulse  rate  varied  from  60  to  80  per  minute.  The  arterial  blood  pressure  was  104 
systolic  and  80  diastolic  in  both  arms.  Various  circulation  tests  performed  by  Dr. 
H.  H.  Hussey  gave  the  following  results: 


RIGHT  ARM 

LEFT  ARM 

Initial  venous  pressure  in  mm.  of  saline  

290 

295 

Venous  pressure  during  compression  of  liver  

350 

400 

Venous  pressure  after  opening  and  closing  fist  for  1 

minute  

340 

345 

Time  for  return  of  venous  pressure  to  normal  after  above 

exercise  

3'45" 

3'45'' 

Arm-to-tongue  circulation  time  (MgS04)  

35" 

37.6" 

Arm-t  -lung  circulation  time  (ether)  

23.8" 

15.4" 

Lung-to-tongue  time  (difference  between  above  times)  ... 

11.2" 

22.2" 

A  urinalysis  was  essentially  normal.  The  hemoglobin  was  90  per  cent;  the  eryth- 
rocytes numbered  5,000,000  per  cu.  mm.  of  blood,  and  the  white  cells  9,800,  with  76 
per  cent  segmented  leucocytes,  20  per  cent  lymphocytes  and  4  per  cent  eosinophils. 
Blood  Wassermann  and  Kahn  reactions  were  negative.  The  sedimentation  rate  was 
6  mm.  in  1  hour.  The  basal  metabolic  rate  was  minus  10  per  cent.  Roentgenograms 
of  the  chest  showed  the  following  heart  measurements:  Ml,  11  cm.:  Mr,  6  cm.;  total; 
17  cm.  (internal  diameter  of  the  chest:  34  cm.).  A  thick  layer  of  increased  density 
was  present  around  the  left  ventricle  (fig.  4).  Fluoroscopic  examination  of  the  heart 
in  various  positions  showed  almost  normal  excursion  of  the  heart  with  change  of  posi- 
tion.   The  left  ventricle  seemed  to  pulsate  almost  normally,  the  right  ventricle 
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hardly  at  all.  An  electrocardiogram  showed  auricular  fibrillation  (ventricular  rate, 
70),  normal  axis  deviation,  and  inverted  T  waves  in  the  three  standard  leads  and 
lead  4  F.  The  voltage  was  not  low.  Electrocardiograms  made  with  the  patient  in 
various  positions  showed  practicallj-  no  shift  in  the  electrical  axis  in  spite  of  the 
fluoroscopic  evidence  of  movability  of  the  heart  (fig.  5).  Because  some  physicians 
thought  they  heard  an  apical  diastolic  murmur,  simultaneous  electrocardiograms  and 
stethographic  records  were  made  (by  Dr.  John  Harper,  Captain,  M.C.,  U.S.X.,  at 
the  Xaval  Medical  School).  They  showed  diastolic  sound  waves,  which,  however, 
could  not  be  interpreted  as  murmurs.  A  tuberculin  patch  test  performed  a  few  days 
before  discharge  showed  a  marked  reaction. 

The  fluid  intake  was  limited  to  1200  cc.  daily,  and  the  diet  was  salt-poor.  A  loss 
of  10  pounds  in  weight  resulted  in  2  weeks. 

Course.  While  arrangements  were  being  made  to  send  the  patient  to  Dr.  Claude 
Beck  of  Cleveland  for  possible  operation  for  chronic  cardiac  compression  caused  by 


Fig.  4  Fig.  5 

Fig.  4.  Case  2.    Left  lateral  view  showing  thick  rim  of  calcium  around  heart. 
Fig.  5.  Case  2.    Roentgenogram  of  heart  removed  from  bodj^ 


calcification  of  the  pericardium  probably  the  result  of  an  old  tuberculous  pericarditis, 
the  patient  re-entered  the  hospital  1  week  after  the  first  discharge  therefrom  because 
of  some  pain  in  the  left  hemithorax  and  a  little  blood-spitting.  The  temperature  was 
99.8°F.,  the  heart  rate  116  per  minute,  and  the  pulse  rate  88  per  minute.  The  physical 
examination  was  the  same  as  before  except  for  some  dulncss  in  the  left  lower  axillary 
region.  The  weight  was  now  160  pounds.  The  liver  was  somewhat  larger  than 
before,  but  there  was  no  evidence  of  ascites.  A  roentgenogram  of  the  chest  showed 
an  area  of  complete  opacity  extending  from  the  middle  of  the  fifth  intercostal  space 
anteriorly  to  the  base  on  the  left  side;  this  was  thought  to  represent  an  infarct  of  the 
lung.  After  the  first  day  the  temperature  remained  normal,  but  within  a  week  signs 
of  a  moderate  left  pleural  effusion  developed.  At  this  time  the  sedimentation  rate 
was  8  mm.  in  1  hour.  About  50  cc.  of  a  clear,  straw-colored  fluid  was  aspirated  from 
the  left  hemithorax;  acid-fast  organisms  could  not  be  found.  The  patient  was  dis- 
charged 11  days  after  the  second  admission  and  sent  to  the  Lakeside  Hospital  in 
Cleveland,  Ohio. 

He  remained  at  the  Lakeside  Hospital  until  December  10,  1939.  •  During  the 
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first  4  hospital  clays  he  had  an  elevation  of  temperature  to  37.6°C.  On  the  fifth  day 
he  complained  of  a  sore  throat  and  pain  in  the  chest,  and  the  temperature  ranged 
between  39^C.  and  39.8°C.  for  5  days,  gradually  returning  to  a  daily  elevation  of  37^C. 
to  37.8°C.  Fluoroscopic  examination  and  roentgenograms  of  the  chest  showed 
streaky  shadows  throughout  both  lung  fields  "indicating  increased  hj-peremia." 
In  addition,  there  was  evidence  of  some  fluid  in  the  right  pleural  space  and  some 
elevation  of  the  right  diaphragm.  Cultures  of  a  throat  swab  showed  alpha  and  beta 
streptococci  and  Staphylococcus  aureus.  Pneumococci  could  not  be  tj-ped.  The 
leucocyte  count  rose  to  12,500  but  promptly  fell  to  normal.  The  sedimentation  rate 
was  repeatedly  normal.  Since  it  was  thought  the  symptoms  and  fever  might  be 
due  to  active  inflammation  of  the  pericardium  Dr.  Beck  decided  to  delay  operation 
for  2  months  pending  subsidence  of  any  such  activitj'.  During  the  period  of  pyrexia 
the  patient  had  a  moderate  decrease  in  the  urinarj-  output,  but  in  the  last  week  of 
the  hospitalization  a  relative  diuresis  occurred. 

While  at  the  Lakeside  Hospital  many  studies  were  performed.  Some  of  these  were 
as  follows.  The  vital  capacity  was  found  to  be  50  per  cent  of  normal.  The  phenol- 
sulfonephthalein  test  of  renal  function  showed  a  return  of  85  per  cent  of  the  dj-e  in  2 
hours.  The  blood  non-protein  nitrogen  was  37.4  mg.  per  cent,  the  blood  urea  nitro- 
gen 20.3  mg.  per  cent,  and  the  blood  uric  acid  4  mg.  per  cent.  The  blood  chlorides 
(as  sodium  chloride)  were  present  in  the  amount  of  598  mg.  per  100  cc.  of  blood.  The 
blood  cholesterol  was  164  mg.  per  cent.  Total  plasma  protein  measured  7.3  mg.  per 
cent,  with  the  albumin-globulin  ratio  1:0.73.  The  icterus  index  was  13.  The  cerebro- 
spinal fluid  was  under  normal  pressure  and  was  clear,  containing  3  cells;  other  factors 
were  also  normal.  Photographic  tracings  of  the  heart  sounds  showed  pulsus  para- 
doxus. The  blood  volume  was  104  cc.  per  kg.  of  bodj'  weight.  The  cardiac  output 
was  35  to  36  cc.  per  beat.  Roentgenographic  demonstration  of  the  superior  vena 
cava  by  means  of  diodrast  injected  into  an  arm  vein  showed  the  great  vein  to  be 
dilated  between  2  and  3  times  the  normal  size.  The  other  findings  and  the  conclu- 
sions were  similar  to  those  arrived  at  while  the  patient  was  at  the  Georgetown  Uni- 
versity Hospital. 

On  returning  to  Washington  the  patient  remained  in  the  Georgetown  University 
Hospital  from  December  12  to  December  20.  No  new  information  was  obtained,  but 
300  cc.  of  slightly  turbid  amber  fluid  was  aspirated  from  the  right  pleural  cavity. 
This  contained  a  few  red  blood  cells  and  lymphocytes.  Culture  and  smears  were 
negative,  and  guinea-pig  inoculation  was  without  effect.  There  was  no  leucocytosis, 
and  the  sedimentation  rate  was  5  mm.  in  1  hour.  The  temperature  remained  normal 
throughout,  except  that  at  the  time  of  admission  it  was  100. 4^F.  There  was  no 
evidence  of  ascites.    The  weight  was  165  pounds. 

On  a  re-check  on  January  3,  1940  the  venous  pressure  in  the  right  arm  was  310  mm. 
of  saline,  rising  to  400  mm.  with  pressure  on  the  liver.  There  was  still  no  evidence 
of  ascites,  although  the  liver  was  very  large  and  extended  down  to  the  umbilicus. 

Last  admission.  The  patient  re-entered  the  hospital  on  February  11,  1940.  He 
had  been  resting  a  great  deal  at  home,  but  on  February  4  he  had  visited  a  friend's 
house  and  on  returning  home  had  begun  to  cough  and  expectorate  fresh  frothy  blood 
in  tablespoonful  amounts.  The  next  day  he  fainted.  FoUotting  this  episode  the 
coughing  and  expectoration  continued,  and  vertigo  and  dyspnea  followed  the  at- 
tacks. Examination  revealed  an  acutely  ill  patient  with  icteric  cj-anosis  of  the  face, 
lips,  ears,  fingers  and  toes.  There  was  some  edema  of  the  legs.  The  veins  of  the  neck 
were  distended  more  than  ever.  Fine  and  coarse  moist  rales  were  heard  over  both 
lower  lobes  posteriorly,  and  there  were  signs  of  fluid  in  the  right  hemithorax.  The 
liver  was  greatly  enlarged,  extending  downward  to  13  cm.  below  the  costal  margin. 
Ascites  was  definitely  present.  The  venous  pressure  in  the  right  arm  was  410  mm.  of 
saline  solution  and  rose  to  more  than  510  mm.  with  pressure  on  the  liver.    The  heart 
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findings  were  unchanged,  and  the  arterial  bk)0(l  pressure  was  100  systolic  and  90 
diastolic.  The  temperature  was  99.2°F.  and  the  pulse  rate  96  per  minute.  The 
respiratory  rate  was  20  per  minute.  On  the  day  after  admission  1600  cc.  of  clear, 
straw-colored  fluid  was  aspirated  from  the  right  hemithorax,  and  following  this 
signs  of  consolidation  were  elicited  in  the  region  of  the  right  lower  lobe  which  were 
interpreted  as  indicating  massive  infarction.  The  urine  contained  4  plus  albumin,  1 
plus  bile,  and  some  hyahne  casts  and  leucocytes.  The  hemogram  showed  78  per  cent 
hemoglobin,  4,.300,000  red  blood  cells  per  cu.  mm.,  and  10,700  white  blood  cells,  with 
78  per  cent  segmented  forms  and  6  per  cent  band  forms.  Roentgenograms,  which 
had  revealed  evidence  of  fluid  up  to  the  level  of  the  second  rib  anteriorlj-  on  the 
right  side  of  the  chest,  now  showed  evidence  of  consolidation  of  the  right  lower  lobe. 
The  coughing  and  expectoration  of  blood  continued,  and  the  cyanosis  became  more 


Fig.  6.  Case  2.  Drawing  of  heart  bisected  horizontally  through  ventricles  and 
opened  up,  showing  thick  layer  of  calcium  in  pericardium. 

pronounced.  The  stools  contained  blood  on  February  15.  On  that  day  the  condi- 
tion became  critical  and  oxygen  was  administered  intranasally  continuously.  The 
patient  complained  of  epigastric  pain,  and  the  abdomen  became  more  distended. 
The  temperature,  which  the  day  before  had  risen  to  100.4°F..  dropped  to  97°F.,  and 
at  10  p.m.  the  patient  died. 

Necropsy  findings.  There  was  generalized  chronic  passive  congestion.  The 
right  pleural  cavity  contained  about  1500  cc.  of  bloody  fluid,  the  left  about  500  cc. 
of  deeply  yellow  fluid.  The  peritoneal  cavity  contained  about  2000  cc.  of  pale,  straw- 
colored  fluid.  The  right  lung  was  atelectatic  and  infarcted;  a  large  embolus  filled 
the  right  pulmonarj'  artery;  the  upper  lobe  contained  small  caseating,  partially  cal- 
cified lesions  which  microscopically  failed  to  reveal  tubercles.  Ghon  tubercles  were 
present  in  the  left  lung,  and  the  hilar  lymph  nodes  were  enlarged  and  somewhat 
calcified.  The  liver  weighed  about  3000  grams,  was  smooth,  congested  and  mildly 
cirrhotic.  The  heart  was  actually  not  enlarged,  but  with  the  large  amount  of  cal- 
cium throughout  the  pericardium  appeared  so  (fig.  5).    It  felt  like  a  rock.  The 
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pericardium  and  epicardium  were  adherent  and  beneath  the  excessive  amount  of 
epicardial  fat  there  was  a  granular  deposit  of  calcium  covering  a  large  part  of  the 
heart,  both  ventricles  and  auricles,  and  attaining  a  thickness  of  more  than  a  centi- 
meter in  man}-  parts  (fig.  6).  It  was  not  deposited  uniformly,  but  from  its  site  of 
greatest  accumulation  around  the  middle  of  the  heart  large  ridges  passed  downward 
over  the  ventricles  and  around  the  lateral  borders  and  apex.  The  coronary  arteries 
could  not  be  identified  except  at  their  orifices.  The  valves  were  apparently  normal. 
A  large  mural  thrombus  was  present  in  the  right  atrial  appendage  from  which  ap- 
parently a  large  piece  had  broken  off.  The  calcium  had  not  infiltrated  the  myo- 
cardium, which  microscopically  did  not  show  fibrosis,  but  did  exhibit  central  degen- 
eration of  the  fibers  with  lipochrome  deposition. 

Comment.  Outstanding  features  are  the  remarkable  accumulation  of  calcium 
throughout  most  of  the  pericardium,  the  almost  normal  amount  of  shift  of  the  heart 
with  fixation  of  the  electrical  axis;  auricular  fibrillation  with  normal  ventricular  rate 
and  inverted  T  waves  in  all  leads,  but  without  low  voltage;  the  absence  of  ascites  in 
spite  of  the  verj'  high  venous  pressure ;  the  recurring  pleuritis ;  the  marked  tuberculin 
reaction  and  post  mortem  evidence  of  old  pulmonary  tuberculosis;  and  the  terminal 
pulmonary  embolism  with  massive  pulmonarj'  infarction. 

Case  3.  History.  J.  E.  W.,  a  colored  man,  aged  60  years,  was  admitted  to  the 
Georgetown  University  Hospital,  June  27, 1940.  He  said  that  he  had  been  perfectly 
well  up  until  the  end  of  October,  1939,  when,  following  the  lifting  of  some  furniture, 
he  noted  an  "empty"  feeling  in  the  lower  abdomen.  This  was  followed  soon  after  by 
swelling  of  both  lower  extremities.  A  day  or  so  after  the  onset  he  noted  burning, 
urgency  and  frequency  of  urination  and  a  thick  yellowish  discharge  at  the  end  of 
urination.  Chills,  fever,  nausea  and  vomiting,  and  pain  in  the  epigastrium  de- 
veloped. Jaundice  became  evident  on  the  third  day,  and  the  stools  were  "light 
in  color,"  but  the  urine  was  not  dark.  He  was  sick  about  6  weeks  and  was  treated  by 
a  local  physician  but  remained  ambulatory.  The  symptoms  gradually  receded  but 
were  followed  by  persistent  hiccuping.  He  entered  Gallinger  Municipal  Hospital, 
December  14, 1940,  complaining  of  hiccups  and  pain  in  the  right  lower  chest. 

He  had  had  periods,  for  the  past  4  or  5  j-ears,  mainly  in  the  spring  and  fall,  of  in- 
digestion characterized  by  epigastric  distress  and  pain,  belching,  and  sometimes 
vomiting.  They  would  occur  regardless  of  the  type  of  food  or  whether  he  ate  or  not. 
Bicarbonate  of  soda  would  relieve  the  sj'mptoms,  but  food  would  not. 

He  said  that  he  had  had  a  cigarette  cough  for  the  past  30  or  40  years  but  without 
expectoration.  He  had  lost  some  weight  since  the  onset  of  the  present  illness  but 
did  not  know  the  amount.  He  had  had  several  night  sweats  since  the  onset.  He 
complained  of  excessive  fatigability.  A  brother  died  of  tuberculosis  in  1905  and  a 
sister  died  of  the  same  illness  in  1922.    He  had  had  no  definite  contact  otherwise. 

A  review  of  the  functional  systems  revealed  the  following  data.  The  general 
health  had  always  been  good.  He  had  used  two  pillows  at  night  almost  as  long  as  he 
could  remember  and  felt  uncomfortable  without  them.  He  also  often  felt  uncom- 
fortable when  lying  on  the  left  side  because  he  could  not  get  his  breath  proper!}-.  He 
had  noted  moderate  dyspnea  on  exertion  since  the  onset  of  the  present  illness.  In 
1903  his  legs  became  swollen  and  remained  so  for  a  j-ear.  A  doctor  told  him  he  was 
poisoned  with  coffee.  Except  for  occasional  palpitation  when  nervous,  no  other 
cardiovascular  symptoms  could  be  elicited. 

He  said  he  had  had  the  "clap"  many  years  ago.  He  also  had  acute  retention  in 
1926  and  had  urethral  dilatations  following  this. 

There  were  no  symptoms  referable  to  the  other  organ  systems. 

In  the  past  he  had  had  diphtheria  and  measles.  A  herniorrhaphy  was  performed 
in  1926.  Xo  rheumatic  history  was  obtainable.  The  Kahn  test  was  negative  on 
several  occasions. 
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At  Gallingcr  Municipal  Hospital  a  diagnosis  of  pulmonary  tuberculosis  was  made. 
However,  8  sputum  examinations,  one  a  24-hour  specimen,  were  negative  for  tubercle 
bacilli.  X-ray  e.xamination  of  the  chest,  December  16,  1939,  showed  a  homogeneous 
density  overlying  the  lower  two-thirds  of  the  right  hemithorax  with  a  suggestion  of 
infiltration  underlj'ing  the  lesion.  There  was  evidence  of  infiltration  and  fibrosis 
underlying  the  second  rib  on  the  left.  The  heart  and  mediastinal  structures  were 
displaced  to  the  right.  Another  x-ray  plate  of  the  chest,  March  15,  1940,  showed 
moderate  clearing  of  the  lesion.  There  was  a  semilunar-shaped  linear  shadow  of 
increased  densitj-  approximating  the  left  border  of  the  heart. 

An  x-raj'  study  of  the  kidneys,  ureters  and  bladder  revealed  an  obstructive  lesion 
in  the  lower  end  of  the  right  ureter  at  the  level  of  the  second  sacral  segment.  The 
significance  was  unknown. 

On  March  26,  1940,  a  bronchoscopy  was  performed  by  Dr.  Harry  Davies.  He 
found  obstruction  of  the  bronchus  to  the  right  lower  lobe  and  a  moderate  amount  of 
pus.  There  was  inflammatory  swelling  of  the  right  upper  lobe  bronchus,  probably 
tuberculous. 

The  patient  was  treated  by  the  usual  routine  measures  employed  on  the  tuber- 
culosis wards  at  the  Gallinger  Municipal  Hospital. 

On  June  27,  1940,  the  patient  was  removed  to  the  Georgetown  University  Hospital 
for  further  study.  The  history  obtained  was  essentially  the  same.  At  no  time  was 
any  fever  present. 

Examination.  The  patient  was  a  colored  man  who  appeared  slightly  younger  than 
the  stated  age.  He  was  in  no  discomfort.  The  teeth  were  carious  and  the  tonsils 
hypertrophied.  The  cervical  veins  were  engorged  even  while  the  patient  was  sitting 
upright,  but  they  filled  only  from  above.  The  trachea  was  displaced  somewhat  to 
the  right.  There  was  supraclavicular  depression  bilateralh^  and  infraclavicular 
flattening.  The  chest  was  of  the  asthenic  type.  There  was  dulness,  diminished 
breath  sounds,  and  retraction  of  the  ribs  over  the  entire  right  lower  chest.  .\  few 
moist  rales  were  heard  at  the  left  base. 

The  point  of  maximal  impulse  of  the  heart  beat  could  be  neither  seen  nor  felt. 
Percussion  indicated  the  left  border  of  the  heart  to  be  in  the  fifth  intercostal  space 
7.5  cm.  from  the  mid-sternal  line.  (The  clavicle  measured  15  cm.)  The  sounds  were 
moderately  distant  but  otherwise  of  good  quality.  The  second  aortic  sound  was 
equal  in  intensitj'  to  the  second  pulmonic  sound.  There  were  no  murmurs.  The 
pulse  rate  ranged  mainly  from  70  to  80  per  minute.  The  blood  pressure  was  110  sj's- 
tolic  and  70  diastolic.  The  liver  was  3  finger-breadths  below  the  right  costal  margin. 
The  surface  was  smooth  and  firm.  There  was  no  free  fluid  in  the  abdomen.  The  rest 
of  the  examination  was  not  remarkable. 

Course.  The  patient  remained  in  the  hospital  for  3  weeks,  during  which  time 
the  temperature,  pulse  rate  and  respiratory  rate  were  always  normal. 

The  erythrocytes  numbered  3,400,000  per  cu.  mm.  of  blood  and  the  hemoglobin 
was  66  per  cent.  The  white  blood  cells  numbered  7,000  with  a  normal  differential. 
The  sedimentation  rate  was  24  mm.  in  1  hour.  Wassermann  and  Kahn  reactions  were 
negative.  .\  phenolsulfonephthalein  test  gave  a  total  excretion  of  62  per  cent  of  the 
dye  given  intravenously  in  60  minutes.  The  blood  non-protein  nitrogen  was  32  mg. 
per  100  cc.  of  blood.  Urinalyses  showed  variable  amounts  of  pus.  The  electrocar- 
diogram revealed  first  degree  auriculo-ventricular  heart  block,  the  PR  interval  being 
0.29  second.  The  T  waves  were  inverted  in  the  three  standard  leads  and  in  lead  4  F., 
with  some  coving  of  the  ST  segments.  The  voltage  was  not  low.  There  was  moder- 
ate shift  of  the  electrical  axis  with  change  of  decubitus  (fig.  7). 

The  venous  pressure  (left  arm)  by  the  Griffith  method  was  245  mm.,  saline  solu- 
tion, with  a  rise  to  270  mm.  with  pressure  in  the  right  upper  quadrant.  The  arm-to- 
tongue  time  with  calcium  gluconate  solution  was  13  seconds;  the  arm-to-lung  time 
with  ether  was  7  seconds. 
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X-ray  examination  of  the  chest  (figs.  8  and  9)  was  reported  as  follows:  The  sil- 
houette of  the  heart  is  globular,  with  enlargement  and  rounding  of  the  right  side. 
The  size  is  only  slightly  increased.    Pulsations  are  fair  on  the  left  side  and  greatly 
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Fig  7  Electrocardiograms  made  in  three  positions,  showing  PR  intervals  of  0.29 
sec,  inverted  T  waves,  some  coving  of  ST  segments,  moderate  voltage,  and  restric- 
tion of  shift  of  electrical  axis  to  right. 


Fig.  8  Fig.  9 

Fig.  8.  Case  3.    Anteroposterior  view  showing  thick  rim  of  calcium  around  the 

globular    heart.  ,.     .,     .       r     i  ■  i  tj. 

Fig.  9.  Case  3.  Left  lateral  view  showing  distribution  of  calcium  over  left  ven- 
tricle. 

restricted  on  the  right.  There  is  evidence  of  a  large  amount  of  calcium  deposited  in 
the  pericardium.  This  is  distributed  largely  in  the  form  of  a  band  which  extends  well 
up  on  the  lateral  margins  above  the  top  of  the  left  ventricle  and  up  into  the  base  of  the 
aorta  on  the  right  side.    There  is  apparently  much  less  calcification  of  the  anterior 


CALCIFICATION  OF  PERICARDIUM 


1157 


and  posterior  portions  of  the  pericardium.  Although  there  is  some  shift  of  the  heart 
when  the  patient  is  placed  in  the  right  and  left  lateral  positions,  it  is  much  less  than 
normal.  There  is  calcification  throughout  the  right  lower  lobe  and  marked  calci- 
fication of  the  pleura  over  this  area.  There  is  a  small  pneumothorax  at  the  right 
base.  Opposite  the  left  first  interspace  anteriorly  is  an  area  of  old  tuberculous  in- 
filtration. There  is  scattered  infiltration  througiiout  the  left  lower  lobe  confined 
mostly  to  the  inner  two-thirds  of  the  lungs.    This  is  probably  due  to  congestion. 

Electrical  stethographic  records  did  not  show  any  abnormal  vibrations. 

On  April  1,  1941,  a  check-up  showed  no  essential  changes.  The  venous  pressure 
was  250  mm.  of  saline.  A  gastro-intestinal  x-ray  examination  revealed  the  presence 
of  a  duodenal  ulcer.  On  September  23,  1941,  the  patient  reappeared  complaining  of 
epigastric  discomfort  between  meals  and  during  the  night  and  dysuria.  His  physical 
examination  was  unchanged.  The  heart  rate  was  68  per  minute  and  the  blood  pres- 
sure was  90  systolic  and  70  diastolic.  The  venous  pressure  was  200  mm.  of  saline 
solution  and  rose  to  250  mm.  with  compression  of  the  liver.  The  arm-to-tongue  cir- 
culation time  with  magnesium  sulfate  (10  per  cent  solution)  was  18  seconds.  The  use 
of  alumina-gel  in  teaspoonful  doses  1  hour  after  meals  and  at  bed  time  relieved  the 
epigastric  distress. 

Comment.  The  compression  of  the  heart  by  the  calcified,  thickened  pericardium 
apparently  was  not  productive  of  symptoms  while  the  patient  was  under  observation. 
Ascites  was  not  demonstrable,  but  the  liver  was  somewhat  enlarged.  The  digestive 
disturbance  was  readily  explained  by  the  duodenal  ulcer  and  was  relieved  by  therapy 
for  that  condition.  Because  of  the  paucity  of  symptoms  of  circulatory  embarrass- 
ment, the  thickness  and  extent  of  the  calcification,  and  the  advanced  age  of  the  pa- 
tient, the  decision  was  made  not  to  attempt  pericardiectomy  in  this  case. 

Points  worth  emphasis  are  the  lack  of  ascites;  the  normal  pulse  rate:  the  normal 
circulation  times;  the  first  degree  heart  block,  inversion  of  T  waves,  normal  voltage, 
and  presence  of  moderate  shift  of  the  electrical  axis;  and  the  possible  tuberculous 
etiology. 

Case  4.  History.  V.  H.  was  an  immarried  white  woman,  aged  47  years.  She  was 
first  seen  on  March  29,  1941,  complaining  of  having  been  tired  and  weak  for  28  years, 
although  she  had  been  able  to  work  as  a  nursemaid  except  for  periods  of  rest.  She 
had  not  noticed  dyspnea  or  any  sign  of  circulatory  embarrassment.  In  1931  she  had 
been  given  thyroid  extract  and  began  to  complain  of  palpitation  of  the  heart  while 
at  work,  and  this  had  continued  after  the  use  of  thyroid  had  been  discontinued.  For 
6  months  she  had  had  a  poor  appetite  with  belching,  water  brash,  nausea,  occasional 
vomiting,  and  intermittent  short  attacks  of  abdominal  cramps  and  loose  stools. 

As  a  child  she  had  had  spasmophilia  and  muscular  pains  in  the  legs.  In  1917  she 
had  had  influenza  and  pneumonia,  in  1921  abdominal  cramps  and  fever,  and  since 
1924  various  gynecologic  complaints  and  operations.  She  was  still  menstruating 
regularly  but  was  having  some  hot  flashes. 

Examination.  The  patient  was  a  moderately  well  nourished  woman  with  very 
few  abnormal  findings.  The  cervical  veins  were  not  distended,  and  the  heart  seemed 
to  pulsate  well.  The  latter  was  not  enlarged  but  presented  a  soft  sj-stoHc  precordial 
murmur.  The  heart  rate  was  100  per  minute,  and  the  rhythm  was  regular.  The 
blood  pressure  was  140  systolic  and  80  diastolic  in  the  arms  and  160  systolic  and  100 
diastolic  in  the  legs.  The  lungs  were  apparently  normal.  The  liver  was  palpable 
3  cm.  below  the  costal  margin  during  deep  inspiration.  There  was  no  ascites  and 
no  dependent  edema. 

X-ray  examination  of  the  chest  showed  the  heart  to  be  of  normal  size  and  shape, 
but  there  were  numerous  areas  of  undoubted  calcification  over  the  entire  cardiac 
shadow.    Fluoroscopic  examination  showed  the  left  border  of  the  heart  pulsating 
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moderately  well,  but  the  right  border  very  little.  The  heart  moved  only  moderately 
well  with  change  of  position. 

A  gastrointe.stinal  x-ray  examination  was  negative. 

Electrocardiograms  showed  moderately  low  voltage,  right  axis  deviation,  P-R 
interval  of  0.29  second,  broadened  notched  P  waves,  and  depressed  ST  segments  in 
the  three  standard  leads  and  in  lead  4  F.  An  injection  of  grain  of  atropine  did  not 
shorten  the  P-R  interval.  There  was  very  moderate  shift  of  the  electrical  axis  with 
change  of  decubitus.    Sound  tracings  did  not  show  any  abnormal  diastolic  vibrations. 

The  venous  pressure  in  the  right  arm  was  175  mm.  of  saline  solution,  with  a  rise  to 
215  mm.  after  compression  of  the  liver.  The  arm-to-tongue  time  (using  magnesium 
sulfate)  was  14  seconds. 

Comment.  The  noteworthy  points  are  the  absence  of  circulatory  symptoms  except 
palpitation:  the  absence  of  ascites:  the  evidence  of  cardiac  compression;  the  slightly 
elevated  systolic  pressure;  the  apparently  good  cardiac  pulsation;  the  first  degree 
heart  block  with  right  axis  deviation;  and  the  absence  of  evidence  of  any  definite 
etiologic  factor. 

DISCUSSION 

Calcification  of  the  pericardium  of  any  amount  probably  always  indi- 
cate.s  previous  severe  pericarditis  sufficient  to  result  in  fibrosis  of  that 
serous  membrane.  Therefore,  whether  the  quantity'  of  calcium  is  great 
or  small,  its  presence,  discovered  roentgenographically,  indicates  some 
degree  of  cardiac  compres.sion.  The  manifestations  of  the  compression 
are  dependent  upon  the  degree  of  compres.sion  and  the  site  of  greatest 
compression,  i.e.,  whether  in  the  region  of  one  or  both  venae  cavae,  one  or 
both  auricles,  or  one  or  both  ventricles.  For  instance,  in  case  1  of  this 
series  there  has  never  been  anj'  detectable  ascites,  although  the  liver  Ls 
enlarged  and  the  venous  pressure  is  quite  high;  furthermore,  removal  of  the 
calcium  over  the  ventricles  resulted  in  clinical  cure  in  .spite  of  the  per- 
sistence of  enlargement  of  the  liver,  high  venous  pressure,  auricular  fibril- 
lation, etc.  This  result  indicates  that  although  there  Ls  definite  inflow 
obstmction,  compression  of  the  ventricles  is  also  an  important  factor, 
preventing  them  from  both  filling  and  emptying  properly. 

None  of  the  four  patients  had  demonstrable  ascites  except  in  case  3,  in 
which  it  was  mild  and  tran.sient.  It  is  probable  that  not  only  is  it  obstruc- 
tion of  venous  blood  to  the  heart  but  even  more  particularly  obstruction 
of  the  inferior  vena  cava  and  hepatic  veins  that  determines  the  presence 
and  degi'ee  of  ascites.  The.se  four  cases  demonstrate  that  ascites  is  not  a 
necessary  sign  of  chronic  cardiac  compression  and,  therefore,  cannot  be 
depended  upon  in  establishing  the  diagno.sis.  In  fact,  it  is  probably  more 
often  ab.sent  than  present,  certainly  in  my  experience. 

The  sj-mptoms  are  quite  variable.  There  may  be  few  referable  to  the 
circulator^'  system.  The  most  common  are  dyspnea  on  exertion,  palpita- 
tion of  the  heart  on  exertion,  and  enlargement  of  the  liver,  but  even  one  or 
more  of  the.se  maj'  be  lacking.  One  ma\'  only  speculate  on  the  relative 
importance  of  the  persistence  of  compression  over  a  long  period  of  time  and 
progressive  contraction  of  the  scar  in  bringing  about  the  advanced  symp- 
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toms  of  circulatory  distress.  One  may  assume  that  long-standing  com- 
pression of  the  heart  impairs  the  nutrition  and  tone  of  the  myocardium 
which  augment  the  degree  of  circulatory  embarrassment. 

The  venous  pressure  is  elevated  in  ])otli  the  upper  and  lower  extremities, 
indicating  central  venous  obstmction.  Pressure  of  the  right  upper  cjuad- 
rant  of  the  abdomen  causes  a  considerable  increase  in  the  venous  pressure 
as  in  congestive  heart  failure. 

Circulation  time  tests  give  very  different  results  in  different  cases.  They 
may  be  within  normal  limits  or  prolonged  with  the  same  increa.se  of  venous 
pressure.  The  explanation  of  this  phenomenon  is  not  clear.  Perhaps  the 
opening  up  of  the  peripheral  blood  vessels  and  increase  in  blood  volume  are 
important  in  this  connection.  It  appears  rather  certain,  however,  that 
the  degree  of  clinical  circulatory  distress  runs  parallel  with  the  increa.se  in 
circulation  time  much  more  than  with  the  height  of  the  venous  pressure. 

Often  there  is  moderate  tachycardia,  but  the  pulse  rate  may  be  normal 
or  even  .slow. 

The  arterial  pressure  is  usually  moderately  low.  The  pulse  pressure  is 
variable;  it  may  be  increased  or  decreased,  more  often  the  latter. 

Roentgenography  is  naturally  nece.s.sarv  to  establish  the  diagnosis  of 
calcification  of  the  pericardium.  As  in  ca.ses  of  noncalcific  pericardial 
scars  the  heart  shape  may  be  deformed;  it  is  perhaps  more  often  globular  in 
cases  of  calcification.  Enlargement,  if  present,  is  usually  moderate  and 
explicable  by  the  thickness  of  the  pericardium  itself.  The  left  border  of 
the  heart  often  .seems  to  pulsate  well,  whereas  the  right  side  usualh'  appears 
to  pulsate  verj'  little.  The  degree  of  movability  varies  greatly  from  no 
decrease  to  practical  fixation. 

Auricular  fibrillation  existed  in  two  of  the  four  cases,  considerably  pro- 
longed P-R  interval  in  two,  right  axis  deviation  in  two  (one  with  auricular 
fibrillation),  inverted  T  waves  in  two,  depression  of  the  ST  segments  in 
two,  low  voltage  in  two,  and  restriction  of  shift  of  the  electrical  axis  in 
three.  There  were  no  abnormal  sound  waves  in  diastole.  The  protodi- 
astolic vibration  of  Lian  et  al.  (8)  did  not  occur  in  these  four  cases. 

SUMMARY  AND  COXCLUSIONS 

Four  cases  of  calcification  of  the  pericardium  have  been  reported,  all 
sho\\-ing  definite  evidence  of  chronic  cardiac  compression.  It  is  a  relatively 
rare  lesion  but  is  probably  always  as.sociated  with  sufficient  fibrosis  and 
rigidity  of  the  pericardium  to  handicap  the  heart  in  its  function.  Ascites 
is  not  the  con.stant  feature  usually  thought,  and  sj^mptoms  of  circulatory 
embarrassment  may  be  slight.  Partial  heart  block  occurred  in  two  of  the 
cases,  auricular  fibrillation  in  two,  and  right  axis  deviation  in  two.  Opera- 
tion is  naturally  more  difficult  than  in  the  cases  of  cardiac  compression 
without  calcification.  A  probable  tuberculous  etiology-  existed  in  one  case 
and  a  possible  tuberculous  etiology  in  two  others.  In  the  fourth,  no 
etiologic  agent  was  suggested. 
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OLD  AGE  IX  ANCIENT  EGYPT 


A  Contribution  to  the  History  of  Geriatrics 

FREDERIC  D.  ZEMAN,  M.D. 

[New  York  City] 

"B/essed  is  the  man  of  science  who  enjoys  the  great  companionship 
of  the  ancients;  they  are  flesh  of  his  flesh,  sharers  of  his  successes  and 
errors,  of  his  joys  and  his  deceptions." 

Sudhoff — Essays. 

Primitive  man  is  beliox'od  to  have  first  appeared  in  the  Pleistocene  or 
Glacial  Period,  generally  considered  to  have  covered  about  one  million 
years.  Since  many  geologists  now  place  the  origin  of  Homo  Sapiens  in 
the  period  preceding  the  Pleistocene,  the  Miocene,  the  age  of  prehistoric 
man  is  further  increased.  These  figures,  although  only  approximate, 
contrast  strikingly  with  the  very  brief  time  which  has  elapsed  since  the 
dawn  of  "antiquity,"  maugurated  by  the  Egyptians  with  the  discovery  of 
the  use  of  metals  and  the  development  of  the  art  of  writing.  According  to 
Breasted  (1),  the  transition  from  prehistory  to  the  historic  period  in  Egypt 
occupied  the  thousand  years  from  4000  B.C.  to  3000  B.C.  Relatively 
speaking,  the  Egyptian  civilization  is  modern,  and  the  progress  of  the  past 
5000  years  absolutely  breath-taking,  however  little  the  mind  of  man  may 
have  been  altered  in  its  essential  nature.  Hooton  (2)  writes  that  "the 
period  of  human  civilization  is  as  inconsiderable  in  man's  cultural  history 
as  is  post-glacial  time  in  the  age  of  the  earth". 

At  the  opening  of  the  Age  of  the  Pyramids  in  the  year  3000  B.C.  we  find 
already  a  highly  developed  Egyptian  ci\  ilization,  characterized  by  intricate 
social  organization,  extensive  industrial  and  agricultural  activity,  and  a  re- 
ligious system  notable  for  its  beliefs  not  only  in  life  after  death  but  also  in 
"right  living,  in  kindness  to  others,  and  that  a  good  life  here  was  the  only 
thing  that  could  bring  happiness  in  the  next  world"  (1).  This  period  is  out- 
standing in  giving  us  Imhotep,  the  first  physician  known  by  name,  whose 
activities  covered  with  distinction  the  fields  of  medicine,  priestly  wisdom, 
magic  and  architecture.  His  reputation  increased  steadily  after  his  death 
until  he  became  deified  and  later  was  identified  by  the  Greeks  with  their 
own  Asklepios. 

The  development  of  Egyptian  medicine  from  the  rites  of  the  priest- 
magicians  has  been  traced  by  Dawson  (3).    He  has  pointed  out  in  detail 
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how  these  practices  were  copied  by  Greek  and  Roman  writers,  were  tran- 
scribed in  the  leech  books  of  the  sixteenth  century  (4),  and  reappear  from 
time  to  time  in  the  folk  medicine  of  our  own  day.  The  art  of  the  magician 
consisted  in  the  utterance  of  spells  and  incantations,  accompanied  by 
manipulation  of  figures,  amulets  or  a  variety  of  natural  substances.  These 
procedmes  have  been  differentiated  by  Gardiner  (5)  into  the  "oral  rite"  and 
the  "manual  rite."  In  the  medical  papj-ri  preserved  to  as  from  these 
remote  times  we  find  abundant  illustrations  of  these  two  rites. 

"The  prescriptions  in  the  medical  papjTi  are  but  elaborations  of  the 
manual  rite  of  the  magician,  and  it  is  for  this  reason  that  the  papyri  are 
interspei-sed  with  magical  spells  that  constitute  the  oral  rites  belonging  to 
each  group  of  prescriptions  that  follows  and  that  are  recited  by  the  magician 
in  order  to  make  the  doses  effective.  Some  of  these  remedies  contain 
drugs  that  are  really  beneficial  and  appropriate,  and  such  prescriptions, 
actually-  accomplLshing  then-  purpose,  would  tend  to  sm-vive  then-  more 
fantastic  fellows.  By  such  means  more  and  more  reliance  came  to  be 
placed  on  the  drugs  themseh'es  and  less  upon  the  magiciaas'  spelk,  and  the 
persons  who  would  be  most  in  recjuest  in  cases  of  sickness  would  be  those 
who  were  skilled  in  knowledge  and  preparation  of  drugs.  Such  men  were 
no  longer  magicians,  but  physicians."  (3) 

In  the  famous  medical  docimient  known  as  the  Edwin  Smith  Surgical 
Pap\Tus  (1600  B.C.),  and  recently  published  by  Breasted  (6)  in  a  brilliant 
translation,  with  a  beautiful  reproduction  of  the  original  text,  we  find  a  re- 
markable description  of  surgical  conditions  of  the  head.  These  clinical 
records  of  actual  cases  are  comparable  for  detail  and  accurate  description  to 
those  of  Hippocrates.  Our  present  interest  centers  on  the  incantations  and 
recipes  which  are  foimd  on  the  back  of  the  pap^TUS  in  the  hand  of  the  same 
scribe.  Among  these  is  one  entitled,  "The  Book  for  Transforming  an  Old 
Man  into  a  Youth  of  Twentj-".  This  may  be  diWded  into  two  parts,  the 
first  containing  diiections  for  compounding  the  ointment,  the  second,  the 
directions  for  its  use.    These  read  as  follows : 

"Anoint  a  man  therewith.  It  is  a  remover  of  wrinkles  from  the  head. 
When  the  flesh  is  smeared  therewith  it  becomes  a  beautifier  of  the  skin,  a  re- 
mover of  blemishes,  of  all  disfigurements ,  of  all  signs  of  age,  of  all  weaknesses 
which  are  in  the  flesh.    Found  effective  myriads  of  times. 

In  this  recipe  of  an  Egj'ptian  priest  for  rejuvenation  we  find  the  earliest 
written  history  of  medicine  in  the  aged. 

The  medical  papATi  are  wTitten  in  the  Eg>-ptian  script  known  as  hieratic, 
which  must  be  transcribed  into  hieroglyphic  l>efore  an  English  translation  is 
possible.  Studj'  of  Breasted's  hieroglyphic  text  of  the  Smith  Pap>TUS 
brought  to  this  writer's  attention  an  interesting  feature  of  the  hieroglyph 
meaning  "old"  or  "to  grow  old".    It  is  a  clear  representation  of  a  bent 
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human  figure  resting  on  a  staff  (figs.  1  and  2).  Tliis  ideograph  delineates 
old  age  as  typified  by  muscular  and  bony  weakness,  and  may  be  considered 
the  earliest  artistic  representation  of  senile  debility.  The  symbol  is  first 
found  in  inscriptions  of  the  period  2700  to  2800  B.C.  It  is  to  be  compared 
with  the  hieroglyph  for  youth  which  consists  of  a  sitting  child  with  its  finger 
in  its  mouth. 

The  Papyrus  Ebers  (c.l550  B.C.)  (7,  8)  is  made  up  of  a  great  collection  of 
prescriptions  for  various  ailments,  some  observations  on  symptomatology 
and  diagnosis,  and  an  unusually  perspicacious  description  of  the  function  of 
the  heart  and  great  vessels.    Among  the  diseases  and  .symptoms,  which  are 


Fig.  1.  Hieroglyphic  sentence  from  the  Papyrus  Prissc  (c.  1580  B.C.)  containing 
the  Precepts  of  Ptah-hotep:  "To  be  an  old  man  is  evil  for  people  in  every  respect". 
(Quoted  by  Breasted,  The  Edwin  Smith  Surgical  Papyrus,  p.  493).  Note  the  seventh 
symbol  from  the  left,  which  is  enlarged  in  Fig.  2. 


Fig.  2.  This  bent  human  figure  resting  on  a  stafT  is  the  hieroglyphic  ideograph 
indicating  "old  age"  or  "to  grow  old",  and  used  as  a  determinative  in  phrases  in- 
volving the  concept  of  old  age.    First  noted  in  inscriptions  of  2700  to  2800  B.C. 

a.ssociated  with  old  age,  treatment  is  prescribed  for  the  following:  polyuria, 
accumulation  and  obstruction  of  in-ine,  cystitis,  cardiac  pain,  weakness, 
and  palpitation,  tumors,  both  innocent  and  malignant,  deafness,  and  eye 
diseases.  The  identification  of  many  Egyptian  medical  terms  is  often 
beyond  the  ability  of  the  translator,  who  is  forced  to  reproduce  in  his 
text  the  consonants  representing  the  original  word.  The  drugs  and  me- 
dicaments are  of  infinite  variety,  being  derived  from  the  animal,  vegetable 
and  mineral  worlds.  Many  remedies  are  offered  for  constipation,  grey 
hair,  baldness,  wrinkles,  as  well  as  the  more  serious  diseases  of  old  age. 

In  the  section  of  definitions  of  medical  terms  we  find  an  explanation  of 
the  manifestations  of  age.  "An  to  debility  through  senile  decay,  it  is  (due 
to  the  fact)  that  purulencj-  is  on  his  heart"  (8).    Although  the  importance 
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of  the  heart  for  life  seems  to  have  been  sensed,  the  Egyptians  can  in  no  way 
be  said  to  have  foreshadowed  Harvey's  great  discovert'  (9).  In  the  section 
devoted  to  ocular  diseases  we  find  a  recipe  for  cataract  which  serves  to 
exemplify  many  of  the  features  characteristic  of  Egyptian  medicine. 

Another  to  expel  water  suffusion  in  the  eyes: 
"Come,  malachite!    Come,  malachite! 
Come,  thou  green  one,  come  discharge  from  Horus^  eye, 
Come  secretion  from  Atum's  eye,  Come  fluid  that  has  come  out  of  Osiris! 
Come  to  him  and  expel  for  him  %vater,  matter,  blood,  dim  sight,  BJDJ, 
blindness,  blear-eyedness,  afflictions  caused  by  a  god,  by  a  dead  man  or 
woman,  all  kinds  of  purulency,  all  evil  things  that  are  in  these  eyes." 
Is  recited  over  malachite,  pounded  with  honey  NTHPRJI,  with  them  is 
pounded  rush  nut,  applied  to  the  eye.    Really  excellent  (8). 

This  typical  incantation  embodies  the  oral  and  manual  rites,  the  reference 
to  the  healing  power  of  the  gods  and  to  the  possible  etiologj'  in  the  disfavor 
of  the  gods  or  of  a  dead  person,  and  the  use  of  a  copper  compound  in  the 
eye,  a  practice  prevaiUng  at  the  present  time. 

All  studies  of  Egyptian  thought  indicate  that  not  only  was  old  age  held  in 
highest  respect  but  that  the  attainment  of  110  years  was  the  ultimate  in 
achievement  for  an  Egyptian.  The  inscription  on  a  statue  of  Amenophis, 
the  son  of  Hapu,  who  rivalled  Imhotep  as  a  healer,  bears  the  inscription: 
"I  have  attained  the  age  of  80  years,  may  I  live  to  be  110."  In  the  Papyrus 
Prisse  (c.  1580  B.C.)  we  find  the  precepts  of  Ptah-hotep,  a  vizier  in  the 
reign  of  Pharaoh  Assa  of  the  Fifth  Dynasty,'  who  endeavored  in  his  book  to 
pass  on  to  his  children  the  knowledge  he  had  accumulated  during  a  long 
life.  Dawson  (10)  calls  it  the  oldest  Wisdom  Book  in  the  world.  The 
final  words  of  the  papyrus  are:  "I  have  gathered  110  years  of  life,  for  the 
King  granted  more  favors  than  my  ancestors,  becau.se  I  acted  -nith  truth 
and  justice  for  the  King  until  my  old  age." 

Eg3^ptian  medicine  flourished  among  a  people  in  whom  family  life  was 
highl}^  developed.  The  children  showed  the  greatest  respect  for  their 
parents,  and  every  son  was  required  to  maintain  the  tomb  of  his  father. 
High  value  was  placed  upon  the  affection  of  one's  parents  and  famih'.  The 
inscription  is  found  commonly  in  tombs:  "I  was  one  beloved  of  his  father, 
praised  by  his  mother,  whom  his  sisters  and  brothers  loved"  (11).  Thus  we 
find  here  in  the  ancient  land  of  Kemi  not  only  the  beginning  of  the  medical 
study  and  treatment  of  the  old,  but  also  the  earliest  indication  of  the  mores 
that  were  to  characterize  the  rehgion  of  the  ancient  Hebrews  and  find  last- 
ing preservation  in  the  Old  Testament. 

The  writer  is  indebted  to  Mr.  Ambrose  Lansing,  Curator  of  Egyptian  .\rt.  Met- 
ropolitan Museum  of  Art,  Xew  York,  for  the  kindly  encouragement  and  helpful 
advice  of  a  true  scholar. 
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Authors'  Abstracts  of  Papers  Published  Elsewhere  by  Members  of  the 
Mount  Sin  ai  Hospital  Staff 


Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  column 
brief  abstracts  of  their  articles  appearing  in  other  journals. 


A  Human  Cortical  Area  Producing  Repetitive  Phenomena  When  Stimulated.  R.  M. 
Brickner.    J.  Neurophysiol.,  3:  128-130,  March  1940. 

During  the  electrical  exploration  of  a  human  cortex,  an  area  was  found  which 
when  stimulated  produced  perseveration  of  speech.  The  area  (area  X)  lay  on  the 
mesial  side  of  the  left  hemisphere,  in  area  6,  probably  just  above  the  junction  of  that 
area  with  the  posterior  part  of  area  32. 

The  patient,  under  local  anesthesia,  said  the  alphabet.  At  each  application  of 
the  stimulus,  and  throughout  the  period  of  stimulation,  the  letter  the  patient  was 
saj'ing  was  repeated  over  and  over  again.  The  perseveration  ceased  instantly  when 
the  stimulus  was  stopped. 

Area  X  is  far  from  any  known  part  of  the  speech  zone.  It  influenced  the  function 
of  distant  neurons,  and  in  such  a  way  that  these  neurons  were  thrown  into  action 
again  and  again,  as  though  the  impulse  were  imprisoned  in  a  given  cell  group,  able 
to  activate  that  group  only,  but  unable  to  pass  to  another. 

Treatment  of  Pruritus  Ani  by  Tattooing  with  Mercury  Sulfide.  R.  Turell,  A.  M. 
BuDA,  and  a.  W.  M.  Marino.  Arch.  Dermatol.  &  Syph.  41:  521,  March  1940. 
The  authors  have  treated  22  patients  with  intractable  pruritus  ani  by  tattooing 
the  anal  and  perianal  regions  with  mercury  sulfide.  The  results  obtained  have  been 
so  satisfactory  as  to  justify  a  continuation  of  this  form  of  therapy.  Two  private 
patients  were  followed  for  more  than  nine  months  and  the  clinic  patients  for  seven 
months.  A  prolonged  follow-up  period  will  be  necessary  for  the  final  evaluation  of 
this  therapeutic  procedure.  There  was  a  recurrence  in  one  patient,  which  took 
place  fourteen  weeks  after  tattooing  and  disappeared  spontaneously.  The  modus 
operandi  of  this  form  of  treatment  is  unknown.  The  mercury  may  have  either  an 
antiseptic  action  or  a  chemical  effect  on  the  cutaneous  nerve  supply.  To  determine 
whether  the  drug  was  necessary  or  not,  four  patients  were  treated  with  the  tattoo 
machine  without  the  use  of  mercury  sulfide.  Freedom  from  pruritus  was  obtained 
for  less  than  three  weeks.  In  all  cases,  the  recurrent  pruritus  disappeared  perma- 
nently after  the  tattooing  was  done  with  mercurj'  sulfide.  The  authors  feel  that  in 
the  occasional  case  the  psychic  element  is  as  important  as  the  physical  and  chemical 
aspects. 

Recklinghausen's  Disease.    Its  Elusive  Manifestations  and  Internal  Relations.  O. 
L.  Levin  and  H.  T.  Behrman.    Arch.  Dermat.  &  Syph.  41:  480,  March  1940. 
The  authors  have  reviewed  the  literature  and  presented  their  views  on  the  patho- 
genesis of  this  syndrome.    They  believe  that  the  disease  is  hereditarily  transmitted 
as  a  dominant  genetic  characteristic.    The  origin  of  the  tumors  is  mesodermal,  from 
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the  connective  tissue  sheath  of  nerves  (perineurium).  The  use  of  a  more  detailed 
cutaneous  classification  is  suggested.  The  presence  of  pigmentation  without  tumor 
formation  is  of  frequent  occurrence  and  is  a  definite  phase  of  the  disease.  Besides 
the  cutaneous  features,  there  are  fretjuently  associated  motor,  sensory,  skeletal  and 
mental  disturbances.  The  great  majority  of  patients  would  show  definite  signs  of 
glandular  aberration  if  they  were  carefully  examined  for  these  abnormalities.  A 
syndrome  with  so  great  a  multiplicity  of  symptoms  should  not  be  designated  by  a 
term  such  as  neurofibromatosis  which  describes  but  one  of  its  phases.  At  the  present 
level  of  knowledge  the  most  comprehensive  title  is  still  Recklinghausen's  disease. 

The  Prognosis  of  Nephritis  and  Nephrosis  in  Childhood.  H.  Schwarz,  J.  L.  Kohn 
AND  S.  B.  Weiner.  New  York  State  J.  M.  40:  6,  March  1940. 
A  clinical  study  was  made  of  388  children  with  nephritis  covering  a  period  of  25 
years.  Over  60  per  cent  of  these  cases  were  followed  for  an  average  of  5  years.  These 
patients  fell  into  four  clinical  groups:  1)  Acute  nephritis;  2)  chronic  nephritis, 
clinically  non-progressive  type;  3)  chronic  nephritis,  clinically  progressive  type; 
4)  lipoid  nephrosis.  The  immediate  mortality  in  the  acute  nephritis  was  5  per  cent. 
Apparently  85  per  cent  recovered  fully  and  the  remaining  10  per  cent  developed 
chronic  nephritis  either  progressive  or  non-progressive.  Of  the  patients  admitted 
with  a  diagnosis  of  chronic  nephritis  over  50  per  cent  died  within  a  year.  Only  8  per 
cent  have  lived  longer  than  5  years.  In  our  series  of  lipoid  nephrosis  mortality  was 
50  per  cent  in  the  first  year.  Twenty-five  per  cent  of  the  patients  apparently  re- 
covered. This  has  been  confirmed  by  a  long  follow-up.  We  feel  that  lipoid  nephro- 
sis is  distinct  from  chronic  nephritis. 

The  Intestinal  Phase  in  Urologic  Disease,  III.  The  Role  of  the  Colon  in  Urolithiasis. 
R.  TuRELL.  J.  Urol.  43  :  476  March  1940. 
The  literature  dealing  with  the  relation  of  infection  to  urolithiasis  is  reviewed. 
The  author  believes  that  preexisting  uroinfection  caused  by  the  organisms  of  the 
colon  bacillus  group  and  inflammatory  and  suppurative  lesions  and  dysfunction  of 
the  anorectocolonic  tube  are  important  causative  factors  in  the  genesis  of  urolithiasis 
in  certain  cases.  The  eradication  of  the  foregoing  lesions  and  the  correction  of  dys- 
fimction  are  an  important  part  of  the  therapeutic  program  for  the  elimination  and 
prevention  of  urolithiasis  with  infection  caused  by  organisms  of  the  colon  bacil- 
lus group. 

Recovery  in  Amyotrophic  Lateral  Sclerosis  (Treated  with  Tocopherols,  Vitamin  E). 
Preliminary  Report.  I.  S.  Wechsler.  J.  A.  M.  A.  114:  948-950,  March  1940. 
The  author  reports  two  cases  of  amyotrophic  lateral  sclerosis  which  responded 
to  treatment  with  vitamin  E.  The  first  patient  was  a  man,  52  years  of  age,  who  had 
weakness  of  one  hand  with  fibrillations,  atrophy  and  increased  reflexes  for  three 
months  before  coming  under  treatment.  Following  the  administration  of  vitamin  E, 
the  weakness  disappeared  and  the  atrophy  receded.  The  second  patient  was  a 
woman,  36  years  of  age,  who  had  a  very  advanced  form  of  the  disease  including  bulbar 
signs.  Following  the  administration  of  vitamin  E,  the  fibrillations  and  the  atrophy 
of  the  tongue  disappeared  and  her  general  strength  increased  so  that  from  a  bedridden 
patient  she  could  walk  about  the  room  with  assistance.  Without  making  any  claims 
that  the  absence  of  vitamin  E  is  the  cause  of  amyotrophic  lateral  sclerosis  or  the 
administration  is  its  cure,  the  author  merely  records  the  facts  and  suggests  further 
clinical  experimentation. 

Subacute  Yellow  Atrophy  of  the  Liver.    With  Unusual  Abdominal  Venous  Bruit. 
H.  Herman.    J.  Pediat.  16  :  507,  April  1940. 
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A  brief  discussion  of  the  relationship  between  acute  and  subacute  yellow  atrophy, 
catarrhal  jaundice,  cirrhosis,  hepatitis  and  hepatosis  served  to  introduce  a  case  of 
subacute  yellow  atrophy  of  the  liver  in  a  Jewish  girl  of  10  years.  The  condition 
was  entirely  silent  until  the  terminal  illness  which  lasted  four  weeks.  The  laboratory 
examination  suggested  severe  liver  damage  before  the  clinical  picture  did.  The 
etiological  factors  remain  undetermined  after  autopsy,  the  findings  of  which  were 
reported.  The  liver  was  half  the  normal  size,  and  presented  a  striking  picture  of 
yellow  atrophy  of  long  standing  with  nodular  areas  of  regeneration.  The  presence 
of  a  venous  bruit,  with  a  study  of  the  accompanying  regional  pathology  was  of 
particular  interest. 

Treatinent  of  Ocular  Syphilis.  O.  L.  Levin  and  H.  T.  Behrmax.  Arch.  Ophth. 
23:  693,  April  1940. 

Experience  and  observations  in  the  treatment  of  ocular  syphilis  are  described. 
The  accepted  modern  forms  of  therapy  are  indicated  and  the  dosages  and  drugs  are 
discussed  in  detail.  Proper  techniques,  including  suggestions  for  the  avoidance  of 
Herheimer  reactions,  are  carefully  discussed.  The  Swift-Ellis  method  of  intra- 
spinal therapy  is  advocated  in  resistant  ocular  syphilis  associated  with  neurosyphilis. 
Other  forms  of  supplemental  treatment,  such  as  hyperpj'rexia,  and  their  value  in  the 
different  phases  of  syphilis  of  the  eye  are  commented  upon.  The  recent  trends  in 
the  therapy  of  ocular  syphilis  offer  a  much  more  hopeful  prognosis  than  is  generally 
believed. 

The  Value  of  the  Sedimentalion  Time  in  Suppurations  of  the  Anorectal  Tissues. 
R.  TuRELL  AND  A.  W.  M.  :Marino.    Am.  J.  Clin.  Path.  10:  300,  April  1940. 

The  authors  have  employed  the  phenomenon  of  sedimentation  of  erythrocytes 
in  the  diagnosis  of  obscure  suppurations  in  the  anorectal  tissues.  Their  studies 
showed  accelerated  rates  of  sedimentation  of  the  red  blood  cells  in  cases  of  suppura- 
tion in  the  anorectal  tissues,  and  normal  rates  in  cases  of  nonsuppurative  lesions. 
In  one  case  of  fistula  in  ano  sedimentation  rates  were  recorded  from  the  early  onset 
of  infection  of  a  crypt  of  Morgagni  to  the  time  of  complete  postoperative  healing. 
Preoperatively,  as  the  lesion  was  progressing,  the  sinking  of  the  erythrocytes  was 
correspondingly  rapid  until  a  fistulous  tract  with  drainage  through  the  primary  and 
secondary  openings  was  established.  Postoperatively,  there  was  a  gradual  decrease 
in  the  rapiditj-  of  the  sedimentation  of  the  red  blood  cells  as  healing  progressed.  This 
test  demonstrated  the  progress  of  the  suppurative  process  more  accurately  than  did 
the  clinical  examination.  The  fluctuation  of  the  rate  of  the  sinking  of  the  erythro- 
cytes closely  paralleled  the  development  of  this  lesion  in  its  relation  to  drainage. 

The  employment  of  this  test  prior  to  injection  of  oil-soluble  anesthetics  in  the 
ambulatory  treatment  of  fissures  is  of  value.  It  is  also  useful  in  determining  the 
character  of  postinjection  reactions.  The  place  of  this  test  in  the  evaluation  of  the 
anorectal  symptoms  in  the  psychoneurotic  patient  whose  complaints  are  out  of  pro- 
portion to  the  existing  lesions  was  also  discussed. 

The  study  of  the  sedimentation  time  of  the  erythrocj'tes  is  valuable  in  the  differen- 
tial diagnosis  of  acute  anal  pain. 

Transfusion  of  Blood  from  Artificially  Immunized  Donor  in  the  Treatment  of  Chronic 
Bacillary  Dysentery.  R.  Turell.  J.  Lab.  &  Clin.  Med.  25  :  706,  April  1940. 
The  author  recorded  his  observations  with  transfusion  of  300  cc.  of  blood  obtained 
from  a  donor  who  was  artificially  immunized  with  a  vaccine  prepared  from  an  atypical 
Flexner  paradysenteriae  organism  isolated  from  the  ulcers  of  the  recipient's  colon. 
The  beneficial  effect  upon  the  diarrhea  was  prompt  and  clear  cut.  On  the  third 
day  following  immunotransfusion  there  was  a  drop  in  the  number  of  leucocytes  in 
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the  blood  from  20.600  to  7,250,  while  the  effect  on  the  hemoglobin  and  the  number  of 
the  erythrocytes  was  negligible. 

The  practical  results  obtained  in  tliis  patient  and  the  theoretical  basis  of  this 
method  appears  to  justify  an  extensive  trial  of  this  type  of  immtmotransfusion  in 
order  to  determine  its  proper  place  in  the  therapy  of  chronic  bacillary  dysenterj'. 

Carcinoma  of  the  S'asopharynx  with  Extension  to  the  I^etrous  Pyramid.  J.  Druss. 
Laryngoscope  50  :  359,  April  1940. 
Carcinoma  of  the  nasopharynx  because  of  its  relative  inaccessibility  and  very 
high  mortality  rate  is  one  of  the  most  dread  conditions  with  which  the  otolaryngolo- 
gist is  confronted.  Because  of  the  insidious  nature  of  its  growth  and  sparsity  of 
early  manifestations  it  is  frequently  undiagnosed  until  late  in  the  course  of  the 
disease.  Not  infrequently  physical  signs  and  symptoms,  chiefly  pain,  tinnitus  and 
impairment  of  hearing  are  related  to  the  ear.  A  case  of  carcinoma  of  the  nasopharynx 
with  extension  to  the  petrous  pyramid  is  presented.  The  importance  of  early  and 
careful  examination  of  the  naxopharynx  in  all  instances  of  unexplained  hemicranial 
pain,  aural  symptoms  or  cervical  adenopathy  is  emphasized. 

Treatment  of  Rickets  and  Tetany  by  Parenteral  Administration  of  One  Massive  Dose 
of  Vitamin  D.    H.  Vollmer.    J.  Pediat.  16:  419,  April  1940. 

The  harmlessness  of  one  single  dose  of  600,000  units  of  vitamin  D  is  shown  theo- 
retically and  is  practically  demonstrated  by  its  ailministration  to  158  children  in 
whom  no  toxic  manifestations  occurred. 

The  parenteral  administration  of  one  massive  vitamin  D  dose  is  recommended  for 
certain  clinical  purposes.  The  absorption  of  parenteral  vitamin  D  depots  can  be 
accelerated  by  using  a  mixture  of  oil  and  ether  instead  of  oil  alone  as  a  solvent.  The 
superiority  of  an  oil-ether  mixture  in  this  respect  is  demonstrated  by  animal  ex- 
periment. 

Rickets  and  tetany  respond  to  this  form  of  parenteral  vitamin  D  shock  therapy 
as  promptly  as  to  the  oral  administration  of  equal  doses  of  vitamin  D.  Serum  cal- 
cium and  phosphorus  become  normal  usually  after  three  to  seven  days.  Roentgeno- 
graphie  evidence  of  calcification  shows  within  one  week,  and  recalcification  is  usually 
complete  thirty  days  after  the  beginning  of  the  treatment.  Tetanic  convulsions 
cease  within  24  hours  after  the  parenteral  administration  of  one  massive  dose  of 
vitamin  D.  Prevention  of  rickets  in  premature  infants  with  parenteral  administra- 
tion of  single  massive  doses  of  vitamin  D  has  also  been  carried  out  successfully. 

The  Medical  Management  of  Hyperthyroidism.  H.  T.  Hymax.  Bull.  New  York 
Acad.  Med.  16  :  265,  .May  1940. 

The  clinical  management  of  hyperthyroidism  requires  a  complete  understanding 
of  the  physiology  of  the  thyroid  gland  and  the  involuntary  nervous  sj'stem.  The 
obvious  conception  of  hyperthyroidism  alone  is  not  sufficient  to  explain  the  s^'ndrome 
as  it  appears  in  the  individual  patient. 

Present  knowledge  of  clinical  hyperthyroidism  may  be  summarized  by  the  state- 
ment that  it  is  a  complicated  syndrome  consisting  of  neurogenic,  metabolic  and 
glandular  components.  Broadly  stated,  there  is  present:  1)  diminished  storage  of 
iodine  in  the  gland,  giving  rise  to  hyperplasia;  2)  sympathomimetic  symptoms  and 
3)  a  general  increase  in  catabolism. 

The  diagnosis  of  h}-perth3Toidism  is  often  too  inclusive,  embracing  individuals 
with  neuroses  and  no  metabolic  disturbance:  those  with  a  simple  goiter  and  others 
with  autonomic  imbalance. 

.\gain,  the  diagnosis  may  be  overlooked  particular!}-  in  thyro-cardiac  invalids. 
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Though  the  spontaneous  course  of  hyperthyroidism  is  toward  remission  or  re- 
covery, the  restitution  of  the  patient  calls  for  specific  therapy  with  iodine,  followed 
by  a  subtotal  thyroidectomy.  The  latter  should  be  considered  an  incident  in  the 
therapeutic  program.  Both  pre-operative  and  postoperative  management  require 
the  services  of  the  practitioner  or  internist  who  may  the  better  deal  with  the  indi- 
vidual components  of  this  complicated  clinical  problem. 

An  Experimental  Study  of  the  Chemical  Content  of  Sweat.  O.  L.  Levix,  S.  Silvers 
AND  H.  T.  Behrmax.  Urol.  &  Cut.  Rev.  44:  307,  May  1940. 
The  data  presented  in  this  article  indicates  that  there  is  a  great  variation  in  the 
total  nitrogen  of  sweat.  In  addition,  changes  in  the  urea  nitrogen,  sugar  concentra- 
tion and  the  chloride  content  of  sweat  were  observed  in  normal  individuals  and  in 
patients  with  various  skin  diseases.  The  sweat  concentration  in  pruritus  and  eczema 
showed  no  diminution  in  chloride  content.  The  results  of  these  experiments  failed 
to  show  any  real  difference  in  the  sugar  concentration  of  the  sweat  in  cases  of  acne 
vulgaris  or  of  follicular  and  pustular  dermatoses.  The  sweating  response  was  de- 
layed in  eczema,  seborrheic  dermatitis,  ichthyosis  and  parapsoriasis.  All  of  the 
variations  noted  in  male  patients  were  comparable  to  those  observed  in  female 
patients,  although  the  latter  formed  a  much  smaller  group. 

Present  Day  Conception  and  Treatment  of  Acne  Vulgaris.  O.  L.  Levin  axd  H.  T. 
Behrman.  Med.  World.  58:  310,  May  1940. 
This  paper  discusses  the  pathogenesis  of  acne  vulgaris.  Etiological  factors, 
aggravating  agents  and  clinical  types  are  thoroughly  reviewed.  General  and  local 
measures  of  therapy  are  described  in  detail.  The  authors  state  that  the  modern 
treatment  of  acne  has  completely  changed  the  former  depressing  outlook.  General 
measures  should  never  be  neglected  and  local  therapy  should  resolve  itself  into 
treatment  of  the  pathological  state  present.  The  final  cosmetic  result  is  of  para- 
mount importance  and  may  be  attained  by  management  of  each  case  as  an  individual 
problem. 

Arteriosclerosis  of  the  Coronary  Arteries  and  the  Mechanism  of  their  Occlusion.  H. 
Horn,  axd  L.  E.  Fixkelsteix.    Am.  Heart  J.  19:  655,  June  1940. 

The  results  of  a  study  of  one  hundred  unselected  autopsy  cases  of  recent  occlusion 
of  the  coronary  arteries  and  a  review  of  the  literature  are  presented.  Contrarj^  to 
common  belief,  the  individual  artery  most  frequently  the  seat  of  acute  occlusion  was 
the  right  coronary  artery.  Simultaneous,  multiple  occlusions  of  the  coronary 
arteries  were  frequent.  Vascularization  of  the  intima  of  the  coronary  arteries  was 
found  only  in  the  presence  of  arteriosclerosis.  Vascularization  is  regarded  unequiv- 
ocally as  a  sequel  of  the  degenerative  changes  in  the  intima.  Once  established, 
however,  the  capillary  network  becomes  an  important  factor  in  the  advance  of  the 
arteriosclerotic  process.  Intramural  hemorrhage  was  observed  frequently,  and  was 
always  found  to  be  associated  with  vascularization,  and  plaque  degeneration. 

Coronarj'  artery  occlusion  may  be  produced  either  by  intramural  hemorrhage 
(62.5  per  cent)  or  by  the  formation  of  a  thrombus  on  an  arteriosclerotic  plaque  (37.5 
per  cent).  Intramural  hemorrhage  was  found  to  lead  to  coronary  artery  occlusion 
either  by  inducing  acute  degenerative  and  reactive  responses  in  the  plaque  overlying 
the  hemorrhage,  by  obstructing  the  artery  mechanically,  or  by  actuallj-  producing 
dissolution  and  rupture  of  the  intimal  layer.  The  extent  and  variety  of  change  are 
dependent  upon  the  relationship  between  the  vascularity  of  the  plaque  and  the 
degree  of  degeneration  therein.  Coronarj'  arterj'  occlusion  produced  by  deposition 
of  a  thrombus  on  a  plaque  is  usually  secondary  to  an  edematous,  acute,  reactive  or 
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degenerative  change  in  the  subendothelial  tissue.  Kvidence  that  coronary  artery 
occlusion  may  be  a  slow  progressive  process  is  found  in  the  coexistence  of  recent  and 
organizing  changes  within  a  plaque  or  its  thrombus. 

Judging  from  this  morphologic  analysis,  coronary  artery  occlusion  is  believed  to 
be  a  fortuitous  incident  in  arteriosclerosis.  The  direct,  inunediate,  precipitating 
factors  underlying  recent  occlusive  changes  could  not  be  ascertained  in  this  survey. 

Estrogenic  Effects  upon  Tubal  Contractility  and  the  Vaginal  Secretion  in  the  Menopause. 
P.  Bernstein  .\nd  M.  Feresten.  Endocrinology  26:  946,  June  1940. 
Tubal  contractions  of  24  menopause  women  were  studied  before  and  after  estro- 
genic therapy  by  uterotubal  insufflation.  The  vaginal  secretion  was  also  studied  in 
19  cases.  In  at  least  62.5  per  cent  of  the  climacteric  patients,  tubal  function  was 
lower  than  that  found  by  Rubin  in  normally  menstruating  women.  In  13  of  19  meno- 
pause patients  (68.4  per  cent),  all  vaginal  smears  showed  follicular  characteristics 
(high  estrogen  levels).  In  the  6  remaining  patients  (31.6  per  cent)  we  found  the 
atrophic  pattern  (low  estrogen  levels).  There  was  no  constant  correlation  between 
the  tj'pe  of  vaginal  smear  and  tubal  function.  Estrogenic  therapy  increased  utero- 
tubal tone  and  tubal  contractility  in  over  three-fourths  of  the  patients.  In  all  6 
cases  showing  the  atrophic  vaginal  pattern,  the  vaginal  smear  picture  w-as  advanced 
after  estrogenic  therap}'  to  the  follicular  phase. 

Xeoplasms  Involving  the  Middle  Ear.    H.  Rosenw.\sser.    Arch.  Otolaryng.  32:  38, 
July  1940. 

The  futility  of  any  form!  of  treatment  for  advanced  malignant  growth  affecting  the 
middle  ear  is  shown  by  Case  1,  a  squamous  cell  carcinoma  in  which  the  tumor  at 
operation  had  already  extended  into  the  temporal  lobe  and  by  Case  2,  in  which  the 
tumor,  an  adenocarcinoma,  had  very  extensively  eroded  the  tempora  mandibular 
joint  and  zygoma.  Case  3,  a  fibrosarcoma  was  not  operated  upon,  but  was  appar- 
ently well,  free  of  symptoms,  for  three  years  following  intensive  external  irradiation. 
In  Case  4  there  was  no  improvement  in  the  facial  paralysis  after  radical  mastoid- 
ectomy followed  by  intensive  radiation  therapy. 

Growths  situated  deep  in  the  external  auditory  canal  should  be  regarded  as  poten- 
tially malignant  regardless  of  whether  they  are  associated  with  facial  paralysis,  pain, 
or  bloody  discharge.  A  single  negative  biopsy  does  not  remove  the  possibility  of 
malignancy.  Patients  with  long  standing  chronic  middle  ear  suppuration  with  polypi 
may  develop  a  superimposed  neoplasm  at  any  time  during  the  course  of  the  infection, 
and  the  onset  of  pain,  bloody  discharge,  or  peripheral  facial  paralysis  may  be  the 
first  manifestation. 

The  consensus  is  that  radical  electrosurgical  removal  combined  with  intensive 
external  irradiation  is  the  method  of  choice  in  the  treatment  of  neoplasms  involving 
the  middle  ear. 

Tattooing  {Puncturation)  with  Mercury  Sulfide  and  Other  Chemicals  for  the  Treatment 
of  Pruritus  Ani  and  Perinei:  Further  Investigations.    R.  Turell.    J.  Invest. 
Dermat.  3:  289,  August  1940. 
At  present  the  author  tattoos  not  only  patients  with  intractable  pruritus  ani  of 
long  standing  who  failed  to  respond  to  established  therapeutic  measures,  but  also 
those  patients  who  have  pruritus  ani  that  is  refractory  to  treatment  regardless  of 
the  duration  of  the  itching,  as  well  as  the  few  so-called  psychoneurotic  patients  with 
cutaneous  perianal  changes  consistent  with  pruritus  ani.    The  results  show  that  this 
form  of  treatment  is  also  effective  in  patients  in  whom  there  was  a  spread  of  the 
pruritus  from  the  posterior  to  the  anterior  perianal  areas  involving  the  perineum 
and  the  posterior  portion  of  the  vulva.    Tattooing  with  mercury  sulfide  is  apparently 
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of  little  value  in  pruritus  vulvae  and  perinei  of  undetermined  origin  or  with  super- 
imposed dermatitis.  This  form  of  therapy  is  under  no  circumstances  carried  out  in 
the  presence  of  inflammatory  and  infectious  disease  of  the  preformed  anal  ducts, 
anal  glands,  and  the  crypts  of  Morgagni.  All  anal  lesions  are  always  extirpated  prior 
to  tattooing.  Operation  and  tattooing  are  never  done  during  one  procedure  because 
the  primary  operation  may  control  the  itching  in  many  cases  and  because  in  the  pres- 
ence of  open  wounds  the  mercury  sulfide  may  get  into  the  subcutaneous  tissues  and 
form  mercury  albuminate  which  is  toxic  because  it  is  gradually  absorbed.  In  the 
present  series  of  thirty-seven  there  were  three  cases  of  recurrence  of  pruritus  ani 
following  tattooing  but  in  no  instance  was  the  recurrent  anal  pruritus  as  intense  as 
the  original  itching.  Studies  now  in  progress  appear  to  show  that  a  pharmaco- 
dynamic degenerative  effect  on  the  cutaneous  terminal  nerve  supply  is  produced 
by  tattooing  with  mercury  sulfide  which  alters  the  capacity  of  the  terminal  nerve 
network  to  respond  to  adequate  stimuli.  The  alteration  of  the  sensory  cutaneous 
modalities  is  within  limits  proportional  to  the  amount  of  the  intracutaneous  deposit 
of  mercury  sulfide. 

Rheumatic  Pericarditis  with  Effusion  Treated  with  Salicylates.  E.  P.  Bo.\s  and 
M.  Ellen-berg.    J.  A.  M.  A.,  115:  345,  August  1940. 

Salicylates,  in  doses  up  to  15  grams  a  day,  were  used  in  treating  twelve  cases  of 
rheumatic  carditis  associated  with  pericardial  effusion.  These  uniformly  resulted 
in  a  rapid  reduction  in  the  pulse  rate  and  a  resorption  of  the  precordial  exudate  with 
consequent  relief  of  dyspnea  and  toxemia.  Objective  evidences  of  improvement  were 
found  in  the  sharp  decreases  of  the  elevated  venous  pressure  and  in  the  diminution 
of  the  cardiac  shadow.  It  was  not  necessary  to  perform  pericardial  paracentesis 
even  though,  in  some  instances,  it  seemed  urgently  indicated. 

The  action  of  the  drug  in  these  cases  is  analogous  to  its  action  in  rheumatic 
arthritis  with  effusion,  i.e.  there  are  a  rapid  absorption  of  exudate  and  decrease  in 
fever.  The  drug  exerts  no  effect  on  the  rheumatic  infection,  or  rheumatic  endocar- 
ditis and  myocarditis. 

Vaccinia  of  the  Eyes.    J.  Lav.\l.    Arch.  Ophthal.  24:  367,  August  1940. 

Two  cases  are  reported  of  vaccinia  of  the  eyes  occurring  in  children  who  had  been 
vaccinated  on  the  left  upper  arm  and  in  both  of  whom  the  ocular  involvement  was 
on  the  right  side.  In  both  cases  the  conjunctivae  and  lid  margins  were  involved 
but  the  corneae  were  unaffected.  Rapid  recovery  occurred  in  both  cases  with  local 
treatment  plus  the  administration  of  sulfanilamide  by  mouth.  It  is  suggested  that 
possibly  the  sulfanilamide  was  of  some  help  but  more  cases  would  have  to  be  treated 
and  observed  before  any  definite  conclusions  could  be  drawn.  A  resume  of  the  litera- 
ture is  included  and  the  theories  as  to  the  mode  of  infection  and  the  role  of  immunity 
in  these  cases  is  discussed. 

Bullous  Schick  Reactions:  Their  Occurrence  During  Acute  Infectious  Diseases. 

A.  E.  Fischer,  B.  Rlbix  and  C.  K.  Greexwald.  Am.  J.  Dis.  Child.  60:  304, 
August,  1940. 

Positive  Schick  reactions  which  develop  blebs  or  bullae  have  been  observed  to 
occur  when  the  test  is  performed  during  the  acute  stage  of  many  of  the  infectious 
diseases,  i.e.  pneumonia,  measles,  scarlet  fever,  poliomyelitis,  etc.  The  reaction 
seems  to  be  associated  with  the  presence  in  the  body  of  an  acute  infectious  agent,  for 
the  reaction  has  not  been  observed  thus  far  in  normal  healthy  children.  Further- 
more when  children  who  develop  bullous  positive  Schick  reactions  are  re-tested  fol- 
lovving  their  acute  illness  a  normal  positive  or  even  a  negative  reaction  may  be  found. 
Titration  of  the  serum  for  diphtheria  antitoxin  show  that  some  of  these  patients  have 
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only  a  small  amount  of  circulating  antitoxin.  Surprisinglj-,  however,  although  the 
test  may  change  within  a  week  or  two,  the  amount  of  circulating  antitoxin  is  not  ap- 
preciably altered.  Cliildren  showing  the  bullous  type  of  reaction  should  not  be  con- 
sidered susceptible  to  diphtheria  unless  they  show  a  normal  positive  Schick  reaction 
some  time  after  recovery  from  the  acute  illness. 

Tattooing  (Piincturation)  with  Mercury  Sulfide  for  the  Treatment  of  Intractable  Pruritus 
Caused  by  Leukoplakia-Kraurosis  Vulvae.    H.  Tlrell.    Am.  J.  Obst.  &  Gynec. 
40:  334.  August  1940. 
This  report  concerns  the  successful  employment  of  tattooing  with  mercury  sulfide 

for  the  treatment  of  intractable  pruritus  caused  by  leukoplakia-kraurosis,  which  had 

not  been  controlled  previously  by  partial  vulvectomy  and  four  additional  surgical 

procedures. 

Rehabilitation  Following  Acute  Coronary  Occlusion.  A.  M.  Master  and  S.  Dack. 
J.  A.  M.  A.  115:  828,  September  1940. 

A  follow-up  study  after  coronary  occlusion  was  made  to  determine  the  incidence 
and  degree  of  economic  restitution  and  the  various  factors  influencing  the  latter. 
Four  hundred  and  fifteen  patients  were  followed  for  from  six  months  to  fifteen  years 
after  the  attack.  There  were  185  private  and  230  ward  patients  of  all  ages,  occupa- 
tions and  walks  of  life. 

More  than  one-half  the  patients  returned  to  work  on  full  or  part  time.  Half  of  this 
group  resumed  work  within  three  months  of  discharge,  three-fourths  within  six 
months  and  nine-tenths  within  one  year.  The  percentage  of  patients  returning  to 
work  was  higher  in  the  yoiuiger  age  groups,  particularly  those  under  40,  and  in  those 
recovering  from  an  initial  attack.  The  percentage  was  about  the  same  in  males  and 
females.  The  professional  and  white  collar  classes  resumed  their  work  more  fre- 
quently than  did  persons  engaged  in  other  occupations. 

The  chief  cause  of  failure  to  return  to  work  was  phj'sical  disability  resulting  from 
angina  pectoris,  dyspnea  and  weakness.  Other  reasons  were  advice  not  to  work  and 
disability  insurance.  About  one-half  the  patients  who  returned  to  work  complained 
of  pain,  dyspnea  or  weakness  which  were  not  of  sufficient  degree  to  cause  disability. 
It  is  our  impression  that  the  work  did  not  aggravate  these  symptoms  or  predispose  the 
patient  to  them  or  to  further  attacks  of  coronarj'  occlusion  or  heart  failure. 

An  attack  of  acute  coronary  occlusion  in  itself  is  not  sufficient  reason  for  perma- 
nent disability.  Complete  recoverj'  and  full  or  partial  economic  restitution  are 
common.  Heart  failure  or  a  severe  anginal  syndrome  is  evidence  of  complete  dis- 
ability. 

Pulmonary  Infection  and  Xecrosis  in  Diabetes  Mellilus.  S.  E.  Mooltex.  .\rch.  Int. 
Med.  66:  561,  September  1940. 
The  impaired  resistance  to  infection  in  diabetic  persons  is  probably  part  of  a 
general  vulnerability  of  diabetic  tissues  to  injury  of  any  type  and  is  related  to  de- 
ficient cellular  oxidation.  Both  cellular  repair  and  immunity  responses  may  be 
seriously  affected. 

The  unfavorable  prognosis  of  pulmonary  tuberculosis  in  cases  of  poorly  treated 
diabetes  is  well  known.  Other  pulmonary  infections  may  also  prove  disastrous,  par- 
ticularly those  which  invite  suppuration  and  necrosis.  Of  peculiar  interest  is  the 
predisposition  of  patients  with  prolonged  pancreatic  insufficiency  to  pulmonary  sup- 
puration and  pulmonary  tuberculosis.  The  former  is  frequent  in  cases  of  congenital 
steatorrhea  associated  with  fibrosis  of  the  pancreas;  the  latter,  in  cases  of  pancreatic 
lithiasis.  . 


1174 


ABSTRACTS 


A  case  of  pancreatic  lithiasis  is  described  in  which  chronic  pancreatic  insufficiency 
with  diabetes  mellitus  was  complicated  by  extensive  necrotic  pneumonia  of  mixed 
bacterial  type.  Only  one  similar  case  has  been  reported  in  the  literature.  This  type 
of  pneumonia  appears  to  be  identical  with  that  described  by  Letulle  and  Bezancon 
under  the  heading  of  "dissecting  necrotic  pneumonia"  and  differs  from  other  forms  of 
necrotic  and  suppurative  pneumonia  in  its  distinctive  morphologic  and  clinical 
features.  As  in  the  present  case,  it  is  probably  to  be  regarded  as  a  special  instance  of 
the  particular  disposition  of  cachetic  tissues  to  undergo  necrosis. 

Studies  on  the  Absorption  of  Sulfanilamide  from  the  Large  Intestine:  Results  Following 
the  Administration  of  Suppositories.    R.  Turell,  A.  W.  M.  M.vrixo  .\nd  L.  Xerb. 
Ann.  Surg.  112:  417,  September  1940. 
The  authors  have  shown  that  sulfanilamide  in  solution  or  in  suppository  form  is 
absorbed  from  the  rectum  and  colon  in  man.    Greater  absorption  followed  the  rectal 
administration  of  sulfanilamide  in  solution.    The  results  suggest  that  the  colon  is  a 
practical  site  for  the  administration  of  sulfanilamide  whenever  the  oral  route  cannot 
be  utilized.    Proctosigmoidoscopic  studies  following  the  rectal  administration  of  this 
drug  showed  no  changes  in  the  normal  mucosa  of  the  rectum  or  colon.    Nausea  fol- 
lowing the  administration  of  sulfanilamide  b\-  bowel  was  observed  only  once. 

Radiation  Therapy  for  Recurrent  Sacrococcygeal  Cysts  and  Sinuses.  R.  Turell. 
Surg.  8:  469  September  1940. 
The  author  advocated  radiation  therapy  as  a  substitute  for  operation  for  the  re- 
currence of  infected  sacrococcygeal  sinuses.  It  was  pointed  out  that  recurrence 
characterizes  this  lesion  regardless  of  the  form  of  surgery  utilized,  and  that  recur- 
rences are  usually  caused  by  the  failure  of  removal  of  the  primary  infected  scar  tissue 
and  the  eradication  of  infection.  The  successful  treatment  of  four  cases  is  described. 
The  wounds  healed  within  a  period  of  two  months.  The  quality  of  scar  tissue  in  each 
case  appeared  to  be  inferior  to  that  observed  elsewhere  in  the  body.  To  date  there 
have  been  no  recurrences  following  radiation  therapy.  It  is  conceivable  that  when 
all  branches  of  the  sinus  and  the  ectopic  epithelium  are  incompletely  removed  during 
the  original  operation,  radiation  therapy  may  fail,  and  reoperation  may  become 
necessary. 

Diverticulitis  of  the  Colon  with  Special  Reference  to  the  Surgical  Complications.  E.  E. 
Arxheim.  Ann.  Surg.  112:  352,  September  1940. 
From  1927  to  1937  thirty-five  cases  of  diverticulitis  of  the  colon  were  admitted  to 
the  surgical  services  of  The  Mount  Sinai  Hospital.  Surgical  complications  were  not 
present  in  sixteen.  The  incidence  of  surgical  complications  in  the  remaining  nine- 
teen was  as  follows:  peritonitis  without  perforation  in  two,  abscess  in  five,  perfora- 
tive peritonitis  in  five,  stenosis  (peridiverticulitis)  in  four,  sigmoidovesical  fistula  in 
two  and  associated  carcinoma  in  one.  The  sigmoid  was  the  most  frequent  site  of  the 
disease,  though  perforation  of  a  diverticulum  of  the  splenic  flexure  occurred  twice. 
Operation  was  not  performed  in  the  uncomplicated  cases;  they  subsided  under  con- 
servative therapj'.    The  operative  mortality  was  62  per  cent. 

Roentgen  Aspects  of  Non-Putrid  Pulmonary  Suppuration.  M.  L.  St:ssM.\x.  Am.  J. 
Roentgenol.  &  Radium  Therapy.  September  1940. 
Xon-putrid  pulmonary  suppuration  differs  from  simple  bronchopneumonia  by  the 
occurrence  of  necrosis  of  the  pulmonary  parenchyma.  The  cases  may  be  grouped 
into  diffuse  suppuration  without  abscess,  segmental  abscess,  and  multiple  abscesses. 
-V^out  50  per  cent  of  the  cases  of  non-putrid  abscess  reach  the  radiologist  when  pleural 
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complications  have  alrcadj'  occurred  which  obscure  the  pulmonary  lesions.  A  roent- 
genological tliagnosis  of  the  underlying  abscess  is  then  not  possible  unless  air  and 
fluid  are  present  in  the  pleural  cavity.  In  this  case  the  presence  of  a  perforated 
abscess  can  be  inferred. 

In  a  group  of  20  cases  of  non-putrid  pulmonary  abscess  in  which  fluid  levels  were 
shown,  50  per  cent  showed  a  single  level,  40  per  cent  numerous  levels  within  a  seg- 
mental pneimionia,  and  10  per  cent  multiple  levels  in  a  diffuse  bilateral  pneumonitis. 
This  does  not  give  a  correct  estimate  of  the  incidence  of  the  diffuse  disease  because 
many  cases  are  not  recognized  clinically  whether  cavitation  is  present  or  not.  Cavi- 
tation is  recognized  often  only  by  routine  serial  roentgen  examination  of  cases  of  mild 
or  moderately  severe  bronchopneumonia  in  which  resolution  is  taking  place  slowly. 
It  is  believed  that  in  some  cases  an  infected  emphysematous  bleb  is  present  rather 
than  a  true  abscess.  Occasionally  the  abscess  cavity  persists  and  is  converted  into  a 
pseudo-cyst  if  the  inflammatory  process  subsides. 

The  bronchial  changes  which  occur  regularlj'  in  non-putrid  pulmonary  suppura- 
tion are  also  reviewed  briefl}'. 

The  Conservative  Management  of  Sigmoidoscopic  Perforation.  M.  A.  Sallick.  Sur- 
gerj-  8:  473,  September  1940. 
Perforation  of  the  bowel  during  sigmoidoscopic  examination  need  not  necessarily 
call  for  immediate  abdominal  exploration.  The  mortality  rate  in  cases  operated 
upon  for  this  complication  is  high.  The  fact  that  the  lower  colon  has  usually  been 
thoroughl}'  cleansed  prior  to  the  examination  makes  gross  contamination  of  the  ab- 
dominal cavity  unlikely.  The  ability  of  the  peritoneum  to  take  care  of  infection  that 
is  not  overwhelming  deserves  consideration.  Recovery  can  occur  through  the  em- 
ployment of  expectant  and  supportive  measures  alone.  In  aged  and  poor-risk  pa- 
tients with  sigmoidoscopic  perforation  and  in  cases  where  there  has  been  a  delay  of 
several  hours  in  establishing  the  diagnosis  or  in  instituting  treatment,  conservative 
rather  than  operative  management  is  advisable. 

Syphilis  of  the  Stomach.  A  Critical  Review  with  Four  Additional  Cases.  A.  Wixkel- 
STEiN'  AND  A.  Cornell.  Urol.  &  C'ut.  Rev.  44:  10,  October  1940. 
Gastric  lues,  while  pathologically  rare,  is  diagnosed  clinically  frequently.  It 
occurs  in  the  form  of  masses  (gummas)  and  diffuse  infiltration.  There  is  no  charac- 
teristic clinical  picture.  It  simulates  gastritis,  ulcer,  and  carcinoma.  A  diagnosis 
should  rest  on  the  following  criteria:  (a)  positive  Wassermann  reaction;  (b)  lues 
elsewhere  in  the  body;  (c)  achlorhydria;  (d)  extensive  and,  at  times,  characteristic 
radiographs  ("'dumb-bell"  and  linitis  plastica);  (e)  response  to  the  therapeutic  test; 
and  the  best  criterion  of  all  (f)  resection  with  histologic  proof.  Some  gastroscopic 
observations  are  already  at  hand.  Anti-luetic  therapy  gives  brilliant  results  in  two- 
thirds  of  the  cases.  Surgery  is  indicated  for  obstruction  and  suspicion  of  neoplasm. 
Four  cases,  personally  observed  and  proved  by  histologic  examination,  are  described. 
The  chief  importance  of  gastric  syphilis  lies  in  its  differentiation  from  gastric  car- 
cinoma. 
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Miriam  Reiner,  IM.Sc.  Manual  of  Clinical  Chemistry.  Interscience  Publishers, 
Inc.,  New  York,  1941. 

Mimeographed  directions  were  assembled  in  a  booklet  for  many  j'ears  and  period- 
ically revised  for  use  by  the  internes  and  laboratory  workers  at  The  Mount  Sinai 
Hospital.  It  formed  the  nucleus  for  this  highly  useful  little  volume  into  which  the 
author  attempted  to  condense  all  of  the  more  practical  and  important  chemical  pro- 
cedures used  almost  constantly  in  clinical  investigations  carried  out  in  the  Chemical 
Laboratorj'.  By  revising  and  simplifying  the  directions  for  the  procedures  required 
in  performing  the  various  tests,  by  giving  clear-cut  instructions  for  the  preparation 
of  reagents,  and  by  providing  formulae  for  simple  calculation  of  results,  the  author 
has  accomplished  the  task  successfully. 

The  value  of  the  book  is  enhanced  by  tables  containing  highly  useful  information 
concerning  chemical  constituents  of  the  body  fluids,  as  well  as  their  normal  and 
abnormal  values. 

Xot  without  interest  is  also  the  fact  that  the  book  has  strong  local  color.  The 
reviewer  notes  with  pleasure  that  many  well  established  and  useful  methods  have 
originated  or  have  been  advantageously  modified  at  this  hospital. 

The  book  is  not  only  valuable  as  a  guide  for  laboratory  procedures,  but  is  also  a 
useful  and  very  handy  source  of  reference  in  any  laboratory. 

I.  SxAPPER,  M.D.  Chinese  Lessons  to  Western  Medicine.  (Foreword  by  George  R. 
Minot.)    Interscience  Publishers  Inc.,  New  York,  1941. 

The  experiences  of  a  keen  European  clinician  transferred  to  China  at  the  peak  of 
his  career  must  supply  interesting  reading  to  physicians.  This  expectation  is  fully 
realized  in  Professor  Snapper's  new  book.  Every  page  reflects  the  wide  scope  of  his 
interests  and  knowledge.  Dr.  Snapper  has  long  been  known  as  an  accomplished 
clinician  and  a  productive  investigator.  He  details  his  impressions  after  several 
years  at  the  Peiping  Union  Medical  College,  emphasizing  the  differences  between  the 
manifestations  of  disease  as  seen  in  the  Orient  and  those  observed  in  the  West. 

The  volume  by  Dr.  Snapper  is  not  easy  to  review.  Its  contents  are  by  no  means 
limited  to  the  unique  manifestations  of  disease  among  the  Chinese.  The  entire  field 
of  internal  medicine  is  touched  by  the  author's  facile  pen.  The  table  of  contents 
reads  like  a  textbook  of  medicine  and  in  every  chapter  interesting  side-lights  are 
presented.  One  is  impressed  by  the  fact  that  there  must  be  important  factors  which 
alter  the  response  of  the  Oriental  to  diseases  which  we  know  in  the  West.  The  author 
makes  out  a  strong  case  for  the  preponderant  influence  of  diet  and  dietary  deficiencies 
in  determining  clinical  pictures.  His  facts  about  the  low  protein  content  of  the 
Chinese  diet,  its  high  content  of  unsaturated  fats,  its  relative  freedom  from  animal 
proteins,  cholesterol  and  dairy  products  and  its  low  vitamin  content  are  pre.sented  to 
prove  that  these  influence  the  manifestations  of  almost  every  clinical  picture  in 
China. 

Every  student  of  clinical  medicine  can  read  this  book  with  profit.  From  it  he  will 
learn  some  of  the  lessons  that  the  title  promises  and  will  realize  that  only  a  teacher 
like  Dr.  Snapper  could  himself  have  learned  so  much. 
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DESOXYCORTICOSTERONEi 

GEORGE  W.  THORN,  M.D."- 
[ Associate  Professor  of  Medicine,  Johns  Hopkins  University] 

INTRODUCTION 

Thomas  Addison's  description  in  1855  of  a  clinical  syndrome  which 
resulted  from  destruction  of  the  adrenal  glands  fii-st  called  attention  to 
the  vital  function  of  these  organs.  Shortly  thereafter  Brown-Sequard 
demonstrated  conclusively  that  complete  removal  of  both  adrenals  was 
followed  promptly  by  death  of  the  experimental  animal.  The  studies  of 
Vulpian,  Oliver,  Schaeffer,  Abel,  Takamine  and  Aldrich  ultimately  resulted 
in  the  isolation  of  epinephrin  from  the  adrenal  medulla.  It  was  soon  noted 
clinically,  however,  that  epinephrin  was  ineffective  in  the  treatment  of 
Addison's  disease.  Furthermore,  it  was  observed  experimentally  that  the 
complete  removal  of  one  adrenal,  accompanied  by  destruction  of  the 
medulla  of  the  remaining  adrenal,  did  not  give  rise  to  the  classical  signs  and 
symptoms  of  adrenal  insufficiency.  From  these  observations  it  appeared 
that  the  "life-maintaining"  substance  liberated  by  the  adrenal  was  derived 
from  the  cells  of  the  cortex. 

In  1927  Hartman,  MacArthur  and  Hartman  (1),  and  Rogoff  and  Stewart 
(2)  independently  reported  the  preparation  of  adrenal  cortical  extracts 
which  were  capable,  on  injection,  of  prolonging  the  survival  period  of 
adrenalectomized  animals.  In  1930,  Swingle  and  Pfiffner  (3),  and  Hart- 
man and  Brownell  (4)  described  methods  of  preparing  adrenal  cortical 
extracts  of  much  greater  potency.  These  extracts  appeared  to  be  capable 
of  maintaining  bilaterally  adrenalectomized  dogs  and  cats  in  good  con- 
dition for  prolonged  periods.  It  was  also  noted  that  injections  of  these 
extracts  in  adequate  quantities  resulted  in  considerable  improvement  in  pa- 
tients with  Addison's  disease  (5,  6).  However,  difficulties  which  were  en- 
countered in  the  preparation  of  large  quantities  of  potent  extract  and  in  the 
standardization  of  the  hormone,  in  addition  to  the  high  cost  of  preparation, 
greatly  limited  adequate  clinical  trial.  Furthermore,  it  was  apparent  at 
this  time  that  although  improvement  might  be  made  in  the  methods  of  ex- 
tracting hormone  from  adrenal  glands,  it  was  doubtful  whether  the  prepa- 
ration of  hormone  from  this  natural  source  could  ever  provide  an  adecjuate 
quantity  of  potent  material  at  a  cost  which  most  patients  could  afford. 

The  classical  studies  of  Loeb  (7)  and  Harrop  (8)  demonstrated  the 
beneficial  effect  of  sodium  salts  in  the  treatment  of  patients  with  Addison's 

1  Lecture  delivered  at  the  Blumenthal  .\uditorium  of  The  Mount  Sinai  Hospital 
on  March  14,  1941,  as  part  of  a  Symposium  on  the  Steriod  Hormones. 

2  It  was  originally  planned  to  publish  this  paper  in  the  Anniversary  Volume 
of  this  Journal  (Vol.  8,  Xo.  5,  1942)  dedicated  to  Dr.  Bernard  S.  Oppenheimer. 
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disease.  Not  only  was  a  diet  of  high  sodium  content  beneficial  but  the 
studies  of  Truszkowski  and  Zwemer  (9)  and  Wilder  (10)  demonstrated  the 
advantages  of  a  low  potassium  intake  in  patients  with  adrenal  insuffi- 
ciency. From  these  observations  it  was  evident  that  in  the  clinical  evalua- 
tion of  adrenal  cortical  hormone  therapy  the  mineral  content  of  the  diet 
required  great  consideration. 

In  1933  both  Kendall  (11)  and  GroUman  (12)  obtained  crystalline  ma- 
terial from  adrenal  cortical  extracts.  This  material  appeared  to  possess 
cortical  hormone-like  activity.  Somewhat  later  Reichstein  (13)  isolated  a 
crystalline  compound  from  the  adrenal  cortex  which  possessed  cortical 
hormone-lLke  activity  and  which  he  identified  and  named  "corticosterone." 
Subsequently  Kendall  demonstrated  that  the  active  compound  which  he 
had  described  was  identical  with  that  of  Reichstein 's  "corticosterone" 
(14).  In  1937  Steiger  and  Reichstein  (15)  announced  the  synthesis  from 
stigmasterol  of  a  steroid  compound,  desoxycorticosterone  acetate.  This  com- 
pound was  found  to  possess  cortical  hormone-like  activity  (16)  and  was 
noted  to  be  very  closely  related,  chemically,  to  progesterone.  During  the 
following  year  Reichstein  and  Von  Euw  (17)  succeeded  in  isolating  desoxy- 
costerone  from  adrenal  cortical  extract,  thus  establishing  its  natural  oc- 
currence. It  is  unique  that  in  this  instance  a  hormone  was  synthesized 
prior  to  its  isolation  from  a  natural  source.  At  the  present  time  it  is  feasible 
commerically  to  prepare  desoxy-corticosterone  acetate  from  cholesterol  at 
a  cost  which  most  patients  are  able  to  afford. 

INTERMEDIATE  METABOLISM  OF  ADRENAL  CORTICAL  HORMONE 

Few  data  are  available  regarding  the  nature  of  the  intermediate  meta- 
bolism of  the  adrenal  cortical  hormone  in  man.  From  1000  liters  of  human 
male  urine  Engel  (18)  isolated  63  mg.  of  pregnandiol-3(Q:),  20  (a),  68  mg. 
of  trans-dehydroandrosterone ,  167  mg.  of  androsterone  and  27  mg.  of  etio- 
cholanol-3(a)-one-17. 

Callow  and  Callow  (19)  have  suggested  that  since  trans-dehydroandros- 
terone is  excreted  in  increased  amounts  in  the  urine  of  a  eunuch,  this  com- 
pound may  be  of  adrenal  cortical  origin.  This  is  consistent  with  the 
observation  that  normal  females  as  well  as  castrate  females  excrete  this 
compound  in  an  amount  compai'able  with  that  excreted  by  normal  males. 
Additional  evidence  bearing  on  this  point  is  provided  by  the  observation 
of  Crooke  and  Callow  (20)  that  there  is  an  increased  excretion  of  trans- 
dehydroandrosterone  in  patients  wdth  adrenal  cortical  tumors. 

Androsterone  and  etiocholanol-3  {a) -one-l7  are  also  constituents  of  the 
urine  of  normal  males,  castrate  males,  normal  females,  and  castrate  females, 
although  the  amounts  excreted  by  the  castrate  male  are  significantly 
smaller  (0.6  mg.  of  androsterone  and  0.9  mg.  of  etiocholanol-3 (a) -one-17  per 
liter)  than  those  excreted  by  the  normal  male.    In  addition.  Marker  and 
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Lawsoii  (21)  have  isolated  androsteronc  from  the  urine  of  pregnant  women, 
and  Butler  and  Marrian  (22)  have  obtained  etiocholanol-3(a)-one-17  from 
the  urine  of  a  woman  suffering  from  adienal  liyi)erplasia.  The  observation 
of  Callow  (23)  and  Dorfman,  Cook,  and  Hamilton  (24)  that  the  injection 
of  massive  doses  of  testosterone  in  male  patients  suffering  from  hypo- 
gonadism is  followed  by  an  inoreascnl  excretion  of  androsterone  and  etio- 
cholanol-3(a)-one-17  suggests  that  in  part,  at  least,  these  compounds  are  of 
gonadal  origin  and  indicates  that  the  reduction  of  testosterone  can  take 
place  in  some  site  other  than  the  testis. 

Further  evidence  on  this  point  has  been  obtained  by  Dorfman  and 
Hamilton  (25)  who  observed  an  increased  amount  of  androsterone  in  the 
urine  of  a  eunuchoid  patient  following  the  oral  administration  of  testos- 
terone, androsterone,  androstanediol-3(a),17,  androstanedione-3,17,  and 
androstene-4-dione-3 ,17. 

TABLE  1 

A  summnry  of  the  excretion  of  certain  neutral  steroids  which  have  been  isolated  f rom 

human  urine 


TRAN8DE- 
HYDRO- 
AKDBOS- 
TEBOND 

ANDBOS- 
TBBONE 

ETIOCBOL- 
ANOL-3- 
ONB-17 

ETtOALLO- 

cholanol- 
3(b)-one-17 

PREG- 
NANDIOL 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Normal  male  

Normal  female  

Castrate  male  

Castrate  female  

Pregnant  female.  .  . . 
Adrenal  hyperplasia. 
Adrenal  carcinoma.  . 


Butler  and  Marrian  (22)  have  also  isolated  etioallocholanol-3(/3)-one-17 
(isoandrosterone)  from  the  urine  of  a  woman  \\dth  adrenal  hyperplasia  and 
Hirschmann  (26)  isolated  isoandrosterone  from  the  urine  of  a  27  year  old 
woman  with  virilism.  Pearlman  (27)  was  able  to  isolate  11  mg.  of  iso- 
androsterone from  146  liters  of  normal  female  urine  and  Dorfman  (28)  re- 
covered the  compound  (appro.x.  3  mg.  daily)  from  the  urine  of  a  hypogonad 
male  who  was  receiving  30  mg.  of  testosterone  daily  by  injection.  Thus, 
although  isoandrosterone  has  been  isolated  from  the  urine  of  w'omen  with 
virilism  as  well  as  from  the  urine  of  normal  females  its  recovery  in  higher 
concentrations  from  the  urine  of  a  patient  treated  with  testosterone  (28) 
suggests  that  this  compound  may  also  in  part  at  least  be  of  gonadal  origin. 

Pregnandiol-3(a),20(a)  is  generally  recognized  as  a  normal  constituent 
of  gravid  and  non-gravid  human  female  urine.  The  isolation  by  Engel 
(18)  of  pregnandiol-3  {a)  ,20 {a)  from  human  male  urine  and  the  studies  of 
Buxton  (29)  in  which  pregnaiuliol  was  isolated  from  the  urine  of  a  noi-mal 
male  subject  following  the  injection  of  progesterone  suggest  that  the  human 
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male  is  able  to  effect  the  reduction  of  progesterone  to  pregnandiol. 
Marker,  Wittle,  and  Lawson  (30)  have  isolated  pregnandiol-3(a),20(a), 
allo-pregnandiol-3(a), 20(a),  and  allopregnandiol-3{0),2O(a)  from  bull 
urine  but  no  traces  of  the  pregnandiols  could  be  obtained  from  steer  urine 
(31).  Beall  (32)  was  able  to  isolate  progesterone  and  allopregnanol-3(/3)- 
one-20  from  ox  (steer)  adrenal  glands.  This  would  suggest  that  in  this 
species  the  testis  may  play  some  role  in  the  reduction  of  progesterone  to 
the  pregnandiols  and  that  in  the  absence  of  the  testis  the  degradation  pro- 
ceeds to  unrecognizable  products.  In  this  connection  it  is  interesting  to 
note  that  no  pregnandiols  could  be  recovered  from  the  urine  of  the  pregnant 
rhesus  monkey  following  the  injection  of  progesterone  or  pregnandiol  (33). 

The  presence  of  androsterone,  trans-dehj^droandrosterone,  etiocholano- 
lone  in  the  urine  of  castrate  males,  castrate  females  and  patients  with 
adrenal  cortical  hj'perplasia  or  tumor,  suggests  the  possibility  that  these 
substances  may  actually  represent  excretion  products  of  adrenal  cortical 
hormone. 

PHYSIOLOGICAL  CONSIDERATIONS 

The  regulation  of  the  renal  excretion  of  sodium,  chloiide  and  potassium 
represents  the  most  striking  activitj^  of  desoxycorticosterone.  During  a 
period  of  hormone  administration  sodium  and  chloride  excretion  are  greatly 
reduced,  whereas  the  excretion  of  potassium  is  facilitated  (Chart  1  and 
table  2).  This  effect  of  the  hormone  has  been  observed  in  normal  dogs 
(16)  and  in  normal  human  subjects  (34)  as  atcII  as  in  bilaterally  adrenal- 
ectomized  dogs  (16)  and  patients  with  Addison's  disease  (35).  Renal 
clearance  studies  in  normal  dogs  reveal  the  fact  that  the  clearance  for 
sodium  and  chloride  is  markedly  reduced  during  hormone  administration 
whereas  creatinine  clearance  (a  measure  of  glomerular  filtration  in  dogs)  is 
not  affected  appreciably  (chart  2).  These  observations  suggest  that  the 
synthetic  hormone  exerts  a  specific  effect  on  the  tubular  reabsorption  of 
sodium  and  chloride,  an  observation  which  Harrison  and  Darrow  (36)  have 
made  with  respect  to  aqueous  adrenal  cortical  extracts,  tested  in  adrenal- 
ectomized  animals. 

Associated  with  the  retention  of  sodium  and  chloride  which  occurs  during 
desoxycorticosterone  administration  there  is  a  striking  increase  in  plasma 
volume  (chart  3)  with  a  corresponding  decrease  in  hematocrit  (per  cent 
volume  of  red  cells)  (35).  It  cannot  be  stated  conclusively  at  this  time 
whether  the  increase  in  plasma  volume  mereh^  reflects  the  effect  of  the 
hormone  in  increasing  the  renal  tubular  reabsorption  of  sodium  and 
chloride  or  whether,  in  addition,  the  hormone  may  exert  a  specific  effect 
upon  the  permeability  of  blood  vessels.  Closely  correlated  with  the  in- 
crease in  plasma  volume  is  the  striking  expansion  in  the  volume  of  extra- 
vascular-extra-cellular  fluid.    So  marked  is  this  increase  that  one  of  the 
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Chart  1.  The  effect  of  desoxycorticosteroiie  acetate  treatment  in  a  normal  subject. 
(After  Thorn  and  Emerson,  1940,  by  courtesy  of  the  Annals  of  Internal  Medicine.) 

TABLE  2  / 
The  effect  of  desoxycorticosteroiie  acetate  treatment  on  the  renal  excretion  of  sodium, 
chloride  and  potassium  in  a  normal  male  dog 


24  HOCB  PEBIOD 

URINE 
VOLUME 

SODIUM 

CHLORIDE 

POTASSIUM 

TREATMENT 

Control  

CC. 

500 
525 
715 

m.eg. 
60.0 
41.4 
71.6 

m.eq. 

58.8 
49.1 
66.8 

m.eg. 
16.8 
21.4 
16.9 

1  mg.  of  desoxycorticos- 
terone  acetate 

Treated   

Control  

earliest  signs  of  excessive  hormone  administration  is  tlie  appearance  of 
generalized  pitting  edema. 

In  prolonged  adrenal  insufficiency  as  a  consequence  of  excessive  excretion 
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of  sodium  and  chlorides  and  retention  of  potassium  and  nitrogen  (7,  8,  9, 
10)  characteristic  changes  in  blood  chemistry'  are  observed,  i.e.,  a  lowered 
concentration  of  sodium  and  chloride  in  serum  and  an  increase  in  the  con- 
centration of  potassium  and  non-protein  nitrogen.  Treatment  with 
desoxycorticosterone  corrects  these  changes.  However,  an  interesting 
phenomenon  is  not  infrequently  observed  in  relation  to  the  changes  in 
serum  concentration  of  sodium  and  chloride  during  the  early  period  of 
hormone  therapy.  Due  to  the  marked  expansion  of  plasma  and  extra- 
cellular fluid  volume  which  occurs  at  this  time,  the  serum  concentration  of 
sodium  and  chloride  may  fail  to  rise  (chart  4)  and,  in  unusual  instances, 


 CRE_AT|^J|^J£ 


CHLORIDE 


SODIUM 


CLEARa^MCE 


SODIUM 

CONTROL 


TREATED    Percorten  20mg. 


Chart  2.  The  effect  of  desoxycorticosterone  acetate  therapy  on  sodium  and 
chloride  clearance — normal  dog. 

may  actually  fall  slightly  during  this  period.  These  changes  are  particu- 
larly likel}^  to  occur  in  the  presence  of  a  limited  sodium  and  chloride  intake. 
Thus  despite  the  presence  of  a  positive  sodium  and  chloride  balance  at  this 
time  one  may  observe  temporarily  a  failure  of  sodium  and  chloride  con- 
centration to  be  restored  to  normal.  If  plasma  volume  measurements 
are  made  during  this  period  it  may  be  readily  demonstrated  that  the 
total  plasma  content  of  sodium  however,  has  been  increased  appreciably 
(chart  4) . 

Under  certain  circumstances  it  appears  that  as  experimental  animals  and 
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patients  slowlj-  develop  insufficiency  and  slowly  lose  sodium  and  chloride, 
a  comparable  decrease  in  plasma  volume  and  extra-cellular  fluid  volume 
may  occur.  This  decrease  in  plasma  volume  assists  greatly  in  maintaining 
a  relatively  normal  serum  concentration  of  sodium  and  chloride.  Under 
these  conditions  there  is  a  lack  of  correlation  between  the  normal  serum 
concentration  of  sodium  and  chloride  and  the  evident  clinical  signs  and 
symptoms  of  insufficiency.  When  desoxycorticosterone  is  administered  to 
an  animal  or  patient  in  this  situation,  one  may  obser\'e  first  a  temporary 
decrease  in  the  serum  concentration  of  sodium  and  chloride,  particularly 


3900 


PL  ASMA 
VOLUME 
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Ch.\rt  3.  The  effect  of  dcsoxycoitieostcroiio  acctato  therapy  (intramuscular 
injections)  on  phisma  volume  (.\cUlison's  disease),  (.\fter  Thorn  and  Firor,  1940 
by  courtesy  of  the  Journal  of  the  American  Medical  Association.) 

if  the  diet  contains  relatively  little  sodium  chloride.  Under  these  circum- 
stances it  appears  that  the  striking  increase  in  extra-cellular  fluid  volume 
has  exceeded  the  ability  of  the  body  to  maintain  a  normal  concentration  of 
sodium  and  chloride.  Balance  experiments  in  patient  D.  B.  (37)  indicated 
that  the  expansion  in  extra-cellular  fluid  volume  which  occiu-red  in  this 
patient  greatly  exceeded  the  vohmie  of  water  which  liad  been  made  avail- 
able as  the  result  of  a  positi\e  water  balance.  It  thus  appeared  probable 
that  water  had  been  liberated  fiom  cells  to  permit  expansion  of  the  extra- 
cellular fluid  volume.  The  greatly  increased  excretion  of  potassium  which 
was  noted  during  this  period  and  which  could  not  be  accounted  for  hy  a 
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reduction  in  potassium  concentration  in  serum  and,  presumably,  extra- 
cellular fluid  compartment,  substantiated  the  possibility  of  this  fluid  shift 
from  cells  to  extra-cellular  compartment.  From  these  studies  in  which 
expansion  of  extra-cellular  and  plasma  fluid  volume  exceeded  temporarily 
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Chart  4.  The  effect  of  desoxyeorticosterone  acetate  treatment  on  the  concentra- 
tion and  total  quantity  of  plasma  sodium,  chloride,  and  potassium.  (After  Thorn, 
Howard  and  Emerson,  1939,  by  the  courtesy  of  the  Journal  of  Clinical  Investigation.) 


at  least  the  retention  of  sodium  and  chloride;  and  from  the  fact  that  the 
great  increase  in  volume  of  extra-cellular  fluid  could  be  accounted  for  onh^ 
in  part  by  a  reduction  in  iirine  volume,  it  would  appear  that  desoxy- 
eorticosterone directly  or  indirectly,  exerts  an  effect  on  cells  other  than 
those  of  the  renal  epithelium. 
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At  least  four  factors  may  contribute  to  the  hypotension  which  is  ol)- 
served  in  adrenal  insufficiency,  i.e.,  marked  reduction  in  plasma  volume, 
impaired  heart  action,  anemia  and  alterations  in  the  peripheral  vascular 
response.  Although  desoxycorticosterone  administration  is  followed  by  a 
rapid  rise  in  blood  pressure  from  shock  levels,  complete  restoration  to 
normal  le\els  may  require  weeks  of  continued  therapy.  No  doubt  the 
rapid  increase  in  plasma  volume  contributes  to  the  earlj-  rise  in  blood  pres- 
sure which  is  associated  with  hormone  therapy,  and,  it  is  possible,  that 
further  expansion  of  the  vascular  bed  during  succeeding  da3's  of  therapy 
and  an  increased  circulatory  rate  may  account  for  the  lack  of  correlation 
between  the  rapid  restoration  of  plasma  volume  and  the  much  slower 
response  of  blood  pressure.  That  factors  other  than  plasma  volume  are 
concerned  with  the  effect  of  desoxj'corticosterone  treatment  on  blood  pres- 
sure is  suggested  by  the  rapiditj'  with  which  moderate  degrees  of  hyper- 
tension are  attained  in  some  patients  with  approximate!}'  normal  plasma 
volumes  whereas  the  blood  pressure  of  other  patients  with  normal  plasma 
volumes  fails  to  exceed  normal  levels  despite  long  continued  therapy 
(38,  39). 

It  has  been  demonstrated  repeatedly,  that  treatment  with  desoxy- 
corticosterone will  maintain  the  life  of  bilaterally  adrenalectomized  animals 
and  patients  with  Addison's  disease  without  regard  to  the  mineral  com- 
position of  the  diet  (16,  35,  38,  40),  although  it  is  evident  that  desoxy- 
corticosterone does  not  contain  all  of  the  factors  which  are  attributed  to 
the  adrenal  cortex  (41).  Experiments  clearly  indicate  that  desoxycortico- 
sterone does  not  possess  the  "carbohydrate-regulating"  property  (chart 
5)  which  is  possessed  by  certain  aqueous  adrenal  cortical  extracts  and 
crystalline  adrenal  cortical  compounds  which  contain  an  oxygen  atom  on 
Cii,  i.e.,  corticosterone,  dehydrocorticosterone  and  17-hydroxycortico- 
sterone.  Patients  with  Addison's  disease  under  treatment  with  desoxy- 
corticosterone acetate  do  not  develop  hypoglycemia  as  long  as  they  ingest 
and  absorb  adequate  quantities  of  readily  available  carbohydrate  at  rela- 
tiveh'  frequent  intervals.  However,  when  outside  sources  of  carbohydrate 
are  not  available,  such  animals  or  patients  may  readily  develop  hypo- 
glycemic symptoms  (42).  It  has  been  demonstrated  that  desoxj^corti- 
costerone  acetate  is  ineffective  in  the  restoration  of  carbohydrate  reserves 
from  non-glucose  sources  (43). 

One  group  of  observations  concerning  the  relationship  of  desoxycorti- 
costerone to  carbohydrate  metabolism  needs  amplification.  It  has  been 
noted  (42)  that  the  blood  glucose  levels  following  the  oral  administration  of 
glucose  frequently  rose  higher  in  patients  who  had  received  long-continued 
desoxycorticosterone  acetate  therapy,  than  in  control  tests  made  prior  to 
therapy  (chart  6).  The  blood  glucose  curve  following  intravenously  ad- 
ministered glucose  did  not  change  significantly  during  the  period  of  therap)-. 
Since  in  all  instances  these  changes  were  observed  in  patients  who  had  made 
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Chart  5.  Caloric  changes  following  intravenous  glucose  (Addison's  disease,  E. 
L.).  (After  Thorn,  Koepf,  Lewis  and  Olsen,  19^,  by  courtesy  of  the  Journal  of 
Clinical  Investigation.) 
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Chart  6.  The  effect  of  long  continued  desoxycorticosterone  acetate  therapy  on 
the  gastrointestinal  absorption  of  glucose  in  patients  with  Addison's  disease. 

striking  clinical  improvement,  it  was  assumed  that  the  improvement  in 
glucose  absorption  which  had  occurred  during  desoxycorticosterone  acetate 
therapy  was  related  to  the  improved  state  of  circulation  and  the  generally 
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improvod  clinical  condition  of  the  patient  rather  than  to  a  specific  effect  of 
the  hormone  on  the  intestinal  absorption  of  glucose.  It  is  of  course  possible 
that  the  latter  consideration  may  be  true,  although  to  date  no  convincing 
evidence  on  this  point  has  been  presented. 

In  studies  in  which  the  work  performance  of  adrenalectoniized  animals 
was  measured,  Ingle  (44)  noted  that  although  de.'^oxycorticosterone  acetate 
treatment  was  followed  by  a  striking  increase  in  total  work  performance, 
treatment  with  this  compound  did  not  restore  the  level  of  performance  of 
adrenalectomized  animals  to  that  of  normal  controls.  Adrenal  cortical 
compounds  with  an  oxygen  atom  on  Cn  were  in  general  much  more  potent 
in  this  respect. 

Although  desoxycorticosterone  acetate  administration  will  induce 
atrophy  of  the  adrenal  cortex  in  normal  animals  this  compound  is  much  less 
potent  in  this  respect  than  adrenal  cortical  extract  and  certain  other 
adrenal  cortical  steroids  (45).  Kuhlman  (46)  administered  a  daih^  dose  of 
25  mg.  of  desoxycorticosterone  acetate  to  normal  dogs  for  prolonged 
periods,  and  observed  no  symptoms  of  adrenal  insufficiencj'  upon  with- 
drawing hormone  therapy.  It  has  also  been  observed  that  desoxycor- 
ticosterone acetate  therapy  is  less  efficacious  than  adrenal  extract  and 
other  adrenal  cortical  steroids  in  causing  thymus  involution  in  adrenalec- 
tomized animals  (45). 

It  thus  appears  that  although  desoxycorticosterone  lacks  certain  knowTi 
attributes  of  the  adrenal  cortex,  its  potency  in  maintaining  the  life  of  adre- 
nalectomized animals  and  patients  with  Addison's  disease  may  be  ex- 
plained on  the  basis  of  its  ability  to  restore  electrolyte  balance,  hydration 
and  blood  pressure.  The  correction  of  these  abnormalities  appears  to 
be  sufficient,  in  most  instances,  for  the  maintenance  of  a  relatively  good 
state  of  health  in  the  absence  of  unusual  conditions  of  stress  or  infection. 

METHODS  OF  ADMINISTERING  DESOXYCORTICOSTERONE  ACETONE 

At  present  three  methods  of  administering  desoxycorticosterone  acetate 
are  known  to  be  feasible  i.e.  intramuscular  injection  of  hormone  in  oil 
(35,  38,  39,  40),  subcutaneous  implantation  of  pellets  of  crystalline 
hormone  (39)  and  the  sublingual  administration  of  a  solution  of  desoxy- 
corticosterone acetate  in  propylene  glycol  (47,  48).  Some  experimental 
evidence  exists  (48,  49)  indicating  that  the  hormone  is  absorbed  when 
administered  as  an  inunction.  However,  this  latter  technique  has  not  as 
yet  been  standardized  sufficiently  to  justify  its  use  in  the  treatment  of 
patients  with  severe  adrenal  cortical  deficiency.  Hormone  administered 
orally  and  in  rectal  suppositories  has  also  been  attempted  (48).  These 
latter  methods  are  relatively  ineffective  and  the  cost  of  hormone  therapy 
administered  by  either  of  these  methods  would  be  prohibitive  at  the 
present  time  for  most  patients. 

In  considering  the  three  methods  of  administration  which  are  feasible, 
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certain  facts  are  evident.  The  ratio  of  hormone  required  by  the  three 
methods  is  as  follows:  pellets  1.0  mg. ;  intramuscular  injection  1.3  mg. ; 
sublingual  5.0  mg.  Pellet  implantation  is  the  most  eflBcient  method  of 
therapy  and,  of  course,  obviates  the  necessity  for  daily  injections  of  hor- 
mone. This  method  requires  surgical  implantation  once  in  12  to  15 
months  which  must  be  preceded  by  a  very  carefully  conducted  assay 
period  (hormone  in  oil)  to  determine  exactly  the  number  of  pellets  which 
are  required. 

The  method  of  intramuscular  injection  presents  the  difficulties  which  are 
encountered  when  subcutaneous  or  intramuscular  administration  is  re- 
quired over  a  period  of  years.  However,  one  injection  per  day  suffices 
and  the  dose  of  hormone  can  be  easily  regulated.  Occasionally,  local 
reactions  to  the  oil  in  which  the  hormone  is  dissolved  necessitates  a  change 
in  the  method  of  administration. 

Sublingual  administration  of  hormone  obviates  the  necessity  for  injec- 
tions or  implantations.    However,  it  appears  that  in  order  to  be  most 


TABLE  3 

Relative  cost  of  desoxycorticosterone  acetate  therapy  for  a  patient  requiring  3  mg.  of 

Percorten  daily 


TTPE  OF  THERAPY 

HORMONE  REQUIREMENT 
PER  DAY 

APPROXIMATE  COST 
PER  YEAR 

mg. 

Pellets  

2.3 

S120 

Percorten  

3.0 

$160 

Sublingual  

11.5 

$600 

effective  the  hormone  must  be  administered  in  small  doses,  4-6  times 
daily.  In  addition,  the  increase  in  hormone  requirement  which  is  neces- 
sarj^  when  this  method  of  administration  is  employed  greatly  increases  the 
cost  of  treatment  (Table  3).  It  seems  apparent  at  the  present  time  that 
any  method  of  administration  which  ensures  an  adequate  and  relatively 
constant  level  of  hormone  in  the  body  tissues  will  prove  successful.  The 
severity  of  the  disease,  the  patient's  financial  status,  his  wdllingness  to 
take  a  daily  hypodermic  injection  or  his  ability  to  cooperate  by  taking 
hormone  sublingually  several  times  daUy  will  be  determining  factors  in 
the  method  of  administration  which  is  finally  selected. 

The  advisability  of  implanting  pellets  of  crystalline  desoxycorticosterone 
acetate  may  be  considered  after  a  patient  has  been  maintained  in  good 
condition  for  a  period  of  -4  to  8  weeks  with  dail}^  injections  of  hormone  in 
oil  (Percorten).  The  number  of  pellets  which  is  required  is  calculated 
directly  from  the  minunvun  quantity  of  Percorten  which  wiU  maintain 
the  patient  m  good  condition.  For  each  0.5  mg.  of  Percorten,  one  pellet 
of  125  mg.  is  implanted.    The  daily  maintenance  dose  of  Percorten  is 
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administered  in  conjunction  with  a  constant  quantity  of  sodium  chloride 
tablets,  3  to  5  gm.  (enteric  coated)  administered  with  food.  The  added 
sodium  chloride  medication  during  the  assay  period  and  following  pellet 
implantation  provides  a  convenient  means  of  balancing  any  excess  of 
hormone  from  pellets  by  merely  reducing  or  discontinuing  the  5  gm.  of 
sodium  chloride  medication.  If  the  assay  is  carried  out  carefully  over  a 
period  of  4-8  weeks  it  is  rarely  necessary  to  remove  pellets  because  of 
symptoms  of  overdosage.  In  the  event  that  signs  of  overdosage  do  be- 
come manifest  following  pellet  implantation  it  is  usually  possible  to  correct 
the  situation  by : 

1)  Withdrawing  the  added  sodium  chloride  medication; 

2)  Providing  a  diet  of  low  sodium  chloride  content ; 

3)  Administering  potassium  citrate  solution  (10  per  cent  solution  in 

fruit  juices). 

A  single  implantation  of  pellets,  weighing  125  mg.  each,  provides  effective 
therapy  in  most  patients  for  a  period  of  12-15  months.  Toward  the  end 
of  this  period  it  is  advisable  to  resume  sodium  chloride  medication,  fol- 
lowed later  by  Percorten  injections  as  indicated  by  changes  in  body 
weight,  strength  and  blood  pressure.  When  the  new  level  of  Percorten 
administration  has  been  carefully  determined,  a  second  implantation  of 
pellets  may  be  performed. 

EFFECTS  OP  THERAPY 

A.  Changes  in  body  weight.  A  change  in  body  weight  constitutes  one 
of  the  most  sensitive  indications  of  a  change  in  the  clinical  state  of  a 
patient  with  Addison's  disease.  Improvement  in  clinical  condition  is 
accompanied  regularly  by  weight  gain  and  a  relapse  is  associated  almost 
invariably  with  weight  loss  (35).  A  significant  increase  in  body  weight 
is  observed  in  most  patients  within  48  hours  after  desoxycorticosterone 
acetate  therapy  is  instituted.  Failure  to  gain  weight  indicates  insuffi- 
cient therapy;  whereas,  rapid  weight  gain  suggests  excessive  therapy. 
Withdrawal  of  treatment  results  in  a  prompt  and  progressive  decrease  in 
weight  which  is  usually  followed  bj^  decreased  muscular  efficiency,  loss  of 
appetite  and  the  onset  of  symptoms  of  adrenal  insufficiency.  Sudden 
changes  in  weight  in  these  patients  appear  to  be  directly  related  to  altera- 
tions in  mineral  and  water  balance.  More  gradual  weight  increments 
may  be  observed  during  long  continued  therapy  and  reflect  the  effect  of 
the  general  improvement  in  appetite  and  sense  of  well  being. 

B.  Changes  in  blood  pressure.  A  marked  increase  in  blood  pressure  is 
observed  in  nearly  all  patients  with  Addison's  disease  who  are  treated 
with  desoxycorticosterone  acetate  (39).  Particularly  noteworthj'  is  the 
appreciable  rise  in  diastolic  pressure.  It  is  of  interest  to  note  that  in  most 
cases  there  occurs  first  a  considerable  increa.se  in  plasma  volume  unaccom- 
panied by  any  significant  rise  in  blood  pressure  unless  the  patient  is  in  a 
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crisis.  Later,  in  two  to  eight  weeks,  a  rise  in  blood  pressure  is  noted. 
In  most  patients,  a  moderate  rise  in  blood  pressure  is  associated  with 
evidence  of  marked  clinical  improvement.  In  some  instances,  however, 
hypertensive  levels  may  be  attained  without  complete  restoration  of  pa- 
tients to  normal  activity  (38,  39,  40). 

C.  Changes  in  cardiac  diameter.  It  is  well  known  that  the  heart  is 
small  in  patients  with  Addison's  disease  (50).    The  changes  in  cardiac 

TABLE  4 


Changes  in  cardiac  diameter — 4^  patients 


BEABT  :  CHEST  BATIO 

per  cent 

Prior  to  treatment  

38.6 

Maximum  measurement  during  treatment  

42.2 

Present  status  

41.3 

PATIENT  MS 


SERUM  SODIUM  "0 
m  eq 

40 

HEMATOCRIT 
vol  %  cells 

systolic  ' 

BLOOD 

PRESSURE  !: 
mm  Hg  diastolic 


BODY  WEIGHT 
Kg. 


10  days- 


,4^ 


Chart  7.  Changes  in  cardiac  diameter  as  a  result  of  desoxycorticosterone  acetate 
therapy2(Addison's  disease). 


diameter  which  may  occur  during  synthetic  hormone  therapj^  have  been 
reported  by  Ferrebee  and  his  associates  (38)  and  by  McGavack  (51). 
It  should  be  noted  that  excessive  cardiac  enlargement  rarely  occurs  unless 
excessive  doses  of  hormone  and  sodium  chloride  are  administered  or  unless 
organic  heart  disease  complicates  Addison's  disease.  Thus,  in  46  patients 
treated  in  the  Johns  Hopkins  Hospital  during  the  past  two  years  the 
heart: chest  ratio  increased  only  slightly  during  a  period  of  prolonged 
therapy  (Table  4).    However,  in  two  patients  signs  and  sj-mptoms  of 
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earlj'  congestive  heart  failure  were  noted  during  the  course  of  therapy. 
In  both  of  these  patients  there  was  evidence  of  pre-existing  organic  heart 
disease.  Adrenal  insufficiency  may  so  reduce  the  cardiac  load  that  de- 
tection of  organic  heart  disease  maj'  be  extremelj'  difficult  in  the  untreated 
state.  Cardiac  measurement  should  bo  followed  very  carefully  in  all 
patients  receiving  desoxj'corticosterone  acetate  therapy  (chart  7).  Ex- 
cessive cardiac  enlargement  and/or  an  increase  in  venous  pressure  are 
urgent  indications  for  an  immediate  reduction  in  the  dose  of  hormone  and 
for  keeping  the  patient  at  total  bed  rest. 

TABLE  5 

Summary  of  desoxycorticosterone  acetate  therapy  (pellets)  in  Addison's  disease 


Number  of  patients   113 

Number  of  pellets  per  patient   7  (mean) 

Total  quantitj'  of  hormone  per  patient   880  mg.  (mean) 

Duration  of  desoxycorticosterone  acetate  treatment   17  months  (mean) 

Mortality  rate   12.8% 

Mortality  rate  per  year  of  therapy   9.2% 


TABLE  6 

Causes  of  death  in  7  patients  with  Addison's  disease  treated  with  implantation  of  pellets 

(Johns  Hopkins  Hospital) 

2 — Streptococcus  pharyngitis  and  pneumonia 
1 — Renal  tuberculosis 
1 — Pericarditis 

1 — Coronarj'  thrombosis  ?  (age  70) 

1 — Hypoglycemia 

1 — Anaphylactic  reaction 


stjmmary  of  desoxycorticosterone  acetate  pellet  therapy  in 

Addison's  disease 

During  the  past  two  years,  54  patients  with  Addison's  disease  have  been 
treated  with  desoxycorticosterone  acetate  in  the  Johns  Hopkins  Hospital. 
Of  this  number,  50  received  pellet  implantations.  In  addition,  with  the 
cooperation  of  physicians  elsewhere,  pellets  have  been  supplied  to  63  other 
patients,  making  a  total  of  113  patients  who  have  been  treated  by  means 
of  pellet  implants  (Table  5).  The  average  duration  of  therapy  for  the 
50  patients  in  the  Johns  Hopkins  Hospital  who  have  received  pellet  im- 
plantations now  exceeds  2  years.  During  this  period  7  patients  (14  per 
cent)  have  died  (Table  6).  The  mortality  rate  per  year  of  therapy  has 
thus  been  7  per  cent.  At  the  present  time  the  condition  of  the  43  remain- 
ing patients  may  be  classified  as  follows:  very  good — 7;  good — 20;  fair — 
12  and  poor — 4.  Of  the  group  of  50,  27  were  males;  of  the  23  male  pa- 
tients who  now  survive,  14  or  approximately  60  per  cent  are  regiUarly 
employed. 
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COMPLICATIONS  WHICH  MAY    ARISE  DURING  DESOXYCORTICOSTERONE 

ACETATE  THERAPY 

In  two  patients,  intramuscular  injections  of  desoxycorticosterone 
acetate  in  sesame  oil  (Percorten)  were  accompanied  by  localized  redness, 
pain  and  tenderness  at  the  site  of  the  injection,  as  well  as  fever  and  malaise. 
It  was  subsequently  demonstrated  that  these  reactions  were  due  to  the 
injection  of  oil  and  not  to  synthetic  hormone.  Both  patients  did  well 
when  pellets  of  synthetic  hormone  were  implanted. 

On  two  occasions  in  over  200  pellet  implantations,  pellets  have  been 
extruded  subsequently  from  the  site  of  the  incision.  Such  a  complication 
may  be  avoided  by  placing  the  pellets  a  distance  of  at  least  2.5  cm.  from 
the  margin  of  the  incision. 

TABLE  7 

Signs  and  symptoms  associated  with  excessive  retention  of  sodium 

1.  Edema,  headache 

2.  Hypertension 

3.  Cardiac  enlargement 

4.  Neuromuscular  pain 

5.  Muscular  weakness 

6.  Paralysis 


TABLE  8 
Serum  potassium :  sodium  ratio 


TBEATMENT 

SEBUM  K 

SEBUM  Na 

K:Na 

m.eg./l. 

m.eq.fl. 

Untreated  

8.0 

120 

1:15 

Adequate  

4.6 

140 

1:30 

Excessive  

3.2 

145 

1:45 

Most  of  the  complications  which  arise  during  the  course  of  desoxycor- 
ticosterone acetate  appear  to  be  due  to  excessive  doses  of  hormone  and 
sodium  chloride  which  result  in  the  retention  of  excessive  quantities  of 
sodium  and  chloride  (Table  7)  and  in  a  profoimd  disturbance  in  the 
Na/K  ratio  (Table  8). 

Edema,  associated  with  headache,  is  the  most  common  accompaniment 
of  excessive  therapy.  This  complication  is  most  likely  to  occur  during 
the  early  weeks  of  treatment  when  an  attempt  is  being  made  to  determine 
the  patient's  optimum  maintenance  dose  of  hormone.  The  edema  sub- 
sides rapidly  following  reduction  in  the  dose  of  hormone  and/or  a  reduc- 
tion in  sodium  chloride  intake. 

Hypertension  m&y  be  observed  after  treatment  has  been  continued 
for  some  time.  In  patients  with  Addison's  disease  in  whom  some  degree 
of  hypertension  existed  prior  to  the  onset  of  adrenal  insufficiency  there  is 
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a  great  predilection  for  the  blood  pressure  to  return  to  a  high  level  with 
minimum  doses  of  hormone.  The  elevation  in  blood  pressure  can  be 
controlled  in  practicallj^  all  cases  by  reducing  the  dose  of  hormone  and 
by  restricting  sodium  chloride  intake. 

Occasionallj'  after  a  continued  period  of  hormone  therapy  during  which 
there  has  been  a  considerable  increase  in  plasma  volume,  body  weight, 
blood  pressure  and  phj'sical  activity,  dyspnoea,  associated  with  signs 
of  pulmonarj'  edema,  may  become  manifest.  This  complication  is  most 
likely  to  occur  in  older  patients  or  in  patients  in  whom  there  has  been 
some  evidence  of  pre-existing  myocardial  damage  or  vascular  disease. 
This  complication  may  be  avoided  if  care  is  exercised  in  regulating  the 
dose  of  hormone  and  in  restricting  phj'sical  activitj'  during  the  period 
in  which  blood  volume,  blood  pressure  and  body  weight  are  increasing. 
Treatment  consists  in  absolute  bed  rest,  digitalization,  immediate  with- 
drawal of  all  sodium  chloiide  therapy,  restriction  of  sodium  chloride  in 
the  diet  and  a  reduction  in  the  dose  of  hormone.  Subsequent  rehabilita- 
tion should  proceed  very  slowly. 

The  continued  administration  of  excessive  quantities  of  desoxycorticos- 
terone  acetate  and  added  sodium  chloride  may  result  in  an  abnormal 
lowering  of  the  serum  concentration  of  potassium.  This  is  particularly 
likelj'  to  occur  if  large  quantities  of  de.xtrose  solution  are  being  given 
simultaneously.  On  two  occasions  an  abnormal  lowering  of  the  sei"um 
concentration  of  potassium  in  one  of  our  patients  was  associated  with 
muscular  weakness  and  transient  paralysis  involving  the  extensor  muscles 
of  the  neck,  hands  and  feet.  This  patient  had  been  given  large  quantities 
of  the  synthetic  compound  (25  mg.  dailjO  in  addition  to  intravenous 
sodium  chloride  and  dextrose  solutions  in  preparation  for  a  nephrectomy. 
The  abrupt  onset  and  transient  nature  of  the  paralysis  as  well  as  the 
complete  recovery  suggest  an  analogy  between  these  episodes  and  those 
noted  in  patients  with  familial  periodic  paralysis  in  which  the  serum 
potassium  level  has  also  been  observed  to  be  low  during  an  attack.  Re- 
cent examination  of  this  patient  revealed  no  evidence  of  muscular  weak- 
ness. Kuhlman  (46)  and  associates  have  observed  weakness  and  paralysis 
in  normal  dogs  treated  for  a  long  period  with  a  large  dose  of  desoxycor- 
ticosterone  acetate  (25  mg.  daily). 

Of  much  more  common  occurrence,  however,  are  the  vague  neuro- 
muscular pains,  noted  in  patients  who  have  received  excessive  hormone 
and  sodium  chloride.  Frequently  these  pains  are  referred  to  the  joints, 
and  not  infrequently  a  considerable  degree  of  contraction  of  the  tendons 
of  the  thighs  may  be  observed.  It  is  possible  that  the  pain  and  dis- 
turbance in  function  may  be  related  to  a  high  tissue  content  of  sodium, 
since  Turner  and  Buell  (52)  recently  have  observed  extremely  high  sodium 
values  in  tissues  of  both  normal  and  adrenalectomized  animals  which  have 
been  treated  with  a  moderate  excess  of  desoxycorticosterone  acetate.  In 
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clinical  therapy  these  untoward  effects  may  be  obviated  by  careful  regu- 
lation of  the  dose  of  hormone  and  by  arranging  a  diet  which  is  relatively 
high  in  foods  rich  in  potassiimi,  i.e.,  meat,  bananas,  prunes.  If  necessary 
20  to  40  cc.  of  a  10  per  cent  solution  of  potassium  citrate  may  be  admin- 
istered. 

Hypoglycemia  is  one  of  the  most  important  complications  which  may 
arise  in  patients  treated  with  desoxycorticosterone.  Large  doses  of 
adrenal  cortical  extract  Avill  correct  this  abnormality  in  carbohydrate 
metabolism  (53),  but  this  form  of  therapy  over  any  extended  period  is 
not  feasible  for  most  patients.  Considerable  benefit  may  be  derived 
from  a  diet  relatively  high  in  carbohydrate  content,  and  by  insisting  upon 
frequent  feedings.  The  late  night  feeding,  in  particular,  should  contain  a 
mixture  of  carbohydrate,  fat  and  protein.  During  the  course  of  infec- 
tions or  under  conditions  of  stress  and  strain,  hj'poglycemia  should  be  com- 
bated vigorously  (54).  Until  a  compound  which  possesses  "carbohydrate- 
regulating"  potency  is  synthesized,  there  is  little  hope  of  satisfactorily 
correcting  the  predisposition  to  develop  hypoglycemia  which  a  large  pro- 
portion of  patients  exhibit. 

The  close  chemical  relationship  which  exists  between  desoxycorticos- 
terone and  progesterone  suggests  that  desoxj^corticosterone  acetate  treat- 
ment might  possiblj^  result  in  progestational  changes  in  female  patients 
with  Addison's  disease.  To  date,  however,  no  abnormality  in  the  men- 
strual cycle  has  been  observed  as  the  result  of  treatment  with  the  synthetic 
adrenal  cortical  hormone.  In  several  patients  increased  turgor  of  the 
breasts  has  been  noted  after  continued  treatment.  It  appears  probable 
that  this  change  may  be  accounted  for  in  part  at  least  by  the  increased 
accumulation  of  extracellular  fluid. 

EFFECTIVENESS  OF  DESOXYCORTICOSTERONE  ACETATE  THERAPY  IN 
SUPPORTING  PATIENTS  WITH  ADDISON 's  DISEASE  DURING  THE  COURSE 
OF  INTERCURRENT  INFECTIONS  AND  DURING  MAJOR  OPERATIVE  PRO- 
CEDURES 

Several  of  the  patients  reported  in  this  series  have  recovered  promptly 
from  acute  upper  respiratory  tract  infections  as  well  as  from  infections  of 
the  urinary  tract.  One  patient  recovered  from  lobar  pneumonia  (pneu- 
mococcus).  Hick  (55)  also  reports  the  "rapid  recovery  from  type  XIII 
lobar  pneumonia  treated  with  rabbit  serum  of  a  patient  with  Addison's 
disease  under  treatment  with  desoxycorticosterone  acetate."  In  the  treat- 
ment of  streptococcus  infections  to  which  patients  \vith  Addison's  disease 
appear  to  be  very  susceptible,  the  administration  of  sulfadiazine  in  con- 
junction with  combined  desoxycorticosterone  acetate  and  extract  therapy 
has  proved  to  be  very  effective  (56).  Previously  infections  of  this  severity 
invariably  precipitated  an  adrenal  crisis  and  if  not  fatal,  were  followed  by 
a  very  prolonged  period  of  convalescence. 
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liy  carefully  preparing  patients  beforehand  it  ha.-<  also  been  possible 
to  perform  successfully  four  rather  serious  operative  procedures,  viz.: 
nephrectomy,  appendectomy,  tonsillectomy  and  epididymectomj'.  The 
remarkably  good  condition  of  th(>  patients  during  the  operations  and  the 
noiTnal  period  of  convalescence  were  noteworthy  (39). 

THE   USE   OF   DESOXYCORTICOSTERONE   ACETATE    IN   THE  TREATMENT  OF 
CONDITIONS  OTHER  THAN  ADDISON's  DISEASE  OR  CHRONIC 
ADRENAL  INSUFFICIENCY 

Shock.  A  number  of  experiments  have  been  conducted  by  several 
investigators  in  an  effort  to  determine  whether  or  not  desoxycorticosterone 
acetate  treatment  is  of  benefit  either  in  the  prevention  or  treatment  of 
shock.  Fine,  et  al.  (57)  noted  that  treatment  with  the  synthetic  hormone 
greatly  reduced  the  loss  in  plasma  volume  which  follows  intestinal  ob- 
struction. Perla  (58)  has  described  the  effectiveness  of  desoxycorticos- 
terone acetate  in  the  prevention  and  treatment  of  histamine  shock  in 
rats  and  mice  and  has  suggested  a  plan  for  treating  patients  preoperatively 
in  an  attempt  to  reduce  the  incidence  of  surgical  shock.  Wilson  and 
Stewart  (59)  state  that  the  blood  changes  which  occur  after  burning  in- 
juries are  similar  to  those  of  adrenal  insufficiency,  i.e.  a  reduction  in  serum 
sodium  and  chloride,  and  a  lise  in  serum  potassium  and  blood  non-protein 
nitrogen.  Desoxycorticosterone  acetate  therapy  rapidh*  restored  the 
sodium  and  chloride  levels  to  normal  and  corrected  the  dehj'dration  and 
abnormal  blood  level  of  non-protein  nitrogen  and  serum  potassium. 
These  investigators  suggest  that  the  circulatoiy  failure  of  secondary  shock 
in  burns  is  not  due  primarily  to  a  low  level  of  serum  sodium  or  to  any  other 
blood  changes  and  hence  desoxycorticosterone  is  much  less  effective  in 
improving  circulatory  efficiency  during  secondary  shock. 

Swingle  and  his  collaborators  (60)  have  investigated  the  efifect  of  priming 
doses  of  desoxycorticosterone  acetate  in  pre\'enting  circulatory  faihue 
and  shock  which  was  induced  in  dogs  by : 

(a)  intraperitoneal  injections  of  glucose. 

(b)  injections  of  epinephrin. 

(c)  muscle  trauma. 

(d)  intestinal  stripping. 

It  appeared  that  desoxycorticosteione  acetate  treatment  successfully 
protected  adrenalectomized  dogs  against  circulatoiy  collapse  and  shock 
following  the  intraperitoneal  injection  of  isotonic  glucose  solution,  fol- 
lowing the  injection  of  laige  amounts  of  epinephrin,  and  following  trauma 
to  muscle  masses.  Desoxycorticosterone  acetate  therapy  did  not  pro- 
tect these  animals  against  the  shock  which  followed  intestinal  stripping. 
The  inefTectiveness  of  desoxycorticosterone  acetate  therapy  in  preventing 
shock  after  intestinal  manipulation  was  also  noted  by  Selye  and  his  co- 
workei-s  (61)  in  intact  rats,  and  by  Weil  and  his  a.ssociates  (62)  in  normal 
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rabbits.  All  three  investigators  obser%-ed  that  treatment  with  whole  ad- 
renal cortical  extract  or  corticosterone  did  protect  animals  subjected  to 
this  stress. 

Ragan,  Ferrebee  and  Fish  (63)  have  reported  that  the  administration 
of  desoxycorticosterone  acetate  three  to  four  hours  prior  to  operation 
prevented  a  decrease  in  plasma  volume  in  a  group  of  patients  on  whom 
urologic  operations  were  performed  with  ether  anesthesia  whereas  in 
control  patients  a  decrease  of  3  to  8  per  cent  in  plasma  volume  was  noted. 

Orthostatic  hypotension.  Because  of  its  blood  pressure-raising  potenti- 
ality, desoxycorticosterone  acetate  was  tried  as  an  adjunct  in  the  treat- 
ment of  a  patient  with  syncopal  attacks  initiated  hy  orthostatic  hypo- 
tension. In  this  patient,  continued  treatment  with  the  synthetic  hormone 
resulted  in  an  appreciable  rise  in  both  systolic  and  diastolic  blood  pressure 
levels  and  in  a  definite  amelioration  of  the  syncopal  attacks,  although  a 
pronounced  drop  in  blood  pressure  still  occurred  on  assuming  the  upright 
position.  It  appeared  that  the  levels  of  blood  pressure  had  been  elevated 
to  a  point  which  was  now  adequate  to  prevent  sjTicope  although  the  fimda- 
mental  abnormality  pei-sisted.  Engel  (64)  has  also  observed  the  same 
phenomenon  following  desoxycorticosterone  acetate  therapy  in  a  patient 
with,  orthostatic  hj-potension. 

Dehydration.  Desoxycorticosterone  acetate  therapj-  may  prove  to  be 
extremely  useful  in  maintaining  optimum  hj-dration  during  the  course  of 
diseases  which  normalh'  are  associated  with  a  considerable  degree  of 
dehydration.  It  is  apparent,  however,  that  little  may  be  expected  from 
hormone  therapy  unless  renal  tubular  epithelium  is  intact. 

CONCLUSIONS 

The  synthesis  of  desoxj^corticosterone  acetate  marks  a  great  advance  in 
our  knowledge  and  understanding  of  the  function  of  the  adrenal  cortex. 
To  date,  however,  little  is  knowTi  concerning  the  intermediate  metabolism 
of  this  compound  although  a  number  of  its  physiological  properties  have 
been  investigated.  It  appears  that  regulation  of  the  renal  excretion  of 
sodium,  chloride  and  potassium  represents  one  of  its  chief  actions  in  the 
body.  Desoxycorticosterone  acetate  does  not  possess  the  carbohydrate- 
regulating  potencj'  of  whole  adrenal  cortical  extract.  The  stability  of  the 
synthetic  hormone,  the  uniform  potency  of  the  preparation  and  its  rela- 
tive inexpensiveness  have  been  important  factors  in  its  widespread  use  in 
the  treatment  of  Addison's  disease.  The  marked  potency  of  the  prepara- 
tion requires  that  care  be  employed  in  its  use  if  undesirable  and  even 
serious  complications  are  to  be  avoided. 
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SOME  CLINICAL  OBSERVATIONS  UPON  THE  METABOLISM 
AND  UTILIZATION  OF  PROGESTERONE;  THEIR 
APPLICATIONS  TO  GYNECIC  PRACTICE^ 


E.  C.  HAMBLEX,  M.D. 

[From  the  Endocrine  Division  of  the  Department  of  Obstetrics  and  Gynecology,  Duke 
University  School  of  Medicine  and  Hospital,  Durham,  Xorlh  Carolina] 

Seven  years  have  passed  since  the  synthesis  of  progesterone  from  stig- 
masterol  (1)  and  from  pregnandiol  (2).  During  this  time,  however, 
clinicians  have  been  unable  to  amass  sufficient  critical  therapeutic  data  to 
cause  the  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
Association  to  accept  progesterone  for  inclusion  in  New  and  Nonofficial 
Remedies  (3).  Two  sets  of  circumstances  had  seemed  to  portend  a  more 
auspicious  acceptance  of  this  steroid:  1)  the  often  expressed  and  generally 
accepted  behef  that  many  gynecologic  and  obstetric  difficulties  could  be 
circumvented  if  a  potent  corpus  luteum  principle  were  available  and  2) 
the  stated  concensus  of  workers  upon  experimental  animals  that  pro- 
gesterone acted  similarly  in  all  respects  to  active  extracts  of  the  corpus 
luteum.  The  purpose  of  this  communication  is  to  review^  some  of  the 
attempts  which  have  been  made  to  evaluate  the  therapeutic  role  of  pro- 
gesterone. 

Corner  (4)  in  1935  made  these  statements  with  reference  to  the  clinical 
possibilities  of  progesterone:  "Here  then  is  a  definite  hormone,  about  to  be 
handed  to  the  medical  profession  to  take  the  place  of  the  meaningless 
corpus  luteum  preparations  of  the  past.  It  has  the  property  of  bringing 
about  premenstrual  changes  and  uterine  conditions  of  early  pregnancy. 
What  is  to  be  done  with  it?  ...  If  there  are,  among  the  cases  of  sterility 
and  habitual  abortion,  any  w^hich  are  specifically  due  to  uterine  disturb- 
ances caused  by  deficiency  of  corpus  luteum,  progestin  wiW  help  them,  for 
it  maintains  pregnancy  in  castrated  pregnant  animals.  .  .  .  Progestin  might 
be  useful,  therefore,  in  menorrhagia  when  (if  ever)  it  is  due  to  overaction 
of  estrogenic  substance.  .  .  .  Reports  of  cases  of  threatened  abortion 
treated  with  progestin  frequently  refer  to  the  relief  of  pain  as  one  of  the 
striking  results.  This  is  probably  due  to  relaxation  of  the  uterine  muscle 
and,  therefore,  it  is  possible  that  some  cases  of  dysmenorrhea  might  be 
benefited  by  small  doses  of  progestin." 

Corner  and  Allen  (5)  upon  the  basis  of  observations  by  them  and  their 
group  (6)  drew  the  following  conclusions  regarding  the  identity  of  pro- 
gesterone and  the  active  substance  of  the  corpus  luteum:  "It  may  be 
stated  that  all  four  of  the  definitely  established  effects  of  corpus  luteum 
extracts  upon  the  uterus;  namely,  progestational  proliferation  of  the  endo- 

1  Delivered  as  part  of  A  Series  of  Lectures  on  Steroid  Hormones  at  the  Blumenthal 
Auditorium  of  The  Mount  Sinai  Hospital,  April  30,  1941. 
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metriuni,  inhiliition  of  the  action  of  i)itiiitrin  upon  tho  myomctriuin, 
inhibition  of  vitorine  motility  in  vivo,  and  the  suppression  of  monstruation 
have  now  been  achieved  with  crystalUne  progesterone." 

Studies  of  Progestin  Dejieiency  Produced  by  Surgery.  Chnioal  ojiinion 
has  frequently  predicated  the  existence  of  relati\e  or  absohite  corpus 
hiteum  deficiency  to  explain  certain  instances  of  functional  irregularities  of 
uterine  bleeding,  dysmenorrhea,  cyclomastopathy,  premenstrual  tension 
and  edema  and  recurrent  abortion.  The  establishment  beyond  peiad- 
venture  of  a  corpus  luteum  deficiency  is  difficult  in  clinical  practice  except 
in  those  women  who  ha\  e  liad  bilateral  oophorectomy  and  her(\  in  the 
non-pregnant  women,  tlie  effects  of  estrogenic  deficiency  overshadow  tho.se 
of  progestin  deficiency.  The  bleeding  which  commonly  follows  handling 
of  or  removal  of  a  corpus  luteum  occuis  before  any  other  effects  of  pro- 
gesterone deficiency  (i.e.,  endometrial  alterations)  can  be  adequately 
studied  (7,  8)  nor  can  the  cause  of  this  bleeding  be  denied  as  being  due  to 
estrogenic  withdrawal.  Wiesbader,  Engle  and  Smith  (9)  were  able  to 
prevent  the  onset  of  this  bleeding  by  giving  intramuscularly  5  mg.  of 
progesterone  daily,  whereas  Morgan  and  Da\'idson  (8)  failed  to  produce 
any  alterations  in  the  time  of  this  bleeding  although  they  began  therapy 
with  progesterone  prior  to  surgeiy. 

The  clinical  duplication  of  the  specific  endometriotropic  responses  pio- 
duced  by  jjrogesterone  in  castrated  experimental  animals  has  not  been 
uniformly  successful.  Clauberg  (10)  and  Kaufmann  (11)  reported  in 
1932  and  1933,  respectively,  the  production  of  progestational  endometria 
in  human  castrates  by  the  employment  of  estrogens  and  extracts  containing 
progestin.  Elden  (12),  however,  repeated  these  studies  in  1936,  employing 
similar  therapeutic  schedules  and  using  both  potent  corpus  luteum  ex- 
tracts and  crystalline  progesterone.  He  was  imable  to  produce  any 
progestational  alterations  in  the  endometria  of  five  castrates.  Hamblen 
(13)  had  reported  in  1936  that  he  had  found  difficulty  in  securing  progesta- 
tional responses  in  young  patients  with  estrogenic  bleeding  from  dosages 
of  progestin  similar  to  tho.se  used  by  Clauberg  and  Kaufmann. 

In  considering  the  pregnant  woman,  the  unequivocal  data  secured  from 
experimental  animals  regarding  the  absolute  necessity  of  the  presence  of 
functional  corpora  lutea  for  continuation  of  pregnancy  are  not  available. 
Pratt  (7)  reported  the  cases  of  two  patients  from  whom  corpora  lutea  had 
been  removed  during  the  first  month  of  pregnancy,  even  prior  to  missed 
menstrual  flowings,  and  in  whom  no  interference  with  pregnancy  or  sub- 
sequent lactation  occurred.  Ask-Upmark  (14)  in  1926  was  able  to  collect 
and  review  fifty-one  instances  of  women  from  whom  corpora  lutea  were 
removed  during  the  first  two  months  of  pregnancy.  In  nine  of  these 
pregnancies  continued,  despite  the  fact  that  in  four  of  them  the  operations 
had  been  performed  during  the  first  month  of  pregnancy.  In  three  of 
these  latter  patients  both  ovaries  had  been  removed.    The  explanation 
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which  has  been  advanced  to  explain  these  data  is  that  a  duaUty  of  origin 
of  progesterone  occurs  in  pregnancy:  both  the  corpus  luteum  and  the 
chorio-placental  system  perform  this  function;  in  instances  wherein  oopho- 
rectomy or  ablation  of  the  corpus  luteum  of  pregnancy  fails  to  upset  the 
course  of  pregnancy,  it  is  assumed  that  the  progesterone  formed  by  the 
chorio-placental  system  was  ample  in  amount  to  protect  the  uterus  against 
premature  expulsion  of  its  contents. 

Clinical  Methods  for  Studying  Corpus  Luteum  Activity.  The  proper 
assessment  of  progesterone  therapy  demands  methods  which  permit  the 
diagnosis  of  normal  and  deficient  levels  of  corpus  luteum  function.  As 
a  common  occurrence  in  gynecology,  the  clinician  has  found  that  the 
possession  alone  of  an  active  hormone  failed  to  solve  knotty  therapeutic 
problems.  He  found  himself  handicapped  by  his  inability  to  diagnose 
levels  of  functional  activity  and,  thereby,  to  delineate  properly  indications 
for  therapy  or  to  gauge  effectively  responses  to  various  dosage  levels.  As 
yet,  no  simple,  reliable  clinical  methods  exist  which  afford  the  critical  data 
desirable  for  these  purposes.  The  majority  of  clinical  reports  has  dealt 
with  one  or  more  of  the  following  studies:  1)  investigations  of  uterine 
contractility;  2)  observations  upon  the  effects  of  progesterone  on  bleeding; 
3)  endometrial  studies;  -1)  hormonal  titrations  of  body  fluids;  and  5) 
empiric  applications  of  progesterone  to  presumed  corpus  luteum  de- 
ficiencies. Some  of  the  results  of  these  studies  will  be  reviewed.  (The 
last  class  of  data  which  deals  with  the  reporting  of  empiric  therapy  is  not 
considered  in  this  study.) 

INVESTIGATIONS  OF  TTERINE  CONTRACTILITY 

These  studies  have  direct  bearing  on  the  therapeutic  employment  of 
progesterone  in  dysmenorrhea  and  recurrent  abortion. 

The  intrinsic  rhythmic  contractility  of  the  uterus  is  independent  of  any 
central  nervous  control.  It  has  been  related  to  the  action  of  pituitary 
oxytocin,  augmented  by  the  estrogens  and  suppressed  by  progestin. 

Two  methods  of  studying  myometrial  activity  in  the  human  have  been 
used.  The  contractions  of  suitably  prepared  fresh  strips  of  uterine  muscle 
obtained  at  laparotomy  have  been  recorded  by  kymographic  tracings  and 
alterations  in  contractions  from  the  direct  action  of  various  principles  have 
been  observed.  Contractions  of  the  intact  uterus  have  been  recorded  by 
inserting  a  small  rubber  balloon  into  the  uterine  cavity.  The  balloon  is 
inflated  and  is  connected  with  a  tambour  and  kymograph. 

Knaus  (15)  in  1934,  employing  the  second  method,  reported  that  uterine 
contractions  ceased  promptly  with  ovulation.  He  attributed  this  to  an 
effect  of  progestin  elaborated  by  the  corpus  luteum.  During  the  pro- 
gestational phase  of  the  cycle  he  found  the  uterus  to  be  refractive  to  in- 
jections of  oxytocic  principles  of  the  posterior  lobe  of  the  pituitary. 

Kurzrok  and  his  group  (16),  however,  were  unable  to  confirm  Knaus' 
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observations.  They  conrlucled  from  tlieir  studies  that  the  uterus  eon- 
traeted  spontaneously  during  all  phases  of  the  cycle;  that  injections  of 
oxytocins  augmented  contractions  at  any  time  of  the  cycle;  that  injections 
of  progestin  aj^parently  at  times  amplified  uterine  contractility  rather  than 
suppressed  it;  that  the  administration  of  progestin  during  the  estrogenic 
phase  of  the  cycle  produced  subjective  cramping;  and  that  these  "cramps" 
were  not  associated  with  any  alteiations  in  the  character  of  the  recorded 
uterine  contractions.  Hamblen  and  his  associates  (17),  in  patients  who 
were  receiving  cyclic  administration  of  large  doses  (20  mg.)  of  progesterone 
daily  for  seven  to  fourteen  days  for  menometrorrhagia,  observed  that  the 
patients  commonly  complained  of  uterine  cramping  during  the  course  of 
therapy. 

Falls,  Lackner  and  Krohn  (18),  using  injections  of  only  one  (Mauberg 
unit  of  progesterone,  were  able  to  quiet  the  contractions  of  the  uterus  dur- 
ing the  early  puerperium  and  to  prevent  uterine  contractions  normally 
provoked  from  1  cc.  of  pituitrin.  Lubin,  Clarke  and  Reynolds  (19), 
although  observing  prompt  relief  of  "after  pains"  from  injections  of  1  mg. 
of  progesterone,  reported  that  this  reUef  is  not  necessarily  associated  with 
striking  changes  in  uterine  motility,  as  gauged  by  kymographic  tracings. 

No  critical  clinical  studies  have  established  the  fact  that  patients  with 
dysmenorrhea  or  those  who  experience  recurrent  abortions  have  uteri 
with  any  characteristic  errors  of  myometrial  contractilities.  Lack- 
ner, Krohn  and  Soskin  (20)  reported  that  they  were  unable  to  estab- 
lish the  occurrence  of  any  undue  uterine  contractility  in  patients  with 
dysmenorrhea. 

THE  EFFECTS  OF  PROGESTERONE  rPO.V  UTERINE  BLEEDING 

The  bleeding  which,  according  to  Morgan  and  David.son  (8),  occurs 
within  an  average  of  1.3  days  after  the  surgical  removal  of  recent  corpora 
lutea  has  been  regarded  by  the  proponents  of  the  bleeding-postponing 
effect  of  progesterone  as  proof  of  their  thesis,  whereas  those  advocates  of 
the  estrogenic  deprivation  theory  of  bleeding  consider  it  to  be  another  bit 
of  evidence  in  support  of  their  contentions. 

Hamblen  in  1936  (13)  called  attention  to  the  following  effects  of  in- 
jections of  progesterone  upon  bleeding:  when  given  during  episodes  of 
bleeding,  flowing  is  not  checked  and  frequently  is  increased  to  the  point 
of  alarming  hemorrhage;  when  gi\en  during  non-bleeding  phases  of  pa- 
tients with  menometrorrhagia  bleeding  is  induced.  The  latter  observation 
was  confirmed  by  Zondek  and  Rozin  (21)  who  reported  the  induction  of 
bleeding  in  patients  with  secondary  amenorrhea  and  in  normal  cyclic 
women  during  the  intermenstruum  following  injections  of  progesterone. 
Similar  obser\'ations  were  made  by  these  observers  (22)  following  the  oral 
administration  of  anhydro-hydroxy-progesterone. 

In  regard  to  the  theory  that  i)rogesterone  is  concerned  with  the  sup- 
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pression  or  delaying  of  menstruation,  neither  Morgan  and  Davidson  (8) 
nor  Mazer  and  Israel  (23)  were  able  to  postpone  the  onset  of  flowing  by- 
daily  injections  of  progesterone  as  large  as  10  mg.  during  the  progestational 
phase  of  the  cycle. 

Gillman  (24),  however,  has  described  three  varying  effects  of  pro- 
gesterone when  given  during  the  eighth  to  tenth  days  of  the  menstrual 
cycle  of  normal  women :  lengthening  of  the  cycle,  the  production  of  intra- 
cyclic  hemorrhage  without  postponing  the  appearance  of  normal  menstrual 
bleeding  and  the  shortening  of  the  cycle  by  the  precipitation  of  premature 
bleeding  and  the  initiation  of  a  completely  new  cycle.  These  effects 
apparently  varied  with  the  amounts  of  progesterone  employed  which 
ranged  from  total  doses  of  10  mg.  to  30  mg. 

The  different  results,  reported  by  Wiesbader,  Engle  and  Smith  (9)  and 
by  Morgan  and  Davidson  (8)  in  studies  of  the  effectiveness  of  injections  of 
progesterone  in  postponing  bleeding  which  follows  corpus  luteum  excision 
already  have  been  cited. 

ENDOMETRIAL  RESPONSES 

Studies  of  endometria  have  been  commonly  employed  in  clinical  at- 
tempts to  evaluate  progesterone.  The  source  of  the  endometrial  tissue 
studied  has  been,  as  rule,  material  secured  by  biopsy.  Many  objections 
have  been  raised  as  to  the  validity  of  some  of  the  data  reported  from  studies 
of  endometrial  biopsies.  These  concern,  for  the  most  part,  the  limitations 
imposed  by  securing  small  samples  of  tissue  rather  than  all  of  the  endomet- 
rium for  study,  possible  errors  in  the  interpretation  of  presumed  hormono- 
logic  effects  and  doubts  as  to  deductions  drawn  from  baseline  studies  as  to 
pretreatment  levels  of  ovarian  function.  Despite  these  criticisms,  I 
believe  that  data  secured  from  critical  studies  of  endometrial  biopsies  have 
provided  and  continue  to  provide  our  most  valuable  information  upon  the 
therapeutic  effects  of  progesterone. 

The  different  observations  reported  by  some  workers  upon  the  endo- 
metrial responses  of  the  castrated  woman  to  progesterone  have  been  cited. 
These  studies  took  into  account  the  necessary  one-two  synergism  between 
estrogens  and  progesterone.  The  difference  in  the  results  obtained  by 
various  workers  may  have  been  caused  by  insufficient  preliminary  "prim- 
ing" of  the  endometria  by  estrogens  or  by  an  endometrial  refractivity  to 
progesterone. 

Studies  of  endometrial  specimens  secui-ed  by  biopsy  immediately  prior 
to  or  within  the  first  twelve  to  eighteen  hours  of  bleeding  have  indicated 
that  women  with  functional  dysmenorrhea  in  the  vast  majority  bleed 
from  progestational  endometria  (25).  Wilson  and  Kurzrok  (26)  consider 
a  functional  corpus  luteum  necessary  for  dysmenorrhea.  Such  a  concept 
of  dysmenorrhea,  in  itself  hardly  compatible  with  the  therapeutic  employ- 
ment of  progesterone,  has  led  to  therapy  designed  to  override  or  inhibit 
corpus  luteum  function. 
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Estrogens  have  been  employed  usually  for  this  jjurpose;  they  are  ad- 
ministered during  the  estrogenic  phase  of  the  cycle.  Despite  the  fact 
that  therapeutic  successes  have  been  reported  from  relatively  small  doses 
of  these  substances,  our  group  (27)  has  found  that  intermenstrual  dosages 
of  diverse  estrogens  as  great  as  15,000  rat  units  every  two  days  from  the 
sixth  to  the  fourteenth  day  of  the  menstrual  cycle,  failed  to  produce  any 
significant  depression  of  corpus  luteum  function.  Sturgis  and  Albright 
(28)  had  reported  previously  tliat  intermenstrual  injections  of  10,000  rat 
units  of  estradiol  benzoate  every  three  days  for  three  to  fourteen  doses, 
produced  depression  of  corpus  luteum  function  and  resulted  subsequently 
in  estrogenic  bleeding.  Few  clinicians  have  employed  such  high  levels 
of  estrogenic  therapy  as  these  in  the  routine  treatment  of  dysmenorrhea. 

Testosterone  propionate  has  been  u.sed  similarly  to  estrogens  by  .some 
workers  for  its  supposed  corpus  luteum  inhibiting  action.  Geist  (29) 
estimated  that  a  total  dose  of  500  to  900  mg.  of  testosterone  propionate 
for  a  single  cycle,  with  therapy  started  not  later  than  the  .sixth  day,  was 
necessary  for  complete  inhibition  of  corpus  luteum  function.  Our  group 
(30)  showed  that  the  administration  of  four  to  five  doses  of  testosterone 
propionate  of  25  mg.  each  dvn-ing  the  first  half  of  the  men.strual  cycle  had 
no  depressing  effects  on  corpus  luteum  function.  Rubinstein  and  Abarb- 
anel  (31),  however,  obtained  excellent  relief  of  dysmenorrhea  from  in- 
dividual doses  of  5  mg.  of  testosterone  propionate  given  two  or  more  times 
prior  to  flowing. 

As  early  as  1936  Hamblen  (13)  called  attention  to  the  fact  that  pro- 
gesterone when  given  in  amounts  similar  to  those  employed  by  Clauberg 
(10)  and  Kaufmann  (11)  commonly  failed  to  produce  any  significant 
progestational  alterations  in  the  endometria  of  patients  with  meno- 
metrorrhagia  as.«iociated  with  estrogenic  endometria.  Priming  of  these 
endometria  with  estrogens  and  the  subsequent  .simultaneous  administra- 
tion of  estrogen  and  progesterone  increased  the  incidence  of  progestational 
responses  but  did  not  lead  to  any  consistent  occurrence  of  these.  Two 
theories  were  advanced  to  explain  the  observations:  an  endometrial  re- 
fractivity  to  progesterone  (32) ;  and  an  inadequate  or  inefficient  metabolism 
of  progesterone  when  it  was  administered  intramuscularly  in  oil  solu- 
tion (33,  34). 

On  the  assumption  that  endometrial  refractivity  to  progestin  supplied 
intrinsically  might  be  an  etiologic  factor  in  certain  instances  of  meno- 
metrorrhagia  and  upon  the  basis  of  the  established  hemostatic-hemor- 
rhagenic  effects  of  estrogen  and  progesterone,  a  system  of  cyclic  steroid 
therapy  was  devised  and  applied  to  the  treatment  of  functional  meno- 
.  metrorrhagia  (32).  Recent  assessment  of  this  system  of  therapy  in  a 
group  of  fifty-one  women  (17)  has  indicated  that  repeated  series  of  this 
form  of  treatment  apparently  are  able  to  overcome  endometrial  refrac- 
tivity in  a  large  number  of  patients  but  not  in  all.  Few  patients  gave 
consistently  positive  responses  to  this  therapy  but,  as  a  rule,  if  respon.ses 
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were  obtained,  they  followed  one  or  more  series  of  therapy  in  which  no 
progestational  effects  occurred.  It  was  found  that  45.5  per  cent  of  the 
patients  investigated  after  the  cessation  of  therapy  continued  to  experience 
normal  ovarian  responses  (i.e.,  bled  from  progestational  endometria), 
whereas  prior  to  therapy  they  had  bled  from  estrogenic  endometria. 

We  are  convinced  that  an  important  factor  in  overcoming  the  supposed 
endometrial  refractivity  in  these  cases  is  the  administration  of  estrogens. 
We  cannot  be  certain  at  present  that  administered  progesterone  exerts 
any  specific  effects  in  this  regard.  We  have  encountered  some  evidence 
that  cyclicly  administered  estrogens  alone  may  result  in  progestational 
responses  of  the  endometria  in  patients  with  estrogenic  bleeding  (27). 

Inhoffen  and  Hohlweg  (35)  in  1938  described  the  preparation  from 
estradiol  of  pregnen-in-on-3-ol-17  (anhydro-hydroxy-progesterone ;  ethinyl 
testosterone)  which  they  found  to  exert  progestational  effects  when  given 
orally  to  immature  mice.  Hamblen  (36)  in  yiay,  1939  reported  that  this 
steroid  was  tolerated  well  by  women  and  when  administered  orally  produced 
progestational  alterations  in  their  endometria.  Salmon,  Walter  and  Geist 
(37)  described  the  production  of  progestational  alterations  in  the  endo- 
metria of  post-menopausal  women  by  the  oral  administration  of  anhydro- 
hydroxy-progesterone  and  Zondek  and  Rozin  (38)  reported  the  induction 
of  intermenstrual  bleeding  from  anhydro-hydroxy-progestrone,  inter- 
menstrually  and  orally  administered  similarly  as  they  had  described  for 
progesterone. 

Subsequent  reports  by  our  group  (39,  40)  indicated  that  cyclic  therapy, 
which  embraced  the  use  of  orally  administered  estrogens  and  anhydro- 
hydroxy-progesterone,  was  able  to  induce  progestational  alterations  in  the 
endometria  of  patients  with  estrogenic  menometrorrhagia  as  effectively 
as  intramusculai-ly  administered  estrogen  and  progesterone.  No  evidence 
was  secured,  however,  from  a  gi'oup  of  36  women,  treated  by  this  cyclic 
oral  steroid  therapy  (40),  that  any  ultimate  salvage  was  effected.  It  was 
suggested  by  us  that  probably  this  was  due  to  the  fact  that  smaller  doses 
of  estrogens  (orally  administered)  were  used  than  in  the  injected  steroid 
therapy. 

Xo  other  steroids,  other  than  progesterone  and  anhydro-hydroxy- 
progesterone,  have  been  reported  capable  of  producing  progestational  al- 
terations in  the  endometrium  of  women.  Desoxycorticostei'one  acetate, 
despite  its  progesterone-like  properties  in  experimental  animals,  has  not 
been  found  capable  of  inducing  progestational  responses  in  women  (41). 

STUDIES  ox  HORMOXAL  TITERS  OX  BODY  FLUIDS 

Investigations  of  hormonal  levels  would  appear  to  be  a  logical  approach 
to  the  chnical  evaluation  of  progesterone  therapy.  Theoretically  such 
studies  should  permit  obtaining  the  following  pertinent  data:  1)  the  es- 
tablishment of  the  diagnosis  of  corpus  luteum  failure  and  the  grading  of 
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its  severity;  2)  the  estimation  of  the  therapeutic  requirements  of  pro- 
gesterone necessary  to  complement  the  deficit  established,  and  3)  proof  of 
the  efficiency  of  the  metabolism  and  utilization  of  the  progesterone  giv^en. 

The  problem  has  been  rendered  difficult  by  the  fact  that  biologically 
active  progestin  can  be  found  in  human  tissues  and  fluids  only  in  small 
quantities  when  the  Corner-Allen  technic  of  assay  is  used.  Adlcr  and  his 
co-workers  (42)  and  Ehrhardt  (43)  could  detect  but  small  amounts  in 
placentas  and  urines  of  pregnant  women.  Clauberg  and  his  associates 
(44)  obtained  a  questionable  progestational  reaction  with  an  extract  pre- 
pared from  approximately  50  gm.  of  human  corpora  lutea.  Pratt  and  his 
group  (45),  however,  were  able  to  get  positive  tests  in  the  immature  rabbit 
with  extracts  equivalent  to  60  gm.  of  corpora  lutea.  Loewe  and  Voss 
(46)  found  only  one  rabbit  unit  of  progestin  in  20  liters  of  urine  collected 
from  women  during  the  last  five  days  of  the  progestational  phase  of  the 
cycle.  Our  group  (47.48)  showed  that  two  young  women  receiving  20 
mg.  of  progesterone  intramuscularly  daily  excreted  in  their  urines  no 
biologically  active  progestin,  as  judged  by  the  Corner-Allen  technic,  and 
that  a  young  woman  receiving  40  mg.  of  anhydio-hydroxy-progesterone 
daily  by  mouth  likewise  failed  to  excrete  any  biologically  active  progesta- 
tional substances.  More  sensitive  methods  for  the  bioassay  of  progestin 
have  been  described  in  recent  years:  a  method  based  upon  the  propeity  of 
progestin  to  inhibit  the  vaginal  effects  of  estrogens  (49) ;  one  which  utilizes 
the  fact  that  progestin  produces  an  increase  in  the  size  of  the  ovipositor 
of  the  bitterling  (50);  and  a  method  which  employs  the  intrauterine  ap- 
plication of  progestin  (51,  52).  The.se  methods,  while  permitting  the 
qualitative  recognition  of  small  quantities  of  progestin  in  body  tissues  and 
fluids,  have  not  been  applied,  as  yet,  to  general  clinical  studies  such  as  those 
which  concern  us  at  present. 

The  work  of  Venning  and  her  associates  (53)  in  Montreal  has  provided 
a  gravimetric  method  for  the  cjuantitation  of  sodium  pregnandiol  glucuron- 
ide  in  the  urine  and  these  workers  have  submitted  evidence  that  this 
steroid-complex  represents  a  major  metabolic  product  of  progestin.  Dur- 
ing the  past  three  years  a  relatively  large  number  of  studies  upon  preg- 
nandiol studies  has  appeared.  These  studies,  in  general,  have  tended  to 
point  out  failings  and  shortcomings  of  the  \'enning  technic  and  to  cast 
doubt  upon  its  usefulness  as  a  clinical  method  for  evaluating  corpus  luteum 
function  or  for  gauging  the  level  of  required  progesterone  therapy. 

Simultaneously  Stover  and  Pratt  (54)  and  our  group  (55)  differed  with 
one  of  the  primary  observations  of  the  Montreal  group  by  which  they 
related  pregnandiol  titers  and  progestin  metabolism :  these  two  groups  were 
able  to  recover  little  or  no  pregnandiol  following  injections  of  progesterone 
into  women  not  spontaneously  excreting  this  compovmd,  whereas  Venning 
and  her  group  had  reported  recoveries  under  similar  conditions  of  amounts 
of  pregnandiol  comparable  to  yields  of  12  per  cent  to  46  per  cent  of  that 
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expected  from  the  amount  of  progesterone  given.  The  subsequent  studies 
of  our  group  have  not  altered  materially  our  point  of  view  in  this  matter. 

Our  group  (34),  however,  reported  that  the  recovery  of  pregnandiol 
following  injections  of  progesterone  to  women  with  estrogenic  bleeding  was 
improved  by  endometrial  priming  wdth  estrogens  and  the  concomitant 
administration  of  estrogens  and  progesterone.  The  Montreal  group  in 
their  report  of  1940  confirmed  these  observations.  We  found,  further- 
more, that,  in  the  treatment  of  estrogenic  bleeding,  the  best  yield  of  preg- 
nandiol followed  estrogenic  'priming'  and  the  concurrent  administration 
of  estrogens,  progesterone  and  chorionic  gonadotropin.  This  result  was 
related  by  us  to  the  production  of  a  hormonal  synergism  similar  to  that 
which  exists  in  the  normal  woman  during  the  progestational  phase  of  the 
cycle:  The  1940  report  of  the  Montreal  group  also  confirmed  indirectly 
this  observation:  they  obtained  their  best  yields  of  pregnandiol  when 
progesterone  was  given  to  normal  women  during  the  progestational  phase 
of  the  cycle. 

Our  group  (55)  made  observations  which  were  somewhat  similar  to 
those  of  the  Montreal  group  in  regard  the  role  of  the  endometrium  in  the 
metabolism  of  progestin  into  pregnandiol.  These  workers  had  reported 
their  inability  to  recover  pregnandiol  following  injections  of  progesterone 
to  hysterectomized  women.  We  reported  that  the  urinary  excretion  of 
pregnandiol  was  impaired  apparently  by  hysterectomies  done  upon  two 
women  during  the  progestational  phases  of  their  menstrual  cycles.  In 
these  two  patients  the  presence  of  functional  corpora  lutea  was  verified 
at  operation.  We  reported,  likewise,  that  curettages  done  during  the 
progestational  phases  of  menstrual  cycles  of  three  women  interfered  with 
their  urinary  outputs  of  pregnandiol.  The  Montreal  group  in  1940  con- 
tinued to  believe  that  a  functionally  adequate  endometrium  facilitates  the 
metabolism  of  progesterone  but  reported  that,  by  using  larger  doses  of 
progesterone  than  those  used  formerly  by  them,  they  had  been  able  to 
recover  small  amounts  of  sodium  pregnandiol  glucuronide  from  the  urines 
of  hysterectomized  women. 

Buxton  and  Westphal  (56),  however,  had  shown  previously  that  the 
endometrium  was  not  necessary  for  the  conversion  of  progesterone  into 
pregnandiol  since  injections  of  progesterone  into  the  male  were  followed 
by  the  urinary  excretion  of  pregnandiol.  Our  group  (57)  also  had  made 
similar  observations  and  had  reported  that  the  male  apparently  metabo- 
lized progesterone  in  this  regard  better  than  woman. 

Our  studies  on  the  male,  furthermore,  indicated  that  pregnandiol  is  not 
a  specific  metabohc  product  of  progesterone  alone.  We  (58)  were  able  to 
recover  sodium  pregnandiol  glucuronide  from  the  urine  of  a  male  during 
two  series  of  therapy  with  desoxycorticosterone  acetate;  one  comprising 
5  mg.  daily  for  five  days,  the  other  10  mg.  a  day  for  five  days.  Similar 
therapy  in  the  female  (41),  however,  did  not  result  in  the  urinary  elimina- 
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tion  of  any  pregnandiol  which  was  attributable  to  the  desoxycorticosterone 
acetage  given. 

Om-  observations,  moreover,  have  failed  to  confirm  the  contention  of  the 
Montreal  group  that  pregnandiol  is  excreted  uniformly  during  the  pro- 
gestational phase  of  the  cycle.  These  workers  found  a  definite  and  con- 
stant relationship  between  Miltclschmerz  and  the  initial  appearance  of 
pregnandiol  in  the  urine  and  described  its  excretion  as  continuous  from 
that  time  until  just  prior  to  the  onset  of  menstrual  bleeding.  We  have 
found  that,  as  a  rule,  pregnandiol  docs  appear  in  the  urine  about  the  sup- 
posed time  of  ovulation  but  that  its  excretion  curve  is  most  irregular  and 
that  patients  may  excrete  no  pregnandiol  for  two  or  three  con.secutive  days 
during  the  progestational  phase  of  the  cycle.  While  the  Montreal  group 
commented  upon  the  marked  variations  in  the  total  amount  of  pregnandiol 
excreted  by  healthy  cyclic  women,  they  placed  the  average  cyclic  excretion 
of  pregnandiol  at  45  to  55  mg.  Our  observations  have  pointed  to  the 
lack  of  any  absolute  consistencies  in  correlations  between  the  level  of 
pregnandiol  output  and  the  nature  of  the  endometria  associated  with 
bleeding. 

The  following  observations  were  made  in  this  regard  upon  a  group  of 
twenty-four  young  healthy  women  who  had  cyclic  bleeding  from  progesta- 
tional endometria: 

Six  of  these  women  excreted  no  pregnandiol  tluriiiK  cycles  which  were  concluded 
by  bleeding  from  progestational  enilometria  (biopsies  done  at  the  onset  of  bleeding); 
in  three  patients  the  endometria  were  diagnosed  as  normal  progestational;  in  three 
patients  as  mixed  progestational. 

Three  other  women  with  progestational  bleeding  excreted  total  amounts  of  sodium 
pregnandiol  glucuronidc  of  7  mg.  or  less  for  the  cycle. 

The  amounts  of  sodium  pregnandiol  glucuronide  excreted  during  cycles  which 
terminated  in  bleeding  from  normal  progestational  endometria  ranged  from  0  to  99 
mg. 

The  amount  of  sodium  pregnandiol  glucuronide  excreted  during  cycles  which  ter- 
minated in  bleeding  from  poorly  differentiated  or  mixed  progestational  endometria 
varied  from  0  to  173  mg. 

The  time  of  the  initial  appearance  of  pregnandiol  in  the  urine  varied  from  the  fifth 
to  the  twenty-second  day  of  the  cycle.  The  time  of  disappearance  of  pregnandiol 
from  the  urine  varied  from  72  hours  prior  to  bleeding  to  the  end  of  the  first  day  of 
bleeding. 

Likewise,  when  patients  with  functional  irregularities  of  uterine  bleeding 
were  investigated  as  regards  their  endometrial-pregnandiol  correlations, 
similar  inconsistencies  were  observed: 

Patients  with  menometrorrhagia  associated  with  bleeding  from  estrogenic  endo- 
metria excreted  amounts  of  sodium  pregnandiol  glucuronide  during  their  non-bleed- 
ing phases  which  varied  from  0  to  49  mg. 

Patients  with  menometrorrhagia  associated  with  bleeding  from  progestational 
endometria  excreted  amounts  of  sodium  pregnandiol  glucuronide  during  their  non- 
bleeding  phases  which  varied  from  0  to  1.35  mg. 
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Similar  inconsistencies  were  observed  in  the  investigation  of  endometrial- 
pregnandiol  correlates  of  patients  with  functional  dysmenorrhea. 

Two  patients  with  functional  dysmenorrhea  associated  with  estrogenic  bleeding 
excreted  during  their  intervals  0  and  29  mg.  of  sodium  pregnandiol  glucuronide 
respectively. 

Three  patients  with  functional  dysmenorrhea  associated  with  progestational 
bleeding  excreted  amounts  of  sodium  pregnandiol  glucuronide  during  their  non- 
bleeding  intervals  which  varied  from  16  to  51  mg. 

Wilson,  Randall  and  Osterberg  (59),  however,  found  closer  relationships 
between  pregnandiol  excretion  and  endometrial  proliferation  and  stated 
that  an  abnormal  microscopic  appearance  of  the  progestational  endo- 
metrium was  nearly  always  associated  with  low  urinary  values  of  preg- 
nandiol. Hain  and  Robertson  (60),  while  making  somewhat  similar  ob- 
servations, reported  a  patient  who  excreted  10.5  mg.  of  pregnandiol  during 
a  cycle  which  terminated  with  estrogenic  bleeding.  A  recent  editorial 
in  the  British  Medical  Journal  (61)  sums  up  the  matter  as  follows:  "At 
first  it  was  thought  that  a  quantitative  estimation  of  the  excretion  of 
pregnandiol  during  the  menstrual  cycle  might  constitute  a  test  for  corpus 
luteum  function.  Attempts  to  establish  normality  have,  however,  re- 
vealed such  a  wide  range  in  total  excretion  that  quantitative  differences 
do  not  appear  to  have  any  pathological  significance." 

Cyclomastopathy,  i.e.,  mastodynia,  Schimmelbusch  disease  and  cystic 
mastitis,  has  been  related  commonly  to  disturbed  ovarian  function  (25). 
In  1937,  Lewis  and  Geschickter  (62)  described  gratifying  clinical  responses 
in  cystic  disease  from  estrogenic  therapy  combined  in  some  instances  with 
injections  of  the  lactogenic  principle  of  the  pituitary.  Recently  Bucher 
and  Geschickter  (63)  have  investigated  the  hormonal  levels  of  patients 
with  cyclomastopathy;  they  described  estrogenic  titers  as  being  in  general 
normal,  but  they  found  the  pregnandiol  output  of  patients  with  masto- 
dynia or  with  adenosis  to  be  lower  than  average  normal  values.  Upon 
the  basis  of  these  findings  Geschickter  (64)  has  administered  progesterone 
in  doses  of  5  mg.  twice  weekly  during  the  last  two  weeks  of  the  menstrual 
cycle  with  beneficial  results. 

Despite  the  fact  the  gynecologists  and  obstetricians  for  years  have  as- 
sumed that  one  of  the  causes  of  recurrent  abortions  was  intercurrent 
ovarian  (corpus  luteum)  failure  and  despite  the  clinical  enthusiasm  which 
exists  in  some  circles  (65  to  67)  over  therapeutic  results  obtained  with  small 
do.ses  of  progesterone  in  preventing  abortion,  little  objective  evidence 
exists  that  corpus  luteum  deficiency  is  the  primary  cause  of  recurrent 
abortion. 

The  Montreal  group  expressed  the  hope  that  their  method  for  estimating 
pregnandiol  titers  would  permit  direct  measurement  of  the  progesterone 
deficit  under  these  circumstances  and,  thereby,  permit  the  administration 
of  adequate  therapy.  They  have  reported  successful  employment  of 
therapy  gauged  hy  pregnandiol  titers. 
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Stover  and  Pratt  (54),  however,  failed  to  find  low  pregnandiol  titei-s  in 
women  with  histories  of  previous  reeurrent  abortion  or  in  those  threatening 
to  abort.  Buxton  (08)  in  general  made  similar  observations  but  described 
several  women,  who  did  excrete  very  low  pregnandiol  titei-s.  These 
women  aborted  despite  intensive  therapy  with  progesterone.  In  no 
instance  did  the  therapy  produce  any  ele^•ation  of  the  pregnandiol  titers. 

Hamblen  (69)  has  made  observations  similar  to  those  of  Buxton.  He 
observed  that  in  patients  with  low  pregnandiol  titers  daily  doses  of  pro- 
gesterone as  large  as  20  mg.,  complemented  or  synergized  with  estrogens, 
failed  to  prevent  abortion  or  to  increa.se  the  pregnandiol  output.  One 
patient  excreted  no  pregnandiol  for  ten  days  prior  to  abortion,  despite  the 
fact  that  she  was  receiving  therapeutically  10  mg.  of  progesterone  a  day. 
Hamblen  also  reported  that  no  ab.solute  relationship  existed  between  the 
occurrence  of  abortion  and  the  titers  for  urinarj^  pregnandiol.  One  patient 
\yith  values  for  pregnandiol  well  in  the  higher  bracket  of  normal  threatened 
to  abort  for  nearly  a  month.  During  this  time,  despite  uterine  cramping 
and  bleeding,  she  continued  to  excrete  normal  amounts  of  pregnandiol. 
This  patient  subsequently  was  delivered  at  term. 

Cope  (70)  believes  that  the  complete  absence  of  pregnandiol  from  the 
urine  in  pregnancy  is  always  evidence  of  a  serious  abnormality.  He  is  of 
the  opinion  that  such  a  finding  in  early  pregnancy  indicates  that  abortion 
will  occur.  The  absence  of  pregnandiol  in  the  urine  in  late  pregnancy  is 
con.sidered  by  him  to  be  evidence  of  death  of  fetus  in  utero.  The  editorial 
comment  of  the  British  Medical  Journal  ((31)  upon  Cope's  report  empha- 
sizes that  a  study  of  pregnandiol  titers  cannot  be  regarded  a  reliable 
method  of  diagnosing  fetal  death  "as  in  only  a  small  percentage  of  cases 
of  fetal  death  can  the  absence  of  pregnandiol  be  demonstrated,  and  in 
others  it  is  normal.  Such  a  test  can  only  be  used  a.s  an  adjuvant  to  other 
methods  of  investigation." 

These  observations  by  various  workers  who  have  studied  urinary  preg- 
nandiol titers,  therefore,  show  rather  striking  degrees  of  disagreement. 
It  is  obvious  from  this  review  that  Venning's  technic,  instead  of  imple- 
menting studies  of  corpus  luteum  physiology'  and  pathology,  has  only  added 
to  the  quagmire  of  uncertainty.  There  are  se\eral  explanations  which 
may  be  suggested  for  our  present  confusion: 

1)  Proof  that  the  dried  powder,  recovered  by  Venning's  technic,  and 
weighed  under  the  assumption  that  it  is  sodium  pregnandiol  glucuronide, 
is  actually  and  undeniably  this  chemical  compound  is  usually  lacking. 
To  subject  each  precipitate  obtained  to  chemical  analysis  would  be  an 
impossible  task  if  a  broad  program  of  clinical  investigation  is  underway. 
Smaller  precipitates  may  not  even  permit  satisfactory  melting  point 
determinations.  Hj'drolysis  to  free  pregnandiol,  recrystallization  and 
reweighing  add  more  certain  data  but  decrea.se  the  flexibility  of  the  method; 
the  same  is  true  of  estimations  of  the  glucuronide  fraction.    Many  of  the 


1212 


E.  C.  HAMBLEN 


precipitates  reported  upon  are  accepted  as  sodium  pregnandiol  glucuronide 
on  little  more  than  faith  in  the  specificity  of  the  extraction  method. 

2)  Assuming,  however,  that  no  uncertaint}'  may  exist  as  the  chemical 
identity  of  the  precipitates  obtained  hy  Venning's  technic,  no  clear-cut 
proof  has  been  submitted  that  pregnandiol  is  necessarily  the  major  product 
of  progestin  metabolism.  It  may  be  that  qualitative  fluctuations  in  this 
metabolism  may  be  more  important  than  quantitative  variations  in 
pregnandiol  titers.  In  addition  to  free  pregnandiol  and  sodium  preg- 
nandiol glucuronide,  ^Marker  and  his  group  (71  to  75)  have  found  other 
members  of  the  pregnane-group  in  the  urine  of  normal  and  pregnant 
women:  pregnanol-3(a)-one-20,  "epipregnanolone" ;  allo-pregnandiol-3(a)- 
one-20,  'epi-allo-pregnanolone ;  allo-pregnandiol-3(a),20(Q:) ;  and  allo- 
pregnandiol-3(/3), 20(a).  The  third  one  of  these  compounds  has  a  melting 
point  close  to  pregnandiol  and  as  much  as  7  mg.  of  it  have  been  found  in  a 
liter  of  pregnancy  urine.  Westphal  (76)  calling  attention  to  the  preceding 
studies  cautions  that  pregnandiol  should  not  be  regarded  as  the  only  com- 
pound with  21  carbon  atoms  which  results  from  the  reduction  of  pro- 
gesterone. 

At  this  point  of  the  discussion,  it  may  not  be  completely  irrelevant  to 
observe  that  it  seems  strange  that  the  monke}'  which  has  been  so  faithful 
in  supph'ing  scientific  data  on  reproductive  physiology  and  sex  endo- 
crinology excretes  no  pregnandiol  (77,  78). 

The  studies  of  our  group  have  comprised  the  quantitation  of  well  over 
6,000  specimens  of  urine  for  pregnandiol  titers.  We  have  at  all  times 
followed,  ^vithout  any  modifications,  Venning's  technic.  Close  adherence 
to  her  method  has  been  facilitated  by  having  had  a  i"e.search  associate 
common  to  both  groups  (C.J. P.,  17,  39-41,  (79)).  We  have  made  one 
modification  in  the  manner  of  reporting  results:  from  the  beginning  we 
have  reported  oiu'  results  as  mg.  of  sodium  pregnandiol  glucuronide  rather 
than  as  mg.  of  pregnandiol,  as  the  Montreal  group  has.  done. 

SUMMARY  AND  COXCLUSIOXS 

This  survey  has  presented  ample  evidence  that  the  therapeutic  role 
of  progesterone  is  yet  to  be  delineated  clearly.  Clinical  studies  by  various 
groups  have  yielded  data  which  are  often  contradictory  and  irreconcilable. 
No  method  of  approach  has  afforded  conclusive  and  unchallenged  facts 
regarding  the  phj'^siology  and  pathology  of  the  corpus  luteum  or  the  ther- 
apeutic applications  of  progesterone.  Despite  its  adverse  critics,  the 
method  of  endometrial  biopsy  has  yielded,  perhaps,  the  least-  conflicting 
data  of  all  of  the  various  studies. 

In  view  of  these  facts,  am^  summary  or  conclusions  at  the  present  time 
must  be  based  upon  opinions  of  an  individual  or  of  a  single  group  rather 
than  upon  a  consensus,  since  no  one  worker  finds  all  his  data  unchallenged. 
Our  views  at  this  stage  may  be  briefly  recapitulated: 

The  quieting  action  of  progesterone  upon  uterine  muscle  has  not  been 
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established.  Any  predication  of  therapy,  as  in  habitual  abortion  and 
dysmenorrhea,  upon  this  assumption  is  founded  upon  theory  and  not 
estabhshed  fact.  On  the  other  hand,  there  is  some  reason  to  beHeve  that 
injections  of  progesterone  produce  subjective  "cramps"  if  not  actual 
uterine  contractions.  Likewise  it  cannot  be  held  as  proven  that  pro- 
gesterone is  a  biologic  antidote  to  posterior  pituitary  oxytocin.  Instead 
of  suppressing  or  delaying  menstruation,  injections  of  progesterone  appar- 
ently induce  bleeding  if  given  during  the  intermenstruum  and  increase  the 
duration  and  severity  of  bleeding  if  given  during  episodes  of  flowing. 
Theiefore,  of  the  "4  definitely  established  effects  of  corpus  luteum  extracts" 
upon  the  uteri  of  experimental  animals  cited  by  Corner  and  Allen  (5),  only 
the  endometrial  effects  of  progesteione  have  been  established  for  woman. 
Therefore,  again  in  the  cjuestion  raised  by  Corner  (4)  in  1935  regarding  pro- 
gesterone "what  is  to  be  done  with  it?"  must  be  considered. 

Clinical  studies  have  not  related  etiologically  corpus  luteum  failure  or 
deficiency  with  recurrent  abortion  or  dysmenorrhea.  Likewise  clinical 
studies  of  the  pharmacology  of  progesterone  have  established  no  clear-cut 
specific  indications  for  the  therapeutic  use  of  this  steroid  in  the.se  conditions. 

There  is  a  mass  of  clinical  data  (80,  81),  however,  which  as.sociates  a  large 
majority  of  functional  uterine  bleeding  (menometrorrhagia,  amenorrhea, 
etc.)  with  a  failure  of  occurrence  of  ovulation  and  an  absence  of  corpus 
luteum  activity.  Despite  this  fact,  therapy  with  an  agent  capable  of  in- 
ducing interval  bleeding  and  of  producing  progestational  effects  upon  endo- 
metria  previously  primed  with  estrogens,  seems  to  offer  per  se  nothing  more 
than  supplemental  or  substitutional  treatment.  Evidence  has  been  sub- 
mitted that  an  endometrial  refractivity  to  progesterone  may  account  for 
some  instances  of  functional  bleeding  and  that  the  cyclic  administration  of 
estrogen  and  progesterone  under  these  circumstances  may  effect  complete 
therapeutic  .salvage.  As  yet,  no  absolute  proof  has  been  .submitted  that 
progesterone  constitutes  an  essential  part  of  such  a  theiapeutic  .schedule. 

No  phase  of  the  recent  corpus  luteum  studies  has  proven  more  disappoint- 
ing than  that  which  has  been  concerned  with  the  gravimetric  determination 
of  urinary  sodium  pregnandiol  glucuronide.  The  near  future  may  furnish  a 
sadly  needed  accurate  measuring  stick  for  corpus  luteum  function;  until 
that  time  we  shall  continue  probably  to  find  ourselves  in  our  present  awk- 
ward predicament  of  possessing  an  active  corpus  luteum  hormone  and  yet 
of  being  unable  to  establish  a  clear-cut  indication  for  its  therapeutic  em- 
ployment. 
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PAINFUL  LESIONS  OF  THE  FEET 


Their  Basic  Pathology  and  Treatment 

SETH  SELIG,  M.D.i 
[Orthopedist  to  The  Mount  Sinai  Hospital] 

Lack  of  knowledge  of  the  basic  pathology  underlying  many  of  the  com- 
mon painful  ailments  of  the  feet  leads  to  prolonged  ineffective  treatment, 
often  repeated  at  intervals  throughout  the  patient's  life.  Patients  accept, 
without  complaint,  the  necessity  of  returning  to  a  chiropodist  at  intervals 
of  five  or  six  weeks  to  obtain  relief  from  an  easily  remediable  foot  lesion. 

The  basic  pathology  is  a  compression  of  the  soft  parts,  the  skin  and 
subcutaneous  tissue  between  an  underlying  bonj^  prominence  and  the 
leather  of  the  shoe  or  another  opposing  bony  prominence.  The  response 
to  this  compression  is  a  thickening  or  cornification  of  the  skin,  the  forma- 
tion of  a  bursa  at  the  compression  point,  and  eventuallj^  cartilaginous  and 
later  bony  proliferation  of  the  bone  at  the  compression  point.  This  pro- 
duces a  vicious  circle  and  eventually  causes  symptoms  severe  enough  to 
force  the  sufferer  to  consult  an  orthopedic  surgeon  for  permanent  relief. 
Relief  can  be  obtained  only  by  relieving  the  compression.  If  this  cannot  be 
brought  about  by  well-fitting  footwear  or  shoe  corrections,  arches  or  other 
devices,  the  underl3-ing  bony  protuberance  should  be  removed. 

Common  corn:  This  usually  occurs  on  the  fifth  toe  over  the  proximal 
interphalangeal  joint  and  is  caused  by  the  pressure  of  a  small  exostosis  of 
bone  or  cartilage  underlying  the  thickened  skin  and  compressing  the  soft 
parts  against  the  shoe.  Repeated  removal  of  the  hardened,  thickened  skin 
will  be  of  no  value  beyond  temporary  relief  until  the  thickening  recurs. 
Removal  of  the  underlying  exostosis  will  give  permanent  relief.  The  thick- 
ened skin  will  slough  off  in  a  few  weeks  and  there  will  be  no  recurrence. 

The  soft  com:  The  soft  corn  is  similarly  cornified  skin  that  occurs  because 
of  pressure  of  the  phalanx  of  the  fifth  toe  against  a  projecting  portion  of  the 
phalanx  of  the  fourth  toe.  The  condition  is  usually  started  by  a  tight  or 
ill-fitting  shoe  which  causes  a  slight  periosteal  irritation  followed  b}-  a  slight 
proliferation  of  the  bony  prominence.  This  is  enough  to  start  a  vicious 
circle  of  increasing  pressure.  Soft  corns  have  a  soft,  macerated  appearance 
because  they  occur  where  the  skin  is  moist  and  there  often  is  a  super- 
imposed ringworm  infection.  The  indication  is  to  remove  the  offending 
bony  protuberance  through  a  small  incision  under  local  anesthesia.  After 
the  offending  pressure  has  been  removed,  the  cornified  skin  will  slough  ofif 
and  not  recur.  Patients  are  often  treated  for  months  and  years  by 
capable  dermatologists  who  employ  ointments,  x-raj's  and  minor  surgical 
procedures  without  success. 

1  Deceased  November  2,  1941. 
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Hallux  valgus:  The  painful  and  often  ulcerating  bursa  over  the  mesial 
aspect  of  tlie  great  toe  is  due  to  similar  pressure  of  the  shoe  against  the 
metatarsal  head.  The  situation  here  is  compHcated  by  the  bowstring  effect 
of  the  short  toe  flexors  and  adductors.  In  addition  to  removing  the 
exostosis,  steps  must  be  taken  to  prevent  a  recvu'rence  of  the  valgus  de- 
formity of  tlie  great  toe.  In  my  opinion,  the  most  effective  procedure  is 
hemi-phalangectomy. 

Tailor's  bunion:  "Tailor's  bunion"  is  a  picturesciuely  named  bony 
protuberance  at  the  distal  end  of  the  fifth  metatarsal.  The  name  "tailor's 
bunion"  is  used  because  tailors  traditionally  sit  crosslegged  at  their  work, 
resting  their  feet  on  the  lateral  aspect,  supposedly  at  the  usual  site  of  the 
fifth  metatarsal  protuberance.  Normally,  there  is  a  .small  tul)erosity  at  the 
lateral  aspect  of  the  fifth  metatarsal  head  and  irritation  of  this  tuberosity 
produces  the  exo.stosis  that  cau.ses  a  tailor's  bunion.  If  the  .symptoms 
are  sufficiently  annoying,  resection  of  the  protuberance  will  readily  cure  all 
s>'mptoms. 

Dorsal  bunion:  Due  to  the  modern  practice  of  lacing  shoes  tightly,  there 
is  often  irritation  of  the  margins  of  the  joint  between  the  internal  cuneiform 
bone  and  the  first  metatarsal  with  the  resulting  production  of  marginal 
exostoses,  often  with  an  overlying  biusae  and  reddened,  cornified  .skin.  If 
relief  is  not  obtained  by  felt  padding  on  the  tongue  of  the  shoe  or  by  strap 
shoes  that  do  not  exert  pressure  on  the  painful  point,  resection  of  the 
exosto.sis  is  indicated.  Since  the  condition  is  really  a  traumatic  arthritis 
of  the  joint  between  the  internal  cuneiform  and  the  first  metatarsal,  manj^ 
orthopedic  surgeons  advi.se  operative  fusion  of  that  joint. 

Hammer  (oes:  Hammer  toes  in  them.selves  are  not  painful  but  the  corns 
that  form  at  their  apex  are  often  extremely  tender.  Occasionally  painful 
callouses  form  at  the  di.stal  end  of  the  hammer  toe  where  it  rests  against 
the  sole  of  the  shoe.  Operative  correction  of  the  hammer  toe,  if  properly 
performed,  promptly  cures  all  symptoms. 

Metatarsal  pain:  Pain  beneath  the  heads  of  the  metatarsals  occiu's  chiefly 
in  women  who,  because  of  high  heels,  bear  a  large  portion  of  their  weight 
on  the  metatarsal  heads.  The  soft  parts  are  compre.s.sed  between  the 
metatarsal  heads  and  the  sole  of  the  shoe  with  resulting  pain.  Often,  small 
bursae  form  beneath  the  metatarsal  heads.  Metatarsal  pads  or  bars 
designed  to  support  the  weight  behind  the  metatarsal  heads,  combined  with 
lower-heeled  shoes,  usually  afford  relief.  A  sub-variety  of  metatarsalgia 
often  causes  .severe  lancinating  pain  usually  along  the  fourth  toe.  Since 
Morton  (1)  described  it  in  1875,  it  has  been  known  as  "Morton's  meta- 
tarsalgia." Most  observ^ers  believe  that  it  is  caused  hy  pressure  of  the 
fourth  metatarsal  upon  the  digital  nerve.  It  can  often  be  relieved  by 
well-fitted  metatarsal  supports  but  occasionally  a  ca.se  will  prove  recal- 
citrant to  all  con.servative  measures.  Resection  of  the  digital  nerves  to 
the  fourth  toe  and  resection  of  the  metatarsal  head  will  result  in  a  cure. 
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Sesmoid  bones:  Occasionally,  a  painful  callousforms  beneath  the  mesial 
or  lateral  sesmoid  of  the  big  toe.  Often  such  callouses  are  mistakenly 
treated  as  papillomata,  by  resection,  applications  of  acid  and  coagulation. 
The  onl}'^  curative  procedure  is  to  relieve  pressure  at  this  point.  If  pads 
and  corrective  shoe  devices  are  unsuccessful,  resection  of  the  offending 
sesmoid  is  indicated  and  will  bring  about  a  rapid  cure. 

Accessory  or  prominent  scaphoids:  Occasionally^,  there  is  a  large  accessory 
scaphoid  mesial  to  the  scaphoid  bone.  The  soft  parts  are  compressed 
between  the  side  of  the  shoe  and  the  accessory  scaphoid.  Resection  of  the 
offending  bone  will  produce  a  prompt  cure.  Occasionally  even  though 
there  is  no  acces.sory  scaphoid,  an  unusualh'  large  and  prominent  scaphoid 
can  produce  similar  symptoms.  Resection  of  the  projecting  portion  is 
indicated. 

Accessory  fifth  metatarsal  epiphysis:  Rarely,  an  accessory  epiphysis  at 
the  proximal  end  of  the  fifth  metatarsal  will  cause  symptoms  sufficient  to 
indicate  its  resection. 

Painful  heels:  One  of  the  most  stubborn,  resistent  conditions  that 
orthopedists  are  confronted  with  is  the  painful  heel.  Only  a  small  per- 
centage of  painful  heels  show  x-ray  evidence  of  spur  formation  at  the  painful 
point.  A  great  majority  of  x-rays  are  negative.  The  pain  is  caused  by 
compression  of  the  soft  parts  between  the  os  calcis  and  the  heel  of  the  shoe 
and  usually  occui'S  in  individuals  who  are  on  their  feet  many  hours  a  day. 
An  infectious  element  may  be  a  factor  in  producing  the  sj'mptoms  but  in 
my  opinion  this  is  extremely  rare.  I  think  the  etiology  is  chiefly  mechani- 
cal. Not  so  many  years  ago,  most  painful  heels  were  considered  to  be  due 
to  a  previous  attack  of  gonorrhea,  but  there  is  no  evidence  to  substantiate 
this  theory.  Treatment  should  be  designed  to  relieve  pressure  from  the 
OS  calcis  by  means  of  special  plates  and  shoe  corrections.  Occasionally, 
relief  can  be  hastened  by  repeated  injections  of  novocaine  into  the  painful 
area.  Operative  intervention  is  to  be  avoided  as  the  results  after  opera- 
tion arc  extremeh^  unsatisfactory. 

Painful  posterior  bursitis  of  the  heel:  Another  variety  of  painful  heel, 
less  common  than  the  preceding,  is  posterior  bursitis  of  the  os  calcis.  The 
bursa  that  lies  posterior  to  the  insertion  of  the  tendo  achillcs  is  pressed 
between  the  os  calcis  and  the  shoe.  Usually,  poorly  fitting  shoes  start  the 
vicious  circle.  Due  to  irritation,  increased  bone  proliferation  occurs  and 
the  pressure  becomes  more  marked  even  with  well-fitting  shoes.  Surgical 
removal  of  the  bursa  is  usually  followed  by  a  recurrence.  A  plastic  opera- 
tion on  the  heel,  such  as  the  procedure  devised  by  Zadek  (2),  will  effec- 
tively cure  the  condition. 

In  addition  to  the  specific  sj'ndromes  enumerated  above,  miscellaneous 
callous  areas  may  develop  on  normal  or  abnormal  feet  due  to  deviations  in 
gait  or  structure.  Callous  at  the  mesial  aspect  of  the  great  toe  and  beneath 
the  fifth  metatarsal  head  are  the  most  frequent  locations.    Attempts  should 
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be  made  to  roliovo  the  piessurc  by  shoe  corrections  if  necessary,  and  if 
unsuccessful,  the  local  pathology  should  be  carefully  studied  and  surgical 
means  devised  to  remove  the  underlying  bony  projection. 

Painful  lesions  of  the  feet  should  not  be  casually  treated  by  the  surgeon 
or  orthopedist.  They  cause  symptoms  out  of  all  proportion  to  their  size 
and  seeming  importance. 
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This  lesion  is  of  interest  to  the  cUnician  because  it  is  most  often  a  com- 
plication of  chronic  rheumatic  cardiovalvular  disease.  Any  cardiac  lesion 
associated  with  arrythmia,  such  as  auricular  fibrillation,  may  be  the  source 
of  emboli  to  the  kidneys  with  resulting  infarction.  In  addition  to  rheu- 
matic disease,  arrythmia  may  be  associated  with  arteriosclerotic  and  th}-- 
rotoxic  heart  disease.  Mural  thrombi  from  myocardial  infarction  due  to 
coronary  thrombosis  maj'  also  lead  to  embolization.  In  bacterial  endo- 
carditis the  emboli  usually  contain  bacteria  and,  therefore,  these  lesions 
are  outside  the  scope  of  this  communication.  To  the  surgeon,  acute  in- 
farction of  the  kidnej'  may  afford  a  diagnostic  problem.  It  may  simulate 
acute  surgical  lesions  such  as  intestinal  obstruction,  acute  cholecystitis  or 
appendicitis,  and  peritonitis  resulting  from  perforation  of  a  viscus,  or  an 
acute  renal  colic.  Occasionally  nephrectomy  has  been  performed  on  an 
infarcted  kidney  because  of  an  erroneous  clinical  diagnosis.  Old  small 
infarcts  of  a  kidney  mQ,y  cause  pyelographic  changes  suggesting  renal  dis- 
ease such  as  neoplasm.    I  have  observed  one  such  case. 

The  case  reported  here  was  clinically  proved  to  be  a  rather  exteiLsively 
infarcted  kidney  by  excretory  urogram  and  cystoscopy,  but  a  subsequent 
increasing  blood  pressure  suggested  that  the  blood  supply  was  only  par- 
tially blocked.  Incidentally,  the  increasing  tension  was  followed  by  heart 
failure,  and  the  problem  arttse  as  to  whether  nephrectomy  was  not  indi- 
cated.   However,  the  patient's  general  condition  precluded  any  surgery. 

CASE  REPORT 

History.  (Adm.  437530).  The  patient  was  a  26  year  old  unmarried  salesgirl, 
who  was  first  seen  at  home  in  urological  consultation  on  March  13,  1939  for  an  acute 
attack  of  severe  right  renal  colic  associated  with  a  fever  of  103. 6°F.  She  was  re- 
ferred to  the  hospital  and  admitted  to  Dr.  Baehr's  Service  two  da3'S  later.  It  was 
learned  that  at  the  age  of  four  years  she  was  said  to  have  had  "rheumatism."  For 
the  previous  eight  years  heart  disease  was  known  to  have  been  present  following  a 
febrile  attack.  During  this  period  she  had  been  hospitalized  several  times  at  other 
institutions  because  of  cardiac  symptoms  consisting  of  dyspnea,  precordial  pain, 
palpitation,  and  was  told  that  she  had  an  enlarged  heart  and  liver.  During  the 
previous  year,  cough  and  brown  streaked  sputum  had  been  present.  During  the 
month  prior  to  admission  she  had  abdominal  pain,  nausea,  and  vomiting  and  had 
been  taking  digitalis  because  of  irregular  cardiac  rhythm.  Two  weeks  before  ad- 
mission swelling  of  the  ankles  was  noted  for  the  first  time  and  muscular  pains  were 
present.   Acute  right  loin  pain  radiating  to  the  right  groin  commenced  four  days 

1  Presented  at  the  Monthly  Urological  Conference,  The  Mount  Sinai  Hospital  on 
April  10,  1939. 
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before  admission,  lasted  ten  hours,  anil  was  not  accompanied  by  hematuria.  The 
family  physician  found  marked  loin  tenderness. 

Examination.  She  appeared  well  developed,  well  nourished  and  not  acutel}'  ill. 
Her  chest  was  clear  to  percussion  and  auscultation.  The  cardiac  sounds  were  of  good 
quality.  There  was  a  long  rumbling  diastolic  murmur  at  the  apex.  The  pulmonic 
second  sound  was  accentuated.  The  rhj'thm  was  completely  irregular  but  slow. 
The  blood  pressure  was  118  systolic  and  60  diastolic.  Abdominal  examination  re- 
vealed an  enlarged  slightly  tender  liver  and  a  non-tender  tip  of  the  spleen.  There 
was  right  costo-vertcbral  angle  tenderness.  The  rest  of  the  examination  was  essen- 
tially negative.  The  temperature  on  admission  to  the  hospital  was  100.4°P\  and  the 
diagnosis  of  rheumatic  heart  disease,  congestive  failure  and  right  renal  infarction 
was  made. 

Laboratory  Data.  The  urine  examination  showed  a  specific  gravity  of  1026,  a 
trace  of  albumin,  and  an  occasional  white  blood  cell.  Daily  urine  examinations  for 
the  next  two  weeks  showed  the  same  findings  with  a  very  rare  red  blood  cell  in  the 
sediment.  The  sedimentation  time  was  23  minutes  for  18  mm.  Blood  examina- 
tion revealed  hemoglobin  65  per  cent,  white  blood  cells  12,000  with  78  per  cent  poly- 
morphonuclear leucocytes.  The  venous  pressure  was  7|  cm.  rising  to  13  cm.  on  right 
upper  quadrant  pressure,  the  saccharine  time  was  25  seconds.  The  blood  urea 
nitrogen  was  12  mg.  per  cent,  and  the  total  protein  was  5.3  mg.  per  cent.  The  blood 
Wassorniann  reaction  was  negative.  An  electrocardiogram  revealed  an  auricular 
fibrillation  with  slow  ventricidar  rate,  right  axis  deviation  and  depressed  R-T  tran- 
sitions in  leads  II  and  III,  with  T  wave  changes  attributed  to  digitalis. 

I'rological  Investigation.  Examination  of  the  abdomen  by  x-ray  showed  an 
apparent  enlargement  of  the  liver  and  spleen,  but  normal  sized  and  shaped  kidneys. 
An  excretory  urogram  showed  no  visualization  of  the  right  upper  urinary  tract 
whereas  the  left  appeared  to  be  normal.  On  cystoscopy,  the  bladder  and  ureteral 
orifices  appeared  normal.  Both  ureters  were  catheterized  the  full  distance  to  the 
pelves.  There  was  a  prompt  flow  from  the  left  side  with  excellent  indigocarmine 
excretion.  On  the  right  side,  no  flow  was  obtained  either  spontaneously  or  after 
injecting  solution.  A  right  ureteropyelogram  was  then  performed.  This  failed  to 
show  any  abnormality. 

From  these  findings,  namely,  non-function  by  excretory  pyelography  and  cysto- 
scopy with  a  normal  retrograde  pyelogram  and  with  the  clinical  picture  of  severe 
acute  loin  pain  in  the  presence  of  rheumatic  heart  disease  and  auricular  fibrillation, 
the  diagnosis  of  a  renal  arterial  embolization  and  infarction  seemed  obvious.  The 
absence  of  any  history  or  evidence  of  hematuria  or  hemoglobinuria  was  noteworthy. 

Course.  About  two  weeks  after  admission  and  following  an  initial  improvement 
the  patient  began  to  have  dyspnea  and  orthopnea  with  tachycardia  and  moist  rales 
at  the  bases.  The  blood  pressure  was  145  systolic  and  90  diastolic.  Evidences  of 
slight  generalized  and  sacral  edema  were  noted.  Her  temperature  was  101°F.  Sev- 
eral days  later,  her  ventricular  rate  was  120,  while  the  radial  pulse  rate  was  85  per 
minute.  Cardiac  murmurs  previously  heard  were  not  audible.  In  addition  there 
were  signs  of  fluid  at  the  right  base.  Salicylates  were  administered  and  given  to 
saturation.  Her  blood  pressure  had  risen  to  170  systolic  and  100  diastolic.  There 
was  no  azotemia,  and  the  urinary  concentration  seemed  adequate.  It  appeared 
that  in  view  of  the  rising  blood  pressure,  renal  ischemia  due  to  incomplete  blockage 
of  the  renal  blood  supply  might  be  the  etiological  factor  as  in  the  experimental  hy- 
pertension of  Goldblatt  (10,  11).  Inasmuch  as  there  was  increasing  heart  failure 
due  to  the  rising  vascular  tension,  the  question  arose  as  to  whether  right  nephrectomy 
might  not  be  indicated.  The  increased  blood  pressure  persisted  but  the  patient's 
condition  was  such  that  she  could  not  survive  a  nephrectomy.  Hope  was  expressed 
that  with  healing  of  the  infarct,  the  hypertension  might  subside.    Parenteral  digi- 
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talis  medication  resulted  in  a  slowing  of  the  cardiac  rate;  the  blood  pressure  remained 
elevated.  The  congestive  failure  increased  in  spite  of  the  usual  diuretic  medication 
and  she  died  four  weeks  after  admission.    Unfortunately  no  necropsy  was  obtained. 

DISCUSSION 

Aseptic  infarction  of  the  kidney  has  only  been  occasionally  discussed  in 
the  literature  since  Traube  (1)  reported  the  first  proven  case.  The  major- 
ity of  cases  particularly  the  smaller  infarctions  are  not  clinically  recogniza- 
ble because  they  have  no  symptoms  (2,  3).  Hoxie  and  Coggin  (3)  found 
the  incidence  of  aU  types  of  infarction  to  be  1.4  per  cent  of  a  total  of  14,411 
autopsies. 

Embolism  of  the  main  renal  artery  or  its  branches  is  one  of  the  more 
common  causes  of  aseptic  infarction.  The  cause  of  the  embolLsm  is  most 
often  cardiac  disease  with  auricular  fibrillation  and  usually  rheumatic  in 
origin.  Other  conditions  may  lead  to  infarction  such  as  thrombosis  of 
the  renal  artery  brought  about  by  local  traumatic  or  infectious  disease. 
Aseptic  emboli  may  arise  from  places  other  than  the  heart  and  rarely  from 
peripheral  veins  in  the  presence  of  an  open  interventricular  septum  or 
patent  foramen  ovale.  Idiopathic  infarction  has  occurred,  as  was  recently 
reported  by  Sheppard  (4),  in  a  young  adult.  Barney  and  Mintz  (2)  found 
a  normal  heart  in  onlj'  6  out  of  136  post-mortem  examinations  whereas  in  95 
per  cent  of  their  cases  the  heart  and  its  valves  showed  changes. 

The  symptoms  may  vary  from  none,  to  sudden  severe  pain  in  the  abdo- 
men and  flank  accompanied  by  nausea,  vomiting,  fever,  and  prostration. 
Temperature  may  be  absent  or  rise  to  103  to  104°F.  The  physical  signs 
ma.y  point  to  the  kidney,  \\dth  tenderness  and  rigidity  of  the  loin,  costo- 
vertebral areas  and  even  the  upper  abdomen  anteriorly. 

The  findings  in  the  urine  are  of  particular  interest  because  contrary  to 
expectation  hematuria  may  be  absent.  Hoxie  and  Coggin  (3)  found  that 
only  30  per  cent  of  117  cases  had  hematuria  of  which  4  had  gross  hematuria. 
In  fact,  the  urine  may  show  no  changes  at  all.  Albuminuria  was  the  most 
constant  abnormality  found  by  Aschner  (5)  in  his  series  of  18  cases  2  of 
which  were  from  this  hospital.  Other  observers  (6,  7)  have  confirmed  the 
frequency  of  albuminuria.  Occasionally,  hemoglobinuria  may  be  present 
and  found  to  be  unilateral  hy  cystoscopy  (Libman  and  Fishberg  (8)). 

In  a  patient  with  a  source  for  an  embolus  and  with  localizing  acute  symp- 
toms referable  to  the  kidney,  confirmation  of  the  diagnosis  of  infarction 
may  be  helped  by  urological  studies.  In  the  first  place,  plain  roentgeno- 
graphic  studies  of  the  abdomen  will  show  normal  outlines  of  the  kidneys 
with  no  evidences  of  calculi.  On  excretory  urogram  no  visualization  will 
be  present  in  the  severer  infarctions  while  poor  visualization  may  result 
from  smaller  infarctions.  C3^stoscopic  examination  will  confirm  the  ex- 
cretory urogram.  The  findings  maj'  vary  from  no  function  as  in  this  case 
to  diminished  or  fair  function  depending  on  the  amount  of  infarction. 
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Probably  the  most  interesting  feature  of  this  case  was  the  development, 
about  and  two  one-half  weeks  aftei-  infarction,  of  increasing  blood  pressure 
which  may  have  been  contributory  to  the  uncontrollable  cardiac  failure. 
Undoubtedly  if  the  patient's  condition  had  warranted  the  risk,  nephrectomy 
would  definitely  ha\  e  been  indicated  in  the  presence  of  her  rising  and  per- 
sistent hypertension.  Incidentally  it  was  obvious  that  the  rise  in  blood 
pressure  was  not  due  to  an  improvement  in  her  cardiac  status  because  the 
opposite  condition  was  apparent.  The  association  of  hypertension  with 
renal  infarction  is  rare.  Fishberg  (12)  observed  hypertension  developing 
after  typical  embolism  of  the  renal  artery  in  a  patient  who  was  admitted 
for  myocardial  infarction.  In  the  series  of  Hoxie  and  Coggin  (3)  previ- 
ously mentioned,  although  34  per  cent  of  the  patients  had  a  blood  pressure 
over  140  systolic  and  90  diastolic,  in  no  instance  could  the  rise  in  blood  pres- 
sure be  proved  as  due  to  renal  arterial  embolization. 

Of  twent}'-one  other  clinical  cases  of  aseptic  infarction  observed  at  this 
hospital  between  1928  and  1940  onlj-  two  had  hypertension.  In  one  case 
with  rheumatic  cardiovalvular  disease,  some  elevation  of  the  blood  pres- 
sure was  noted  three  years  after  the  patient  had  her  infarction.  In  the 
other  case  a  temporary  hypertension  was  noted  some  time  after  infarction, 
but  several  years  later,  the  blood  pressure  was  found  to  be  normal  again. 
We  have  observed  many  patients  with  old  infarcts  of  the  kidney  at  necropsy 
who  did  not  have  hypertension  so  that,  although  occasionally  hypertension 
may  follow  infarction,  persistent  hypertension  cannot  be  considered  a  typi- 
cal sequel  to  infarction.  In  this  connection,  the  experimental  observation 
of  Cash  (9)  should  be  mentioned.  He  found  that  where  the  total  kidney 
mass  was  reduced  by  one-half  (nephrectomy)  ligation  of  the  blood  supply 
to  a  portion  of  the  remaining  kidney  was  followed  by  an  increased  systolic 
and  diastolic  blood  pressure. 

The  treatment  of  infarction  of  the  kidney  should  be  conservative.  Sur- 
gcr.y  will  not  be  indicated  except  in  the  unusual  case  where  hypertension 
develops. 
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DIFFKREXTIAL   DIACIXOSIS  OF  SOLITARY  CYSTIC  AREAS 

IN  BONE 


EDGAR  IM.  BICK,  M.D.,  F.A.C.S 
[From  the  Orthopedic  Service  of  Dr.  K.  K.  Lippmann] 

In  occasional  patients  with  symptoms  of  skeletal  disease  x-ray  examina- 
tion discloses  a  solitary  cyst-like  area  of  rarefaction  in  bone,  unaccompanied 
by  any  other  percei)tible  abnormality  in  physical  status,  l)lood  cytology, 
or  blood  chemistry-.  Such  ca^^es  are  difficult  problems  in  diagnosis  and 
in  therapj'.  Too  often  in  our  experience  aspiration  biopsy  fails  to  deter- 
mine the  histology  of  the  lesion,  so  that  more  and  more  attention  is  paid 
to  the  clinical  history  and  especially  to  the  details  of  structure  seen  on 
x-ray  films.  By  such  means  one  may  limit  the  probabilities  to  a  surpris- 
ingly small  number  and  arrive  at  a  ''working  diagnosis"  before  operation. 

For  purposes  of  therapy  these  lesions  must  be  classified  into  a  few  major 
groups,  each  with  its  own  plan  of  action,  so  that  unnecessary  risk  or  un- 
necessary mutilation  are  avoided  as  completely  as  possible.  Obviouslj' 
this  is  an  ideal  which  cannot  invariably  be  met,  but  with  increasing  experi- 
ence, can  be  verj-  closely  approached.  The  following  Table  of  Therapeutic 
Groups  is  suggested,  in  each  of  which  examples  are  given  of  the  more  com- 
mon types  of  -•solitary  cyst -like  lesion. 

Group  I.  Obviously  malignant  neoplasms. 

1.  Osteolytic  osteogenic  sarcoma. 

2.  Metastatic  osteolytic  carcinoma,  metastatic  hypernephroma. 

3.  Chondromyxosarcoma  (or  its  derivatives). 
Group  II.    Neoplasms  of  potential  malignancy. 

1.  Chondromyxoma  (or  its  derivatives). 

2.  Neurofibroma  of  bone. 

3.  Fibroblastic  tumors  of  bone. 
Group  III.  Benign  neoplasms. 

1.  Chrondroma. 

2.  Myxoma. 

3.  Giant  cell  tumor. 

4.  Osteoid  osteoma. 

Group  IV.  Cystic  degeneration  (with  or  without  metabolic  deposits). 

1.  Fibrocystic  disease  (including  its  several  variants  of  unknown  or  question- 

able etiology,  e.g.,  solitary  bone  cj'st,  polyostotic  fibrous  dysplasia). 

2.  Xanthoma  (including  localized  xanthoma  of  bone,  and  diseases  of  lipoid 

metabolism). 

3.  Gout. 

4.  Osteoarthrosis  (which  may  show  cystic  areas  especially  in  the  femoral 

head  before  joint  deformity  is  apparent). 
Group  V.  Infections. 

1.  Chronic  bone  abscess  (Brodie). 

2.  Osteoperiostitis  albuminosa. 

3.  r^chinococcus  cyst. 
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4.  Staphylococcal  osteomyelitis. 

5.  Tuberculosis  (caries  sicca). 

6.  Syphilis  (gumma). 

It  should  be  noted  that  among  the  lesions  listed  are  some  which  are  part 
of  a  generalized  disease  which  may,  at  some  stage  in  its  development, 
present  an  apparent  solitary  focus  in  bone. 

The  most  important  qualitative  determination  required  in  this  type  of 
lesion  is  evidence  concerning  malignancy.  Two  characteristics  of  malig- 
nancy are  usually  demonstrable  on  the  x-ray  film.  The  first  is  evidence 
of  rapid  development  or  rapid  spread,  such  as  mottling  and  partial  destruc- 
tion of  tissue.  The  second  is  evidence  that  the  cortex  of  the  bone  has 
been  broken  through.  Either  of  these  suggests  malignancy,  but  may  also 
occur  in  rapidly  spreading  acute  infections.  The  clinical  history  will 
usually  differentiate  the  two  conditions.  Conversely,  a  clear  area,  well 
demarcated,  indicates  an  old,  quiescent  or  slowly  developing  process. 
When  this  is  confirmed  by  an  unbroken  cortex  one  is  reasonably  certain 
of  a  benign  process. 

A  clear,  well  defined,  and  evenly  demarcated  cystic  area  may  present  a 
completely  vacant  appearance  (almost  glistening  in  a  good  plate)  or  it 
may  show  a  distinct  coarse  latticework  within  it.  In  the  former  instance, 
there  is  apt  to  be  a  sharp  border  to  the  cavit}^;  in  the  latter,  the  margin 
is  not  quite  so  sharp.  In  the  case  of  a  clear  space,  bone  has  been  entirely 
replaced  by  another  tissue,  usually  cartilage  or  chondromyxomatous  tissue; 
when  trabeculae  can  be  seen,  as  in  the  second  case,  replacement  has  taken 
place  slowly  and  consists  usually  of  fibrous,  or  fibrocartilaginous  or  fibro- 
xanthomatous  tissue.  Other  lipoid  or  metabolic  deposits  may  present  the 
same  appearance. 

During  the  development  of  these  processes,  long  bones  may  or  may  not 
be  found  to  have  expanded  in  circumference.  An  expansile  lesion  does 
not  necessarily  indicate  malignancy.  Polyostotic  fibrous  dysplasia,  for 
example,  causes  considerable  expansion  in  bone.  Expansion  is  in  many 
cases  a  protective  reaction  in  the  nature  of  an  osteogenetic  attempt  to 
confine  a  growing  lesion.  In  other  cases  the  expanding  osteogenesis  may 
be  actually  part  of  a  tumor  formation.  In  any  event,  however,  it  marks 
progressive,  though  not  rapid,  growth  of  the  pathologic  tissue. 

Another  feature  recognizable  on  the  x-ray  film  is  the  density  of  the  bone 
area  surrounding  the  lesion.  If  it  is  increased,  it  signifies  protective 
sclerosis,  and  one  may  anticipate  a  low  grade  inflammatorj''  lesion,  or  a 
slowly  growing  neoplasm.  It  may  be  unchanged  in  comparison  with  the 
rest  of  the  bone,  signifying  a  benign,  innocuous  lesion.  On  the  other  hand, 
it  may  be  atrophic  or  porotic  from  contiguous  hyperemia,  indicating  an 
active  infection.  In  the  writer's  experience,  the  appearance  of  the  peri- 
osteum at  the  level  of  the  lesion  is  not  so  instructive  as  is  the  texture  of 
the  bone  itself,  and  in  the  case  of  cyst-like  lesions  is  seldom  helpful. 
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The  following  outline  may  serve  to  systematize  the  above  steps  in  x-ray 
interpretation  of  solitaiy  osteolytic  lesions: 

1.  Rapidity  of  spread. 

a.  Mottling  or  moth-eaten  appearance  of  bone  surrounding  a  cystic  lesion 

is  indicative  of  a  rapidly  spreading  process. 

b.  Clear,  well  demarcated  areas  indicates  slow  spread  or  quiescence. 

2.  Cortex  of  the  bone. 

a.  When  broken  or  pierced  indicates  neoplasm  infiltrating  surrounding 

soft  tissue. 

b.  When  unbroken  suggests,  in  the  absence  of  clinical  evidence  of  infection, 

a  benign  process. 

3.  Nature  of  the  cavity. 

a.  Crystal  clear  appearance  suggests  a  chondroid  or  myxomatous  lesion. 

b.  Clear,  but  not  glistening  appearance  suggests  a  simple  cystic  cavity, 

probably  partly  occupied  with  granulation  tissue  or  old  blood. 

c.  Coarse  latticework  of  trabeculae  suggests  a  deposition  or  substitution 

lesion  (fibrous,  xanthomatous,  etc). 

4.  Margin  of  the  cavity.  / 

a.  Sharp  margins  indicate  a  well  localized,  more  or  less  static  process. 

b.  Irregular  margins  suggest  a  slowly  developing  lesion. 

c.  Absence  of  a  definable  marginal  line  usually  coincides  with  the  mottling 

of  an  infiltrative,  and  therefore  rapidly  progressive  process. 

5.  Expansile  lesions  are  slowly  progressive;  non-expansibility  is,  in  itself,  not 

significant. 

6.  Reaction  of  bone  in  areas  contiguous  to  the  cavity. 

a.  Decreased  density  suggests  the  presence  of  active  hyperemia. 

b.  Increased  density  suggests  a  sluggish  process  stimulating  a  protective 

reaction.  This  corresponds  to  a  fibrous  "walling-off"  of  similar 
reactions  in  soft-tissues. 

c.  Density  unchanged  from  the  general  texture  of  the  whole  bone  indicates 

a  static  or  very  slowly  progressive,  non-productive  lesion. 

d.  Mottled  areas  surrounding  the  lesion  (see  Sec.  1). 

Note:  a  and  b,  or  b  and  d,  or  a,  b  and  d  may  be  present  together,  and  indicate  a 
lesion  producing  these  respective  reactions  simultaneously. 

When  these  steps  in  interpreting  the  x-ray  appearance  arc  added  to 
clinical  ob.';ervations,  such  as  the  presence  or  absence  of  fever,  of  loss  of 
weight,  of  local  pain,  of  history  of  injury,  etc.,  diagnosis  may  be  greatly 
simplified.  Bone  reacts  in  a  fashion  comparable  to  that  of  soft  tissues  to 
some  extent.  One  can  infer  from  x-ray  films  the  "angry"  reaction  sur- 
roimding  acute  infectious  proces.ses,  the  "protective"  reaction  around  slow 
growing  neoplasms  or  low  grade  infections,  the  "melting  away"  produced 
b}'  a  highly  destructive  neoplasm,  and  the  complete  "apathy"  of  surround- 
ing bone  in  the  presence  of  a  benign  neoplasm  or  quiescent  abscess. 

Three  unu.sual  cases  treated  by  the  Orthopedic  Service  within  the  past 
year  will  serve  as  examples.  The  first  case  was  that  of  a  woman,  48  years 
of  age,  who  was  admitted  with  a  history  of  generalized  rheumatic  pains 
for  fifteen  j'ears  and  recurrent  sharp  pains  in  the  lower  half  of  the  left 
forearm  of  four  years'  duration.    The  admi.ssion  diagnosis  was  rheumatoid 
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arthritis,  but  because  of  the  severity  of  pain  in  the  forearm,  an  x-ray 
exammation  of  this  area  was  ordered  (fig.  1).  This  disclosed  a  subcortical, 
solitary,  cystic  lesion  of  the  ulna  about  one  inch  above  the  styloid  process. 
Upon  analysis,  it  was  found  to  fit  into  the  following  pattern:  1)  Texture 
crystal  clear,  well  demarcated;  2)  cortex  unbroken;  3)  margins  rather 
sharply  drawn;  4)  growth  not  expansile;  5)  surrounding  bone  without 
reaction.  These  findings  mdicated  a  static  or  very  slowly  progressive 
lesion.  The  moderate  local  tenderness,  the  absence  of  local  heat,  or  sys- 
temic fever,  and  the  sharpness  of  the  margins  presumptively  excluded  an 


Fig.  1.  X-ray  examination  revealed  a  subcortical,  solitary,  cystic  lesion  of  the 
ulna  about  one  inch  above  the  styloid  process. 

infectious  proce.ss.  The  ciystal  clear  appearance  of  the  lesion  in  the  x-ray 
film  indicated  a  chondroid  or  myxomatous  le.sion.  In  spite  of  the  rarity 
of  chondroma  or  myxoma  in  this  part  of  the  skeleton,  a  working  diagnosis 
of  benign  chondroid  or  myxomatous  tumor  was  made  and  operation  ad- 
vised. The  location  of  the  lesion  at  the  lower  end  of  the  ulna  made  resec- 
tion feasible  without  significant  deformity  or  dysfunction.  Because  of 
the  fear  that  surgical  trauma  to  a  benign  chondroma  or  myxoma  may 
provoke  malignant  metaplasia  or  at  least  recurrence,  the  lesion  was 
removed  intact  by  resection  of  the  ulnar  styloid  and  lower  shaft  was 
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performed.  Subsequent  pathological  examination  confirmed  the  diagno- 
sis. In  this  case,  the  lesion  was  so  clearly  placed  in  a  '"therapeutic" 
category,  that  no  alternative  procedures  had  been  planned. 

The  second  case,  a  girl  of  12,  was  admitted  to  the  Orthopedic  Service 
with  a  painful  mass  over  the  sterno-clavicular  jouit  of  one  year's  duration. 
A  recent  injury  had  cau.sed  exacerbation  of  the  pain  and  swelling.  X-ray 
examination  (fig.  2)  di.-^clo.-^ed  a  large  cystic  area  involving  the  sternal  end  of 
the  left  clavicle.  A  coar.se  trabecular  latticework  extended  through  the 
entire  area.  The  cortex  was  broken  in  a  manner  indicating  fracture  rather 
than  extrusion  of  growing  tissu(>.    TluM-e  was  no  significant  sclerosis  of  the 


Fig.  2.  X-ray  cxamiiuuiun  disclosed  a  large  cystic  area  involving  the  sternal  end 
of  the  left  clavicle. 

surrounding  bone,  but  an  ill-defined  margin  could  be  distinguished.  In 
view  of  the  location  of  the  epiphyseal  area  of  the  bone  and  the  age  of  the 
patient  these  x-ray  characteristics  suggested  a  giant-cell  tumor,  but  because 
of  the  pathological  fracture  one  could  not  eliminate  the  po.ssibilit}'  of  a  more 
malignant  lesion.  Moreover,  giant-cell  tumors  are  extremely  rare  at  this 
site. 

This  ca.se  was  placed  into  group  III,  with  the  po.ssibility  of  group  II  in 
mind.  In  either  instance,  surgery  was  indicated.  Frozen  .section  studies 
were  arranged  for  at  the  time  of  operation,  not  .«o  much  for  accurate 
histologic  diagnosis,  but  to  determine  the  pos.sible  presence  of  malignancy. 
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The  pathologist  diagnosed  the  frozen  section  tissue  as  belonging  unequivo- 
cally to  the  giant-cell  tumor  group,  and  therefore  the  lesion  was  thoroughly- 
curetted,  but  no  resection  was  made.  Further  pathologic  study  confirmed 
the  diagnosis. 

The  third  case  is  an  example  of  another  application  of  the  advantages  of 
therapeutic  grouping.  In  this  case,  the  actual  diagnosis  proved  to  be 
wrong,  but  because  a  proper  grouping  had  been  arrived  at,  the  treatment 
was  correct.  A  boy,  age  7,  was  admitted  to  the  Orthopedic  Service  because 
of  a  solitary  cystic  lesion  discovered  in  his  right  calcaneus.  There  was  a 
history  of  recent  injury  and  some  local  tenderness.  The  x-ray  film  (fig.  3) 
showed  an  obviously  benign  lesion,  with  little  or  no  surrounding  bone  reac- 
tion, a  clear  matrix  and  questionable  trabecular  lattice-work.  Because  of 
the  local  tenderness,  a  working  diagnosis  of  quiescent  absce.ss  activated  by 
recent  injury  was  made.    This  placed  the  lesion  in  group  V.    Its  central 


location  and  clear  margins,  the  absence  of  surrounding  tissue  involvement, 
and  the  negative  Wassermann  reaction  eliminated  other  considerations 
within  the  group.  However,  certain  members  of  group  III  or  IV  could  not 
be  altogether  eliminated.  In  either  case  the  therapeutic  indication  was  for 
exploration,  curettement,  and,  becau.se  of  the  large  size,  the  u.se  of  bone 
chips  from  the  tibia.  No  alternative  procedures  were  entertained  because 
none  were  indicated  by  the  grouping.  Pathological  study  of  the  tissue 
showed  a  distinct  myxomatous  structure.  Hence  the  diagnosis  was  myx- 
oma  of  bone.  This  lesion  is  most  unusual,  and,  in  the  calcaneus,  exti-emely 
rare. 

CONCLUSIONS 

Three  rare  lesions  producing  solitary'-  cystic  areas  in  bone  were  recently 
admitted  to  the  Orthopedic  Service.    The  diagnosis  of  such  lesions  presents 


DIAGNOSIS  OF  SOI.rr.VHY  CYSTIC    \HK\S  IN  HONK 


1231 


a  eomplieatocl  and  frcciuontly  insolul)le  problem.  Too  often  aspiration 
biopsy  is  inefficient  and  diagnosis  must  rest  upon  clinical  and  x-ray  studies. 
These  lesions  are  shown  to  fall  into  a  relatively  simple  series  of  groups  when 
considered  from  the  therapeutic  viewpoint,  even  though  their  histology  may 
differ  greatly.  When  so  considered,  the  surgeon  is  usually  enabled  to  plan 
his  operativ(>  approach  intelligently.  Secondary  o]jerations  can  thereby 
often  be  ax  oided,  and  conversely  unnecessarily  mutilating  operations  can  be 
forestalled.  P^-ozen  .section  studies  at  the  operating  table  ar(>  indispensable 
when  one  (;\aluates  their  purpose  pioperly.  They  cannot  be  depended 
upon  to  certify  a  histologic  diagnosis  or  grade  of  malignancy;  they  may  be 
depended  upon  to  specify  the  presence  of  active  malignancy  or  the  absolute 
or  relative  benignancy  of  a  given  lesion. 


INCIDENCE  OF  HYPERTENSION  IN  PEOPLE  OF  FORTY  YEARS 
OF  AGE  AND  OLDER 


ARTHUR  M.  MASTER,  M.D.,  and  SIMON  DACK,  M.D. 
[From  the  Cardiographic  Laboratory  and  the  Services  of  The  Mount  Sinai  Hospital] 

It  has  been  our  impression  during  the  last  few  years  that  the  incidence 
of  hypertension  in  the  general  population  over  the  age  of  40  is  considerably 
higher  than  has  been  suspected.  We  pointed  this  out  recently  (1)  when, 
in  an  attempt  to  evaluate  the  importance  of  hypertension  in  the  etiology 
of  coronary  artery  occlusion,  it  was  necessary  to  compare  the  prevalence 
of  hypertension  in  the  middle  aged  and  older  persons  in  the  general  popu- 
lation with  that  of  patients  with  coronary  occlusion.  From  the  data  of 
several  published  reports  we  calculated  that  the  incidence  of  hypertension 
in  42,000  persons  was  approximately  26  per  cent  at  the  age  of  55  and  45 
per  cent  above  the  age  of  65. 

The  problem  now  assumes  even  greater  importance  since  the  population 
is  aging  rapidly.  According  to  a  recent  New  York  Department  of  Health 
Bulletin  (2)  the  follo\\ing  is  a  picture  of  the  New  York  City  population 
from  the  years  1900  to  1940  by  ten  year  periods: 


PERIOD 

45-64  YEARS 

65  AND  OVER 

1900 

13.1% 

2.8% 

1910 

13.7 

2.8 

1920 

16.0 

3.1 

1930 

17.3 

3.8 

1940 

21.8 

5.5 

Actually,  in  1940  more  than  a  fourth  of  the  population  was  over  45  years 
of  age  and  of  course  the  number  beyond  40  would  be  larger  stUl. 

The  present  report  is  based  on  an  analysis  of  the  blood  pressure  of  5,686 
consecutive  patients  admitted  to  The  Mount  Sinai  Hospital  between  1938 
and  1941.  Our  procedure  was  to  copy  the  blood  pressure  on  the  charts  of 
patients  in  a  consecutive  order,  male  and  female,  over  40  years  of  age,  in- 
cluding those  on  medical,  surgical  or  specialty  wards.  If  more  than  one 
reading  was  recorded  we  took  the  average  and  if  only  one  observation  was 
recorded  we  accepted  it  as  it  appeared.  The  auscultatory  method  was 
used  in  the  hospital,  the  diastoUc  pressure  being  usually  the  first  disappear- 
ance of  sounds  although  undoubtedly  many  took  the  fifth  phase,  i.e.,  the 
complete  disappearance  of  sound.  A  systoUc  level  of  150  mm.  Hg.  or  more 
and  a  diastolic  level  of  90  mm.  Hg.  or  more  was  classed  as  hypertension. 

Results.  The  5,686  patients  studied  were  about  equally  di\aded  between 
the  sexes  (Table  I).    In  the  years  40  to  49  the  incidence  of  hypertension, 
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i.e.,  a  blood  pressure  of  150  systolic  and  90  diastolic  or  more,  was  about  32 
per  cent;  in  the  decade  50  to  59,  42  per  cent  for  men  and  51  per  cent  for 
women;  and  for  00  to  69  years,  47  per  cent  for  men  and  63  per  cent  for 
women.    As  is  well  known  there  is  thus  a  higher  incidence  of  hypertension 


TABLE  I 

Incidence  of  hypertension  in  males  and  females  forty  years  of  age  and  over 


AGE  GKOUP 

SEX 

NUMBES 

BVPEBTENSION 

40-49 

( 

M 

832 
1 9Q1 

32% 

50-59 

/ 
I 

M 
F 

965 
911 

42% 
51% 

60-69 

J 
I 

.M 
F 

672 
490 

47% 
63% 

70-89 

/ 
I 

M 

F 

329 
196 

52% 
62% 

Total  

A 

M 

2798 
2888 

42% 
48% 

5686 

TABLE  II 

Percentage  of  patients  admitted  for  hypertension  and  its  complications 
(Based  on  analysis  of  300  hypertensive  males  and  females  in  each  decade) 


AGE  GSOUF 

SEX 

ADIOTTEO  FOB  BVPEBTENSION 

40-49  1 

M 
F 

2.0% 
3.5% 

50-59  1 

M 
F 

5.2%  ■ 
7.7% 

60-69  1 

M 
F 

3.2% 
5.3% 

70-79  1 

M 
F 

4.8% 
8.5% 

in  women;  over  50  years  more  than  half  have  hypertension.  The.se  figures 
are  distinctly  higher  than  tho.se  obtained  from  the  few  available  published 
reports. 

Comment.  It  might  be  thought  that  hospital  patient.^  have  an  inordi- 
nately high  prevalence  of  hypertension  and  in  order  to  gauge  the  impor- 
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tance  of  this  we  sampled  300  male  and  female  patient  cards  of  the  hyper- 
tensive group  in  each  decade  (Table  II).  It  may  be  seen  that  of  all  the 
patients  who  had  hypertension  only  a  very  small  percentage  was  admitted 
for  this  or  for  an  illness  referable  to  the  hypertension.  We  included  the 
complications  of  high  blood  pressure  such  as  cerebral  hemorrhage,  heart 
failure  in  a  hypertensive  patient,  etc.  It  might  be  considered  unjustifiable 
to  accept  a  single  blood  pressure  reading  of  150  systohc  and  90  diastolic  or 
even  160  systolic  and  100  diastolic  as  evidence  of  hypertension.  However, 
we  accepted  readings  as  low  as  80  systolic  and  60  diastolic  in  patients  in 
shock  or  post-hemorrhage.  In  other  words,  single  low  readings  balanced 
the  high.  Nor  is  the  atmosphere  of  a  hospital  with  its  seriously  sick  pa- 
tients and  the  presence  of  doctors  and  nurses  to  be  given  too  much  con- 
sideration. Patients  at  The  Blount  Sinai  Hospital  practically  always 
receive  some  medication  to  allay  unrest  and  to  assuage  pain,  i.e.,  sedatives 
and  opiates.  Moreover,  the  large  majority  of  our  patients  had  many  read- 
ings taken  over  a  period  of  days  and  weeks.  To  further  evaluate  the  accu- 
racy of  single  readings  like  150  systolic  and  90  diastolic  we  have  had  many 
patients  return  for  a  follow-up  examination.  In  at  least  three-quarters  of 
the  cases  the  blood  pressure  was  still  high  and  usually  greater  than  the 
original  figure.    This  will  be  described  in  more  detail  in  a  later  publication. 

As  a  check  on  the  validity  of  our  results  we  have  determined  the  incidence 
of  hypertension  in  persons  employed  in  industry  and  those  residing  in  homes 
for  the  aged.  The  former  group  presented  a  slightly  lower  incidence  of 
hypertension  than  we  have  cited  but  it  is  probably  a  selected  group.  In 
the  homes  for  the  aged  there  is  decidedly  a  higher  incidence  than  in  our 
hospital  group.  These  results  are  probably  too  high  to  be  applied  to  the 
general  population  but  nevertheless  these  two  groups  give  us  added  assur- 
ances that  the  hospital  blood  pressure  readings  we  have  obtained  are  appli- 
cable to  the  general  population  as  a  whole. 

It  now  appears  that  the  adage  of  twenty  years  ago  that  the  systolic  blood 
pressure  should  be  100  plus  the  patient's  age  is  not  entirely  wrong.  It 
would  be  correct  perhaps  if  modified  to  say  that  a  systolic  blood  pressure 
equal  to  100  plus  the  patient's  age  may  not  be  abnormal  for  him. 

The  demonstration  of  the  increasing  incidence  of  hypertension  with  age 
does  not  necessarily  indicate  that  the  increased  blood  pres.sure  is  normal 
(i.e.,  not  pathological).  It  merely  means  that  such  abnormalities  as  hyper- 
tension are  common  in  the  aged,  and  may  in  fact  be  part  of  the  aging  proc- 
ess. The  relationship  of  such  hypertension  to  mortality  rate  cannot  be 
determined  from  these  studies. 

SUMMARY 

Hypertension,  i.e.,  a  systolic  blood  pressure  of  150  mm.  Hg  or  more  or 
a  diastohc  blood  pressure  of  90  mm.  Hg  or  more,  is  veiy  common  in  pa- 
tients forty  years  of  age  or  older  admitted  to  The  Mount  Sinai  Hospital. 
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In  the  fifth  decade  hypertension  is  present  in  32  to  33  per  cent,  in  the  sixth 
decade  in  42  to  51  per  cent,  in  the  seventh  decade  47  to  63  per  cent,  the 
first  number  applying  to  men,  the  second  to  women. 

Reasons  are  given  to  show  that  our  findings  hold  for  the  general  popu- 
lation in  the  countiy.  The  incidence  of  abnormally  high  blood  pressure 
increases  progressively  with  age  in  people  over  40  and  may  be  part  of  the 
aging  piocess. 
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CLINICAL  NEUROPATHOLOGICAL  CONFERENCE 


Joseph  H.  Globus,  M.D.,  presiding 

Monday,  February  10,  194.1 
Case  4*  Miiltiple  Brain  Abscesses 

[From  the  Surgical  Service  of  Dr.  H.  Neuhof] 

History  (Adm.  448799;  P.M.  11359).  A  nurse,  aged  29  years,  at- 
tempted suicide  by  hypodermic  injection  of  morphine  and  one  hour  and  a 
half  later  was  brought  to  another  hospital  in  coma.  She  was  given  arti- 
ficial respiration,  inhalations  of  carbon  dioxide  and  stimulants.  While 
being  treated,  she  coughed  up  large  amounts  of  blood-tinged  frothy  sputum. 
She  regained  consciousness  about  sixteen  hours  later.  During  that  period 
her  temperature  rose  to  102°F.  and  numerous  rales  were  heard  over  the 
right  upper  chest.  She  improved  gradually  and  left  the  hospital  four  days 
later,  still  coughing  and,  at  times,  bringing  up  blood-streaked  sputum.  One 
month  after  the  suicidal  attempt  her  sputum  became  profusely  bloody 
and  foul  smelling.  Her  temperature  became  elevated  and  she  had  dysp- 
nea. She  returned  to  the  hospital  and  remained  there  for  almost  one 
month,  during  which  time  her  temperature  remained  elevated,  reaching  as 
high  as  105°F.  She  expectorated  large  amounts  of  foul  sputum,  at  times 
as  much  as  ten  ounces  in  one  day.  A  culture  of  the  sputum  revealed 
anerobic  streptococci.  The  white  blood  count  was  increased.  She  was 
treated  with  sulfapyridine  and  given  several  blood  transfusions  \\-ithout 
appreciable  change  in  her  condition,  and  she  was  brought  to  this  hospital 
on  November  16,  1939,  two  months  after  her  suicidal  attempt. 

Examination.  She  appeared  to  be  acuteh'  ill,  somewhat  emaciated  and  dyspneic. 
Her  temperature  was  100. 4°F.  and  her  pulse  rate  was  90  per  minute.  There  was  some 
clubbing  of  the  fingers.  Dullness  was  noted  on  percussion  over  the  right  upper  chest, 
shoulder  and  back.  Numerous  rales  were  heard  anteriorly  and  high  in  the  right 
axilla. 

Laboratory  Data.  Blood:  Hemoglobin,  69  per  cent;  white  cell  count  20,000  with 
81  per  cent  polymorphonuclear  leucocytes.  An  x-ray  examination  of  the  chest 
showed  infiltration  of  the  right  upper  lobe  with  large  cavities  in  the  apex  and  in  the 
paravertebral  segment  of  the  right  upper  lobe.  There  was  also  an  infiltration  of  the 
left  upper  lobe. 

Course.  A  thoracotomy  was  performed  on  the  day  of  admission.  A  large  trilocu- 
lar  putrid  abscess  was  found  in  the  lung  after  excision  of  the  fourth  rib  posteriorly  on 
the  right  side.  A  large  bronchial  fistula  was  established  and  the  loculations  were 
packed  in  the  usual  manner.  On  the  fifth  postoperative  day  her  temperature  rose  to 
104. 2°F. ;  her  pulse  rate  became  rapid,  and  her  sputum  was  bloody.  The  hemoptysis 
was  so  copious  that  it  was  found  necessarj'  to  revise  the  wound  in  the  operating  room. 


*  The  first  three  eases  were  reported  in  previous  issues  of  the  Journal  i\  ol. 
VIII,  Nos.  3,  4). 
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Active  bleeding  was  found  in  the  region  of  :i  large  bronchial  fistula.  Her  hemoglobin 
dropped  to  43  per  cent  iiiul  a  transfusion  was  given.  Her  condition  remained  fairly 
satisfactory  for  four  days  although  moderate  fever  persisted.  On  the  fifth  day  after 
the  second  operation  her  temperature  rose  to  106°F.  Signs  of  pneumonia  were  de- 
tected in  the  left  lower  lobe.  Sulfapyridine  was  administered  for  two  days  and  a 
blood  transfusion  given.  Her  general  condition  improved  and  she  was  allowed  out  of 
bed  in  a  few  days.  Eighteen  days  after  the  pneumonotomy  her  temperature  rose  to 
103°F.  and  a  large  tender  swelling  was  noted  in  the  left  posterior  axillary  region. 
This  was  incised  and  drained.  Twenty  days  later,  a  large  abscess  containing  foul, 
thick  pus  was  found  under  the  musculature  of  the  chest  wall  and  incised.  On  culture, 
the  pus  yielded  streptococcus  hemolyticus,  streptococcus  viridans.  aerobic  diphthe- 


FiG.  14.  Gross  appearance  of  coronal  sections  of  the  brain  in  case  4  showing  multi- 
ple brain  abscesses  with  the  largest  one  displaying  a  well  formed  capsule. 

roids  andanerobic  gram  negative  bacilli.  Five  days  after  the  drainage  of  this  abscess, 
the  patient  complained  of  severe  headache.  Convulsive  seizures  and  distinct  me- 
ningeal signs  developed  quickly.  Stiffness  of  the  neck,  hyperactive  deep  reflexes,  a 
suggestion  of  bilateral  patellar  clonus,  bilateral  Hoffman  and  Kernig  signs  were 
recorded.  A  lumbar  puncture  yielded  turbid  cerebrospinal  fluid  under  increased 
pressure,  containing  20,000  white  blood  cells  per  cubic  millimeter.  On  smear,  the 
cerebrospinal  fluid  showed  gram  positive  cocci,  and  on  culture  hemolytic  streptococci 
were  found.  A  blood  culture  was  sterile.  The  patient  died  several  hours  after  the 
onset  of  meningitis. 

Necropsy  Findings.  General.  Gross.  Subacute  abscess  of  the  left  chest  wall: 
subacute  lung  abscess,  right  upper  lobe;  acute  hematogenous  osteomyelitis  of  the 
right  femur;  pulmonary  edema  and  congestion  of  the  right  lower  lobe  and  left  lung; 
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bronchopneumonia,  left  lower  lobe;  ascites  and  bilateral  hydrothorax:  fatty  and 
parenchymatous  degeneration  of  the  liver. 

Brain.  Gross.  The  dura  stripped  easily.  There  was  a  moderate  increase  in  the 
amount  of  cerebrospinal  fluid.  In  the  cisterna  magna  and  inter-peduncularis  there 
was  greenish-yellow  purulent  fluid.  The  brain  was  somewhat  softer  than  normal. 
The  superficial  veins  of  the  dura  of  the  spinal  cord  were  dilated  and  tortuous.  This 
was  most  marked  in  the  cervical  and  lumbar  regions.  There  was  a  large  amount  of 
cloudy  subarachnoid  fluid.    The  pituitary  gland  was  normal. 

On  section  of  the  brain  the  following  was  noted:  1)  Several  abscesses  varying  in 
size  from  0.5  to  1.0  cm.  in  diameter.  They  were  distributed  chieflj'  in  the  subcortex 
of  both  hemispheres.  The  left  pulvinar  was  almost  entirely  replaced  by  a  large  ab- 
scess (fig.  14).  The  abscesses  were  well  demarcated  and  encapsulated,  suggesting 
their  existence  for  some  time.  2)  There  was  a  widespread  ependymitis,  more  marked 
in  the  posterior  horn  of  the  right  lateral  ventricle.  The  choroid  plexus  of  the  right 
lateral  ventricle  was  swollen  and  covered  with  exudate. 

Gross  Diagnosis.  Multiple,  metastatic  brain  abscesses,  ependymitis  and  diffuse 
purulent  meningitis. 

Microscopic.  Sections  of  the  cortex  and  of  two  of  the  abscesses  were  stained  with 
hematoxylin  and  eosin.  One  of  the  abscesses  was  round,  about  7  mm.  in  diameter, 
and  lay  about  1  cm.  below  the  surface  of  the  cortex.  This  abscess  contained  necrotic 
debris  in  its  wall  and  was  surrounded  by  a  thick  capsule  consisting  of  fibrous  tissue 
and  elongated  cells.  Surrounding  the  capsule  was  a  zone  of  increased  vascularity. 
The  cortex  adjacent  to  this  abscess  was  extensively  infiltrated  with  glial  elements  and 
the  neurones  in  the  cortical  laj^er  showed  a  variety  of  degenerative  changes.  The 
vessels  in  the  entire  section  were  surrounded  by  accumulations  of  glia  cells.  The 
meninges  were  normal.  The  other  abscess  was  serpiginous  in  shape,  was  about  2  cm. 
in  length,  and  had  a  very  thin  wall.  The  accumulation  of  glia  was  more  extensive 
and  extended  widely  into  the  surrounding  brain  tissue.  The  vessels  were  engorged  in 
the  nearby  brain  tissue  and  surrounded  by  a  large  accumulation  of  glial  elements. 

Diagnosis.    ^lultiple  brain  abscesses. 

Comment.  Dr.  Globus:  In  this  case  little  need  be  said  except  that  here, 
as  in  other  instances,  multiplicity  of  abscesses  point  to  their  metastatic 
character.  A\Tiat  particularh'  meiits  comment  is  the  probability  that  the 
brain  abscesses  were  most  likely  formed  here  by  reason  of  the  introduction 
of  highly  infecti'\'e  material  into  a  branch  of  a  pulmonary  vein  during  the 
attempt  of  the  surgeon  to  check  the  bleeding  from  the  bronchial  fistula. 


Reported  by  A.  Zitani,  M.D. 


THE  STORY  OF  THE  MOUNT  SINAI  HOSPITAL 


Beginning  with  (his  issue,  the  Journal  mill  carry  in  a  series  of  installments  the  story  of 
The  Mount  Sinai  Hospital  during  the  ninety  years  since  it  %vas  founded.  Offered  in 
celebration  of  the  Hospital's  ninetieth  anniversary,  these  historical  notations  will  in  a 
way  reflect  the  course  of  medicine — in  Xew  York  and  elsewhere — since  1852,  and  the 
changing  background  of  its  development .  The  narrative  has  been  compiled  by  Miss  Jane 
Benedict  from  hospital  archives,  personal  and  professional  correspondence,  medical 
and  historical  literature,  and  extensive  interviews  with  those  who  have  been  both  eye- 
witnesses and  agents  of  its  progress.  It  is  offered,  not  as  a  definitive  history  of  the  Hos- 
pital, but  rather  as  source  material  from  which  a  history  will  later  be  written.  Correc- 
tions ufill  be  welcomed  if  errors  of  fact  or  interpretation  are  discovered.  Additional 
information  which  may  help  to  maTce  the  picture  more  complete  will  be  appreciated.* 

In  this  installment  the  founding  of  the  Hospital  is  described  and  its  founders  are 
depicted.  The  social  factors  which  made  such  an  organization  a  needed  and  welcome 
addition  to  old  Xew  York  are  sketched. 

THE  KOR.MATIVP:  years.  1852-1872 
I 

When  Sampson  Simson  and  his  eight  associates  founded  the  Jews'  Hospital  in 
New  York,  parent  of  the  modern  Mount  Sinai,  they  were  giving  form  and  sub- 
stance to  what  had  long  been  a  hope  of  the  Jewish  community.  The  Jews  of 
New  York  were  active  citizens  in  a  city  which  was  experiencing  the  growing  pains 
of  the  Industrial  Revolution.  Only  the  year  before  the  founding  of  the  Hospital 
a  railroad  line  had  been  completed  between  New  York  and  Dunkirk  on  Lake 
Erie.  An  already  industrial  population  was  being  daily  increased  by  the  hordes 
of  immigrants  who  poured  in  from  Europe.  The  census  of  1850  revealed  that 
of  515,547  men  and  women  in  New  York,  83,620  were  employed  in  3,387  fac- 
tories.' In  the  efforts  to  cope  with  problems  arising  from  New  York's  develop- 
ment as  a  trade  center,  the  Jews  played  an  energetic  part. 

Their  communal  role  dated  from  1654,  when  a  group  of  Jews  had  emigrated  to 
New  Amsterdam  from  Brazil,  in  order  to  escape  the  persecution  of  Brazil's  Portu- 
guese conquerors.  Upon  their  arrival  in  the  American  colony,  the  home  govern- 
ment of  Holland  passed  the  Act  of  Toleration  stating  that  the  Jews  might  remain 
pro\  ided  they  cared  for  their  own  poor.  From  that  time  on,  the  Jews  of  New 
York  effectively  organized  charitable  work  among  their  people.  At  first  directly 
through  the  synagogues,  and  later  through  independent  organizations  cooperat- 
ing with  the  synagogues,  Jewish  charity  cared  for  the  aged,  the  orphaned,  and 
the  destitute.  It  provided  free  education  and  taught  the  needy  a  trade  with 
which  to  help  themselves.  It  formed  societies  to  attend  the  sick  and  dying,  and 
to  visit  poor  homes  invaded  by  disease. 

These  worthy  efforts  were  made  against  overwhelming  odds.    With  the 

*  Corrections  or  additions  may  be  addressed  to  the  Historian  of  the  Hospital. 
'  Wilson,  Jame.s  Gr.wt:  Memorial  History  of  the  City  of  Xew  York,  New  York  His- 
torical Company,  1893.  Vol,  4. 
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swiftly  increasing  influx  of  immigrants,  many  of  whom  were  forced  by  circum- 
stance to  live  in  the  frightful  slums  of  that  period,  to  give  adequate  care  to  the  ill 
in  the  midst  of  destitution  proved  almost  impossible.  Many  Jews  were  thus  in 
urgent  need  of  hospitalization.  There  were,  of  course,  city  -hospitals — like 
Bellevue — in  which  such  patients  were  welcome;  but  there  was  no  institution 
sponsored  and  supported  by  the  Jewish  community  itself.  This  lack  was  felt 
ever  more  keenly  by  the  Jewish  population  as  time  went  on. 

A  determination  to  meet  this  need  was  announced  in  1850  by  the  Hebrew  Be- 
nevolent Society,  on  the  occasion  of  its  twenty-ninth  anniversary,  when  the 


Sampson  Simsox 
President  of  the  Jews'  Hospital  in  New  York.  1852  55 


Directors  of  that  Society  declared  that  "...  the  surplus  funds  safely  invested 
will  shortly  enable  us  to  adopt  prehminary  measures  for  the  establishment  of  a 
Jewish  Hospital,  the  great  and  final  object  of  our  institution."-  In  the  course  of 
the  following  year,  1851,  the  same  organization  called  a  conference  of  charitable 
societies,  and  definite  plans  were  formulated  for  the  founding  of  a  hospital  as 
soon  as  there  were  sufficient  funds. ^ 

2  Invitation  to  Twenty-ninth  Anniversarj^  Celebration,  Hebrew  Benevolent  Societ}', 
1850.    (In  possesion  of  the  American  Jewish  Historical  Society.) 

'  A  Plan  for  the  Institution  of  a  Hospital  for  the  Sick  and  Aged,  1851.  (In  possession 
of  the  .\merican  Jewish  Historical  Society). 
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While  their  plans  did  not  go  into  effect,  tliey  nevertheless  served  to  prepare 
the  ground  for  future  action.  Accordingly,  wlion  Sampson  Simson  and  his  eight 
associates  incorporated  the  Jews'  Hospital  in  New  York  on  Januaiy  15,  1852, 
they  found  the  Jewish  community  ready  to  extend  full  cooperation. 

The  group  that  Sampson  Simson  liad  gathered  about  him  were  old  friends. 
They  knew  each  other  well  and  had  worked  together  in  previous  charitable  under- 
takings. This  group  included,  in  addition  to  the  venerable  Simson,  the  Rev. 
Samuel  M.  Isaacs,  John  I.  Hart,  Benjamin  Nathan,  John  yi.  Davies,  Henry 


Rev  .  Samuel  M.  Isaacs 
Director  of  the  Jews'  Hospital  in  New  York,  1852-56;  Vice-President,  1856-57 

Hendricks,  Theodore  J.  Seixas,  Isaac  Phillips,  and  John  D.  Phillips.  These  nine 
men  signed  the  incorporation  papers  and  were  the  first  Directors  of  the  Hospital. 
They  held  their  first  meeting  in  the  Trustees'  Room  of  the  "Synagogue  in  Crosby 
Street,"  home  of  Shearith  Israel,  the  oldest  Jewish  congregation  in  America. 

Sampson  Simson,  then  seventy-two  years  old,  was  elected  their  President. 
Graduated  from  Columbia  College  in  1800,  he  later  studied  law  under  Aaron 
Burr,  and  was  probably  the  first  Jew  admitted  to  the  New  York  Bar.^  Unmar- 

*  Isaacs,  Myer  S.:  Sampson  Simson.  Publications  of  the  .\merican  Jewish  Historical 
Society,  No.  10.  1902. 
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ried,  reserved,  preferring  country  life  on  his  Yonkers  estate  to  the  growing  bustle 
of  New  York,  he  was  the  patriarchal  figure  of  his  sister's  family.  He  wore  the 
picturesque  costume  of  an  earlier  day — even  to  knee  breeches  and  buckles — had 
long  white  hair,  old-fashioned,  over-sized  spectacles,  and  carried  a  silver-headed 
cane  upon  which  he  was  in  the  habit  of  leaning  when  seated. 

One  can  well  imagine  the  gravity  with  which  these  deeply  religious  and  public- 
spirited  men  heard  their  President  call  the  meeting  to  order  and  read  the  articles 
of  incorporation  which  stated,  "...  we  have  associated  and  hereby  do  associate 
ourselves  into  a  benevolent,  charitable  and  scientific  Society  ...  to  be  known  as 
'The  Jews'  Hospital  in  New  York'."  The  minutes  of  that  meeting  record  that 
having  read  the  articles  of  incorporation,  "The  President .  .  .  declared  the  So- 
ciety organized  for  the  purposes  therein  stated"  which  were  ".  .  .  medical  and 
surgical  aid  to  persons  of  Jemsh  persuasion  and  for  all  other  purposes  appertain- 
ing to  Hospitals  and  Dispensaries  ..." 

The  articles  of  incorporation  read  in  part  as  follows: 

"We  Sampson  Simson,  Samuel  M.  Isaacs,  John  I.  Hart,  Benjamin  Nathan,  John  M. 
Davies,  Henry  Hendricks,  Theodore  I.  Seixas,  Isaac  Phillips,  and  John  D.  Phillips,  Citizens 
of  the  United  States  of  America  and  the  State  of  New  York  and  Residents  of  the  City  of 
New  York,  County  of  New  York  and  State  aforesaid,  being  each  over  Twenty-one  years  of 
age  and  desirous  of  associating  ourselves  (with  such  persons  as  may  hereafter  be  admitted 
as  members  for  benevolent,  charitable  and  scientific  purposes  in  conformity  with  and  under 
the  provisions  of  an  act  of  the  State  of  New  York  entitled  "An  Act  for  the  incorporation  of 
benevolent,  charitable,  scientific,  and  missionary  Societies,"  passed  April  12,  1848  Certify 
that  We  have  associated  and  hereby  do  associate  ourselves  into  a  benevolent,  charitable 
and  scientific  Society  to  be  known  and  distinguished  in  law,  or  otherwise  by  the  name  of 
"The  Jews'  Hospital  in  New  York,"  that  the  particular  business  purpose  and  object  of  such 
association  and  Society  will  be  medical  and  surgical  aid  to  persons  of  the  Jewish  persuasion; 
and  for  all  other  purposes  appertaining  to  Hospitals  and  Dispensaries;  that  the  said  Society 
will  be  under  the  management  and  control  of  Nine  Directors:  that  Sampson  Simson,  John 
I.  Hart,  Benjamin  Nathan,  Henry  Hendricks,  Samuel  M.  Isaacs,  John  M.  Davies,  Theodore 
I.  Seixas,  Isaac  Phillips  and  John  D.  Phillips  shall  be  the  Directors  of  such  Society  for  the 
first  year  of  its  existence;  and  that  the  said  Sampson  Simson  shall  be  the  President;  the  said 
John  I.  Hart,  Vice  President;  the  said  Benjamin  Nathan,  Secretary;  and  the  said  Henry 
Hendricks,  Treasurer  of  the  said  Society  for  the  first  year.  And  that  the  place  of  business 
of  the  said  Society  will  be  in  the  city,  County,  and  State  of  New  York." 

It  was  with  a  profound  sense  of  responsibility  that  these  men  established  the 
first  Jewish  Hospital  in  the  United  States.  The  enterprise  was  consistent  with 
their  own  records  as  energetic  citizens  in  a  rapidly  growing  city,  and  with  a  long 
tradition  of  active  participation  in  the  life  of  the  community.  One  of  their  num- 
ber was  a  descendant  of  the  Rev.  Gershom  Mendez  Seixas  who  during  the  Revo- 
lution had  persuaded  the  very  congregation  in  whose  building  this  group  was 
meeting,  and  of  which  some  were  members,  to  close  the  doors  of  their  synagogue 
rather  than  remain  in  New  York  after  it  had  fallen  into  the  hands  of  the  British. ^ 
He  himself  went  to  Philadelphia  and  took  up  religious  duties,  while  other  mem- 
bers of  the  Portuguese  Congregation  scattered  to  various  sections  of  the  country. 

5  Phillips,  Captain  N.  Taylor:  The  Congregation  Shearith  Israel,  Publications  of  the 
American  Jewish  Historical  Society,  No.  6,  1898. 
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From  the  Incorporation  Papers  of  the  Jews'  Hospital  in  New  York,  dated  January  15,  1852 


1244 


STORY  OF  MOUN'T  SIXAI  HOSPITAL 


The  Simson  family  went  to  Danbury,  Connecticut,  and  it  was  there  that  Sampson 
Simson  was  born  in  1780.^  The  greater  part  of  his  hfe  Sampson  Simson  was 
active  in  philanthropic  work,  giving  generously  and  judiciously  of  his  very  con- 
siderable wealth.  In  choosing  the  objects  of  his  philanthropy,  he  depended 
greatly  upon  the  advice  of  the  Rev.  S.  M.  Isaacs.  The  latter,  the  rabbi  of  the 
Congregation  Shaaray  Tefila,  was  born  in  Holland  in  1804,  but  grew  up  in  Eng- 
land. In  1839  he  was  called  to  the  United  States  as  rabbi  of  the  Congregation 
B'nai  Jeshurun.  Somewhat  later  he  became  the  leader  of  Shaaray  Tefila  when 
that  group,  in  1845,  spUt  off  from  the  older  congregation.^  From  the  time  he 
arrived  in  this  country,  he  was  the  guiding  spirit  of  New  York  philanthropy 
among  the  Jews.  A  ruddy-faced,  pleasant  man,  he  knew  and  liked  many  people 
in  various  walks  of  life.  He  was  popular  and  always  in  great  demand,  especially 
mth  young  folk.  But  above  all  he  was  fond  of  his  immediate  family  circle,  often 
singing  old  English  folksongs  with,  his  children.*  A  defender  of  the  older  and 
stricter  forms  of  his  religion,  he  was  nevertheless  tolerant  of  other  views.  He 
was  a  sincere  and  honest  minister,  always  ready  to  help  others,  to  take  part  in 
organizing  a  new  charity,  and  to  speed  in  the  middle  of  the  night  on  a  vasit  to  the 
distressed  or  the  dying. 

Associated  with  Rev.  Isaacs  in  the  Congregations  B'nai  Jeshurun  and  Shaaray 
Tefila  were  John  ]M.  Davies,  John  D.  Philhps,  and  John  I.  Hart,  who  was  elected 
Vice-President  of  the  new  Hospital.  Hart  had  been  one  of  the  committee  which, 
in  1825,  requested  and  received  aid  from  the  Portuguese  Congregation  in  found- 
ing B'nai  Jeshurun.^  John  D.  Phillips  was  active  in  the  fur  business  and  also 
dealt  extensively  in  real  estate.^"  He  was  one  of  those  who  had  sufficient  fore- 
sight to  visuaUze  a  New  York  which  might  extend  beyond  its  then  northern  Umit 
of  Thirty-fourth  Street,  and  include  the  rural  villages  of  Bloomingdale,  York\-ille, 
and  Manhattanville.  These  sections,  in  1852,  could  be  reached  only  by  horse 
and  carriage  over  rutted  country  roads.  But  John  D.  Phillips  bought  large  hold- 
ings in  the  neighborhood  that  is  now  Fifty-seventh  Street,  and  became  one  of  the 
early  and  enthusiastic  promoters  of  uptown  New  York. 

Benjamin  Nathan,  first  Secretary  to  the  Hospital;  Henry  Hendricks,  its  first 
Treasurer;  Theodore  J.  Seixas  and  Isaac  Phillips,  were  all  members  of  the  historic 
Portuguese  Congregation,  Shearith  Israel,  founded  in  1655."  Benjamin  Nathan 
was  a  member  of  the  New  York  Stock  Exchange ;  Henry  Hendricks  was  an  owner 
of  Hendricks  Brothers  Copper  Rolling  Mill,  one  of  the  oldest  firms^^  the  United 
States;  Isaac  Phillips  was  Appraiser  of  the  Port  of  New  York,  City  Commissioner 
of  Education,  and  a  President  of  the  Portuguese  Congregation."    Theodore  J. 

*  Isaacs,  Myer:  Sampson  Simson,  Publications  of  the  American  Jewish  Historical  So- 
ciety, No.  10,  1902. 

'  The  Jewish  Messenger,  January  6,  1882. 

'  Interview  with  Miss  Miriam  Isaacs,  daughter  of  Rev.  S.  M.  Isaacs,  June  7,  1938. 

^  Phillips,  Capt.\in  N.  T.\ylor:  The  Congregation  Shearith  Israel,  Publications  of  the 
American  Jewish  Historical  Societj',  Xo.  6,  1898. 

Interview  with  Mr.  Lewis  Phillips,  grandson  of  John  D.  Phillips,  June  16,  1938. 

'1  Interview  with  Captain  X.  Taj'lor  Phillips,  son  of  Isaac  Phillips,  June  15,  1938. 

'2  Interview  with  Mr.  Henry  Hendricks,  great-grandson  of  Henry  Hendricks,  June  24, 
1938. 

"  See  footnote  11. 
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Seixas  and  Heniy  Hendricks  had  worked  together  the  previous  year  at  the  con- 
ference called  by  the  Hebrew  Benevolent  Society  to  plan  the  founding  of  a 
Hospital." 

The  crowded  conditions  in  the  slums,  accompanied  by  destitution  and  crime 
which  paralleled  the  rapid  industrial  growth  of  the  city  during  the  period  between 
the  1840's  and  1870's  led  to  the  founding  of  many  charitable  institutions. 
Churches  and  Sunday  Schools  turned  their  attention  to  social  work,  aiming  at 
the  rehabilitation  of  those  whom  life  in  the  slums  had  warped.  With  the  increas- 
ing spread  of  disease,  due  to  unhygienic  conditions  in  the  overcrowded  tenements, 
the  need  for  more  hospitals  became  imperative.  It  was  during  this  period  that 
the  Association  for  the  Improvement  of  the  Condition  of  the  Poor  came  into 
existence;  that  the  Young  Men's  Christian  Association,  the  Children's  Aid  So- 
ciety, the  Society  for  the  Prevention  of  Cruelty  to  Children,  were  organized;  and 
that  St.  Luke's  Hospital,  the  Hospital  for  the  Ruptured  and  Crippled,  and  the 
Roosevelt  Hospital  were  established.  The  Jews'  Hospital  was  a  part  of  this 
trend  to  improve  the  lives  of  the  unfortunates  forced  to  live  in  the  slums. 

The  step  was  a  courageous  one  as  can  be  sensed  from  a  statement  by  the  Hos- 
pital Board  published  some  years  later,  which  in  retrospect  described  the  finan- 
cial condition  of  the  Jews'  Hospital  Society  when  it  was  first  formed: 

"The  history  of  the  Hospital  is  the  history  of  most  of  our  benevolent  institutions.  With 
no  other  endowments  than  the  impulsive  and  limited  donations  of  their  charitable  and 
religious  originators — with  no  other  revenues  than  that  hoped  for  from  the  free-will  offerings 
of  their  friends  and  associates — they  are  organized,  established  and  set  in  operation,  where- 
ever  and  as  often  as  their  usefulness  is  suggested,  or  their  necessity  felt."'* 

It  was  thus  with  no  assurance  of  what  money  might  be  forthcoming  that  the 
Jews'  Hospital  in  New  York  came  into  being.  So  urgent  was  the  need  for  such 
an  institution  that  the  founders  felt  the  effort  must  be  made. 

It  was  particularly  encouraging,  therefore,  that  at  the  first  meeting  of  the 
Board,  the  second  order  of  business  should  be  a  letter  announcing  a  substantial 
donation.  It  was  signed  by  Barrow  Benrimo,  chairman  of  a  group  called  the 
Young  Men's  Committee,  which  on  February  4  of  1852  had  given  a  ball  for  the 
benefit  of  the  Jews'  Hospital  Society.  This  donation  of  $1,034.16  was  the  initial 
contribution  to  the  Hospital,  the  proverbial  shoestring  on  which  it  started.  A 
resolution  of  thanks  for  "their  laudable  and  successful  efforts  in  commencing  in 
a  liberal  degree  the  establishment  of  a  fund  to  carry  out  the  objects  of  this  insti- 
tution" was  passed  and  sent  to  the  members  of  the  Committee,  which  included 
Barrow  Benrimo,  Samuel  A.  Lewis,  L.  H.  Simp.son,  Cleorge  Henriques,  Adolphus 
S.  Solomons,  Rowland  Da\nes,  Max  Bachman,  George  King,  L.  Bierhoff,  Xoah 
Content,  Henry  Honig.  That  this  group  was  particularly  interested  in  helping 
the  Hospital  is  not  surprising,  since  the  year  before  its  chairman,  Barrow  Ben- 
rimo, had  been  a  delegate  to  the  conference  called  by  The  Hebrew  Benevolent 
Society  to  discuss  the  possibility  of  a  Hospital.'* 

"  A  Plan  for  the  Institution  of  a  Hospital  for  the  Sick  and  .\ged,  1851.  (In  possession 
of  the  .\merican  Jewish  Historical  Society). 

'5  The  Occident,  Isaac  Leeser,  editor.    Vol.  14,  p.  .397  (November)  1856. 
Plan  for  the  Institution  of  a  Hospital  for  the  Sick  and  .\ged,  1851.    (In  possession  of 
the  American  Jewish  Historical  Society). 
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Another  member  of  the  Committee,  Adolphus  S.  Solomons,  in  reminiscing 
some  twenty  years  later,  described  a  visit  he  had  made  in  1851  to  a  Jewish  hos- 
pital m  FranMort-on-Mam.  He  told  of  the  shame  he  had  felt  when  he  had  to 
admit  that  there  were  no  such  hospitals  in  the  United  States,  and  how  he  "then 
and  there  determined  that,  God  willing,  such  a  reproach  upon  his  native  land 
should  not  long  exist,  if  he  could  do  aught  to  prevent  it .  .  A  year  later 
came  the  opportunity  to  do  considerably  more  than  "aught".  He  contributed 
materially  toward  the  proposed  Jews'  Hospital,  and  his  support  continued  after 
it  had  become  a  fact.  As  an  older  man  and  an  active  citizen  of  Washington, 
D.  C,  he  was  to  show  his  interest  in  medical  aid,  not  only  by  assisting  in  the  or- 
ganization of  the  American  Red  Cross,  but  also  by  his  part  in  the  development 
of  the  Garfield,  Columbia,  and  Providence  Hospitals.^* 

The  first  problem  facing  the  young  Society  was  to  obtain  a  place  in  which  their 
Hospital  could  be  set  up.  A  committee  was  appointed  at  the  second  meeting  of 
the  Board  to  find  a  building  that  could  be  used  as  temporary  quarters.  At  the 
third  meeting,  this  group  reported  that  it  had  found  a  house  which  could  be 
rented  for  nine  months  for  one  hundred  and  twenty-five  dollars;  it  was  voted  to 
accept  this  offer.  A  month  later,  however,  a  special  meeting  was  called  to  an- 
nounce that  Sampson  Simson  "had  executed  a  deed  to  the  Jews'  Hospital  in 
New  York  for  a  lot  of  land  on  the  south  side  of  Twenty-eighth  Street  between 
Seventh  and  Eighth  Avenues,  25  feet  front  and  rear  by  about  98  feet  more  or 
less."^'  The  Board  immediately  set  about  securing  appropriate  plans  for  the 
erection  of  a  Hospital  on  this  piece  of  land. 

In  1852,  Twenty-eighth  Street  was  far  beyond  the  bustle  of  the  city.  The 
surroundings  of  the  site  were  sufficiently  rural  to  allow  the  picking  of  tomatoes, 
the  building  of  bonfires,  and  the  roasting  of  potatoes.^"  At  that  time  the  fash- 
ionable sections  of  the  city  were  Bond  Street,  Washington  Square,  and  East 
Broadway,  where  the  red  brick  homes  of  wealthy  citizens  lined  the  thorough- 
fares.-' Those  streets  that  were  not  dirt  roads  were  paved  \\ath  cobblestones.^ 
Illumination  was  furnished  by  gas,  which  had  been  introduced  into  New  York 
only  twenty-nine  years  before  the  founding  of  the  Hospital.^'  Transportation 
depended  on  horses  or  on  one's  own  two  feet.  Sampson  Simson,  li\'ing  on  his 
estate  in  Yonkers,  must  have  considered  the  trip  to  New  York  a  formidable  jour- 
ney when  he  set  forth  in  a  horse  and  carriage  to  jolt  his  way  over  the  rutted 
country  roads  that  led  to  the  city. 

In  the  first  month  of  the  Society's  existence,  a  constitution  was  drawn  up  and 
sent  with  a  circular  to  those  who  might  be  interested.    The  circular  declared  that 

1' SoLOMoxs,  ADOLPHt7.s  S. :  "Some  Scraps  of  Historj'  Concerning  Mount  Sinai  Hos- 
pital," Jewish  Messenger,  Rev.  S.  M.  Isaacs,  Editor,  Vol.  3,  No.  23,  (December  17)  1875. 

1*  Marshall,  Louis:  Adolphus  S.  Solomons,  Publications  of  the  American  Jewish  His- 
torical Society,  Xo.  20,  1912. 

"  Minutes  of  Board  of  Directors'  Meeting,  Jews'  Hospital,  October  20, 1852. 

2"  Meyer,  .\lfred:  '  Recollections  of  Old  Mount  Sinai  Days,"  Journal  of  The  Mount 
Sinai  Hospital,  Vol.  3,  Xo.  6,  1937. 

21  Wilson,  James  Grant:  Memorial  History  of  the  City  of  Xew  York,  Xew  York  His- 
torical Company,  1893,  Vol.  4. 

22-  23  See  footnote  21. 
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"from  the  mere  dues  of  members,  but  an  insufficient  sum  can  be  obtained;  it  is 
therefore  incumbemi  on  the  Directors  at  once  to  call  on  those  who  have  the  abil- 
ity, to  enable  them  to  carry  out  the  objects  of  the  Society."  The  dues  mentioned 
were  five  dollars  a  year  and  entitled  one  to  a  voting  membership.  The  circular 
expressed  also  the  hope  of  setting  up  the  temporary  Hospital  as  indicated  before, 
but  this  intention  was  soon  abandoned;  energj'  and  money  were  concentrated  on 
the  erection  of  the  Twenty-eighth  Street  building. 

Donations  were  not  long  in  coming.  In  thi.s  connection  it  is  interesting  to 
note  the  intimate  character  of  this  group  which  formed  the  Hospital's  early  sup- 
porters— the  family  relationships,  the  associations  with  each  other  and  with  the 
charitable  and  religious  work  which  had  led  to  the  Hospital's  creation.  The 
minutes  of  Board  meetings  for  the  years  1852  and  1853  indicate  that  the  Direc- 
tors were  prompt  contributoi"s.  So  meticulous  are  the  records  of  those  early 
days  that  we  are  told  that  Samp.son  Simson  paid  a  bill  of  $61.86  for  the  Society 
and  allowed  it  to  stand  as  a  donation.  Le^\^s  M.  Morrison  and  Joseph  Fatman, 
the  one  to  be  elected  a  Director  three  years  later  and  the  other  after  five  years, 
both  helped  to  support  the  young  organization.  Mrs.  Frances  Hendricks  and 
Selina  Hendricks,  the  mother  and  sister  of  Henry  Hendricks,  each  gave  five  hvm- 
dred  dollars,  with  the  promise  that  if  five  thou.sand  dollars  were  collected  within 
one  year,  each  would  repeat  the  donation.  The  name  of  George  Hcnriques  on 
the  list  of  contributors  indicates  that  members  of  the  Young  Men's  Committee 
of  some  months  before  maintained  their  interest  in  the  founding  of  a  Jewish  hos- 
pital. Rev.  J.  J.  Lyons,  rabbi  of  the  Portuguese  Congregation,  and  Rev.  Ansel 
Leo  of  the  B'nai  Jeshurun  Congregation,  who  had  married  Sampson  Simson's 
niece,  were  included  in  the.se  records.  The  familiar  family  names  of  Sebcas, 
Hart,  Nathan,  Henriques,  Morrison,  and  Davies  appear  frequently,  indicating 
the  extent  to  which  entire  families  were  interested.  That  the  community  as  a 
whole  was  also  sympathetic  with  the  move  is  indicated  by  the  donation  of  two 
hundred  and  fifty  dollars  from  "A  Priest". 

The  Board  divided  into  groups  to  solicit  funds  from  the  various  congregations. 
M.  Hendricks  Levy  paid  one  himdred  dollars  as  a  life  member  of  the  Society  and 
offered  his  services  in  collecting  funds  on  a  trip  "through  several  of  our  states." 
By  April  of  1853,  the  Board  decided  that  when  the  seven  thou.sand  dollar  mark 
was  reached,  the  Building  Committee  should  be  authorized  to  "enter  into  con- 
tracts according  to  specifications."  By  October  2  of  that  year,  Mrs.  Hendricks 
and  her  daughter  were  notified  that  five  thousand  dollars  were  in  the  hands  of  the 
Treasurer  and  as  the  records  show,  they  fulfilled  their  promise  by  contributing  a 
second  five  hundred  dollars  each. 

On  October  30,  1853,  the  Building  Committee  reported  that  the  mason  had 
started  digging  and  that  in  ten  days  he  would  be  prepared  for  the  laying  of  the 
cornerstone. 

The  next  installment  will  begin  with  the  laying  of  the  cornerstone,  and  will  carry  the 
story  to  the  dedication  of  Mount  Sinai's  first  home. 


fulp  22.  l86l-(!^ctober  31,  1941 

The  members  of  the  Hospital  Staff  have  learned  with  deep  sorrow  of  the 
death  of  James  Speyer,  who  has  been  a  member  of  the  Board  of  Trustees 
since  1902.  Mr.  Speyer  was  a  loyal  friend  of  the  institution  throughout 
this  entire  time  and  much  of  the  progress  of  the  Hospital  was  made  pos- 
sible through  his  generosity.  He  was  keenly  interested  not  alone  in  the 
advancement  of  science,  but  also  in  the  welfare  of  the  patients  of  the 
Hospital.  He  was  at  all  times  interested  in  the  affairs  of  Xew  York,  his 
native  city,  and  was  an  outstanding  figure  in  philanthropic  and  cultural 
fields.  He  was  active  in  the  foundation  of  the  University  Settlement  So- 
ciety, the  Provident  Loan  Society,  the  Speyer  School,  the  Ellin  Prince 
Speyer  Hospital  for  Animals  and  the  Museum  of  the  City  of  Xew  York. 
He  was  also  one  of  the  founders  of  the  American  Museum  of  Safety  and  the 
Economic  Club  of  Xew  York.  In  all  of  these  fields,  he  leaves  behind  him 
many  achievements  as  evidence  of  having  been  what  he  wished  to  be  kno\\Ti 
as,  "a  good  citizen".  His  sincerity,  humanity  and  integrity  earned  him 
the  respect  of  all  who  knew  him  and  he  will  long  be  remembered  for  his 
many  good  deeds. 

DeW.  M. 
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"We  loved  him  as  a  brother."  So  spoke  one  of  his  colleagues  revealing 
the  high  esteem  in  which  Seth  Selig  was  held  by  his  fellow-workers.  His 
sudden  demise  at  the  early  age  of  forty-four  years  terminated  a  very  full  life 
and  an  active  and  fruitful  career.  Although  he  had  already  reached  the 
pinnacle  of  success  in  his  chosen  field  and  although  a  countless  number  of 
patients  had  benefited  by  his  wise  coimsel  and  skillful  surgery,  undoubtedly, 
his  opus  magnum  was  yet  to  materialize  as  the  result  of  his  accumulated 
experience,  his  practical  interpretation  of  clinical  data  and  his  scientific 
zeal.  For  this  alone  we  selfishly  regret  his  passing.  Even  more  deeply 
felt  is  the  void  left  by  the  departure  of  one  who  was  also  admired  for  his 
friendship,  loyalty,  and  sincerity;  for  his  great  sense  of  humor  and  radiant 
optimism;  for  his  honesty;  for  his  clear  vision  and  courage  in  maintaining 
his  convictions  when  right,  and  in  accepting  another  viewpoint  when  wrong. 
Yes,  Seth  Selig  was,  indeed,  a  credit  to  his  profession. 

The  character  and  accomplishments  of  my  most  intimate  friend  is  best 
reflected  by  the  depth  and  sincerity  of  the  sorrow  exhibited  by  so  many  of 
his  associates  and  friends  in  all  walks  of  life.  To  know  that  he  had  reached 
his  goal  by  perseverance,  by  strength  of  will,  and  by  fair  dealing  enhances 
our  respect  for  his  memory  and  may  well  serve  as  a  shining  example  to 
those  who  follow  in  his  footsteps. 

The  various  appointments  he  held,  the  societies  to  which  he  belonged, 
the  problems  he  had  solved  or  hoped  to  solve,  and  the  new  operations  he 
had  devised  constitute  an  enviable  record  of  achievement. 

There  is  one  more  attribute  which  made  Seth  Selig  so  well  thought  of 
and  worthy  of  emulation.  It  was  his  simple,  wholesome  philosophy  per- 
taining to  life  and  his  work.  He  was  indeed  a  good,  trustworthy  doctor 
with  a  fine  understanding  of  human  nature  and  a  very  thoughtful  genial 
personality  sharing  it  generously  with  others. 

And  so  we  bid  farewell  to  our  comrade  and  are  thankful  that  we  could 
travel  part  of  the  way  with  one  who  so  deservedly  was  loved  as  a  brother. 

Gordon  D.  Oppexheimer 
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Authors'  Abstracts  of  Papers  Published  Elsewhere  by  Members  of  The 
Mount  Sinai  Hospital  Staff 


Members  of  the  hospital  staff  and  the  out-patient  department  of  The 
Mount  Sinai  Hospital  are  invited  to  submit  for  publication  in  this  col- 
umn brief  abstracts  of  their  articles  appearing  in  other  journals. 


Tertoma  of  the  Pineal  Body.  J.  R.  Gerstley,  J.  Kasaxix,  and  E.  Lowenhaupt. 
J.  Pediat.  17:  512-520,  October  1940. 

An  account  is  presented  of  a  child  with  an  intracranial  tumor  which  at  autopsy 
proved  a  true  teratoma  of  the  pineal  body.  A  spongioblastoma  multiforme,  a  uni- 
lateral development  within  this  tumor,  invaded  surrounding  structures  and  spread 
widely  throughout  the  brain.  The  child  showed  pubertas  praecox,  initial  symptoms 
of  pituitary  cachexia,  and  finally  signs  characteristic  of  involvement  of  the  quadri- 
geminate  plate  and  the  hypothalamus.  The  emotional  changes  in  the  child  and  their 
significance  are  discussed. 

This  case  presents  several  aspects  of  unusual  interest.  It  is  the  eighteenth  re- 
ported teratoma  of  the  pineal  body.  One  part  of  the  teratoma  comprised  a  spongio- 
blastoma multiforme  which  invaded  widely,  infiltrating  the  hypothalamus.  The 
earl}'  diagnosis  offered  difficulty  as  a  vague  history  and  absence  of  signs  suggested 
either  encephalitis  or  schizophrenia.  It  was  not  until  late  that  positive  neurologic 
signs  indicated  the  true  condition.  This  case  is  of  further  significance  in  view  of 
current  neurologic  theories  (Grinker)  which  postulate  the  basal  ganglia  and  hypo- 
thalamus as  the  seat  of  emotions.  Some  authors,  notably  Bailey,  Buchanan,  and 
Bucy,  report  uncontrollable  temper  tantrums  in  patients  with  tumors  of  similar  loca- 
tion. Our  patient  had  all  the  outward  manifestations  of  depression  without  being 
aware  of  such  an  emotion.  Thus,  he  was  not  actually  depressed.  Actual  emotions 
in  modern  man  have  a  rich  ideational  content.  Therefore,  we  believe  that  we  offer 
an  added  shred  of  evidence  that  the  region  of  the  third  ventricle  and  hj'pothalamus 
may  be  concerned  with  the  expression  of  emotion,  and  not  with  the  actual  emotion 
itself. 

Uterotubal  Insufflation  as  a  Test  for  Tubal  Patency,  1920  to  1940.  I.  C.  Rubin.  Am. 
J.  Obst.  &  Gynec.  40:  628,  October  1940. 
The  method  of  uterotubal  insuflBation,  which  was  developed  at  The  Mount  Sinai 
Hospital,  has  undergone  gradual  development  from  its  incipiency  in  1919  to  its  pres- 
ent status  as  a  precise  and  safe  clinical  nonsurgical  test  for  determining  tubal  pa- 
tency. Carbon  dioxide,  adopted  as  the  gas  of  choice,  has  proved  its  usefulness  and 
superiority  over  the  years.  Strict  regard  for  clinical  indications  and  contraindica- 
tions and  attention  to  the  rules  of  technique  are  essential  safeguards.  The  informa- 
tion derived  from  kymographic  insufilation  goes  beyond  the  mere  fact  of  tubal  pa- 
tency, yielding  physiologic  data  not  otherwise  obtainable.  It  affords  graphic  records 
but,  unlike  hysterography,  no  photographic  films.  With  hysterosalpingography  it 
shares  the  same  limitation:  namely,  the  necessity  for  correct  interpretation  which  in 
the  last  analysis  is  an  art  acquired  by  ample  critical  experience.  Without  going  into 
its  comparative  merits,  it  is  fair  to  say  that  uterotubal  insufflation  in  careful  hands 
can  be  utilized  without  untoward  immediate  accidents  or  sequelae  in  all  cases  where 
it  is  properly  indicated  for  diagnosis  and  therapy. 
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Pigmentation  of  the  Face  following  X-ray  Examination  of  the  Jaw.  O.  L.  I.kvin  avo 
H.  T.  Behrmaxi  J.  A.  D.  A.  27:  1599,  October  1940. 
The  authors  describe  the  development  of  pip;mentation  of  the  skin  in  a  colored  girl 
following  a  single  dental  roentgenogram.  The  pigmentation  appeared  without  any 
preceding  erythema  or  other  subjective  or  objective  symptoms.  The  pigmentation 
was  reproduced  experimentally  in  this  patient  by  means  of  exposure  to  small  frac- 
tional doses  of  x-ray.  The  importance  of  the  biologic  reaction  rather  than  the 
roentgen  dosage  is  stressed.  The  pigmentation  is  not  permanent  and  will  disappear 
within  several  months  without  any  sequelae. 

Certain  Outstanding  Trends  inOynecology  During  the  Fast  Forty  Years.  H .  T.  Frank. 
Am.  J.  Obst.  &  Gynec.  40  :  574-577,  October  1940. 

Fort}'  years  ago  transabdominal  surgery  was  still  in  a  formative  stage.  The  out- 
look of  surgery  ps  well  as  gynecology  was  based  on  mechanical  procedures  as  evi- 
denced in  the  treatment  of  sterility  and  dysmenorrhea,  and  the  imperfect  plastic 
operations  performed. 

In  the  interim,  diagnosis,  knowledge  of  pathology  and  physiologj'  has  increased. 
The  medical  armamentarium  has  been  enriched  by  the  Wassermann  reaction,  blood 
transfusion,  x-ray  diagnosis  and  treatment,  and  the  phenomenal  development  of 
endocrinology,  to  mention  only  a  few. 

Today,  cure  of  gonorrhea  and  other  venereal  infections  l)y  hyperthermia  and 
chemotherapj",  the  increasingly  widespread  use  of  the  Manchester  operation  for 
prolapse,  the  recognition  of  mechanical  sterility  by  means  of  the  Rubin  insufflation 
test,  and  the  application  of  endocrinology  to  many  functional  diseases  of  the  female 
has  resulted  in  reduction  of  mortality,  increase  in  frequency  of  cures,  and  accuracy 
of  control. 

The  Gaslro-Intestinal  Manifestations  of  Shock.  P.  Klemperer,  A.  Penner,  and 
A.  I.  Bernheim.  Am.  J.  Digest.  Dis.  7:  410,  October  1940. 
Numerous  reports  of  focal  erosions  and  ulcerations  of  the  gastro-intestinal  tract 
and  observations  of  our  material  led  us  to  the  conclusion  that  despite  the  wide 
variety  of  clinical  states  in  which  these  lesions  have  been  observed  at  autopsy  they 
have  one  physiological  state  in  common,  namely  shock.  The  basic  physiologic  dis- 
turbance occurring  in  shock  consists  in  a  discrepancy  between  the  volume  of  circulat- 
ing blood  and  the  capacity  of  the  circulatory  system,  in  which  the  former  is  too  small 
to  adequately  fill  the  latter.  We  believe  that  the  compensatory  vaso-motor  reactions 
which  are  called  forth  by  any  of  the  varied  stimuli  which  may  create  the  clinical  state 
of  shock,  are  concerned  in  the  pathogenesis  of  these  gastro-intestinal  lesions.  Kx- 
perimental  evidence  is  brought  forth  in  support  of  this  concept. 

Contact  Dermatitis  from  a  Plastic  Wrist-Hand.  ().  L.  Levin  and  H.  T.  Hkhrman.  .1. 
Int.  Med.  9:  569,  November  1940. 
After  wearing  a  bracelet  made  of  transparent  plastic,  a  plasticized  flexible  sheet- 
ing, a  patient  developed  a  localized  dermatitis  at  all  points  where  the  bracelet  was  in 
direct  contact  with  the  skin.  The  modern  utilization  of  plastics  and  synthetic  ma- 
terials as  jewelry  and  wearing  apparel  should  be  duly  considered  when  investigating 
the  possible  sources  of  a  contact  dermatitis. 

Operations  on  the  Phrenic  Serre.    .K.  H.  .\ufses,  .\m.  J.  Surg.  50:  715,  December  1940. 

The  author  discusses  the  indications  for  paralysis  of  the  hemi-diaphragm  which  is 
the  only  effect  sought  for  by  operations  on  the  phrenic  nerve.  The  anatomy  of  the 
phrenic  nerve  is  described  with  special  emphasis  upon  the  various  anomalies  which 
occur  and  which  are  of  great  importance  to  the  surgeon.   The  various  types  of  opera- 
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tions  which  may  be  employed  and  the  results  which  they  achieve  are  given  in  table 
form.  The  technique  of  the  various  types  of  operations  is  given  in  detail  and  the 
complications  which  may  occur  either  during  operation  or  postoperatively  are  classi- 
fied. Various  tests  for  diaphragmatic  paralysis  are  also  enumerated.  A  bibliog- 
raphy of  over  eighty  references  is  appended. 

Lipoid  Granulomatosis — Involving  Middle  Ear.  H.  Rosenwasser.  .\rch  Otolaryn- 
gol.   32:  1045,  December  1940. 

Lipoid  granulomatosis  (type  Hand-SchuUer-Christian  disease)  occurring  in  an 
adult  and  with  diffuse  involvement  of  the  middle  ear  and  temporal  bone  as  the  sole 
manifestation  of  the  disease  is  uncommon.  Although  the  clinical  course,  the  roent- 
genographic  findings  and  the  results  of  the  pathologic  examination  of  material  re- 
moved at  operation,  were  consistent  with  the  diagnosis  of  carcinoma  of  the  middle 
ear,  the  favorable  course  for  more  than  four  j'ears  after  operation  was  considered  so 
unusual  as  to  warrant  a  review  of  the  microscopic  sections.  This  resulted  in  the  es- 
tablishment of  the  diagnosis  of  lipoid  granulomatosis. 

Had  these  slides  not  been  reviewed  it  is  probable  that  the  case  would  have  been 
regarded  as  one  of  carcinoma  involving  the  middle  ear  and  petrous  pyramid,  cured 
for  four  J'ears.  The  case  also  demonstrates  the  difficulty  which  was  met  in  establish- 
ing a  diagnosis  even  by  the  most  highly  trained  pathologists.  Furthermore  it  indi- 
cates an  excellent  therapeutic  result,  attributable  apparently  to  the  intensive  use  of 
roentgen  rays. 

Cerebral  Abscess  {Paradoxic)  Accompanying  Congenital  Heart  Disease:  Report  of  Two 
Cases.  I.  S.  Wechsler  and  A.  Kaplax.  Arch.  Int.  Med.  66:  1282,  December 
1940. 

The  authors  report  two  cases  of  cerebral  abscess  in  congenital  heart  disease.  Only 
twelve  cases  have  been  reported  in  the  literature,  and  of  the  fourteen  only  three  have 
been  diagnosed  during  life.  Generally  the  diagnosis  of  embolism  or  thrombosis  is 
made.  If  the  diagnosis  can  be  made  earlj-  and  the  abscess  evacuated,  there  is  the 
possibility  that  life  can  be  saved.  In  doubtful  cases  pneumoencephalography 
may  lead  to  the  correct  diagnosis.  The  point  stressed  is  that,  though  rare,  abscess  of 
the  brain  can  occur  in  congenital  heart  disease  in  the  absence  of  a  primary  focus  of 
infection. 
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